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Foreword.....

Matrix i the most popular name among the engincering students. Since 2003 Mabrix is
providing real, useful and handy engineering books of all subjects from 1st to dth
years, We are glad o know from various social netwark sites that we get millions of
admirom, Ijmyiel':m that Matrix is the " Best Friend” of them. This affection makes us
more sincere and passionate to expand our hand for Polytechnic students. Cur
research team and expert editorial board have designed a new concept of leamning for
Pnﬁeﬂmfksmdenm. You may find our innovaton, dea, dedication and cammitment
in this Ba

What is the specialty?
This is a single book which contains all subjects for a particular semester, Each subpect
s organised in chaplerwise, according (o Polytechnic new syllabus and every chapter
contains the technic questions with solutions, yearwise, in sequential onder. tisa
real helpful guide for examination purpose. Students will get weightage of the
ch.:lptms and will be more focused. We believe the quality of answers is trustworthy
and reliable,
Features:

o It is casy, lucid, compact, complee yet comprehensive.

It consists of some years question answers upto 2022

- CIMF‘? s introduced in bricf and compact form known as “Chaptes at a

ance”.

Gmmgu Scieatist Dr. MADY is with us;
We have launched Dr. MADY's inveotion of series of science & scientific
experimental kits known as “MADY EIT”. These kdts are for students, teachers,
parents and anyone who are intercsted in scicoce. MADY KITs are designed
exclusively to mix and blend education and fun. These kit are mainly designed
0 impart !muwle':{‘ge because they provide detailed and subtle facts on vanous
aspects of life an sical sciences. The inquisitive mind is able to explore
different beanches of science including chemistry, biclogy, physics, mathemaries,
antronomy eic. using these ki,
Dffecent Y KITs:
Physics, Mathematics, Biology, Green Science, Electrical, Electronics, Chemistry,
Solar Science, JD Puzzle,
Afice the Covid 19 pandemic the whole educarion system has been changed.
Students are getting ticed a long time online classes and online exams. Oaline
study materials cannot be subatimte of the physical books. We have provided
b w the atudents éven in the pandemic period. As we know during the
pandemic pericd all raw matcrials price increase intenscly, specially in paper
materials, we have uo other option clse 1o increase owr book price :n:tmlling [T
the market situaion.

Matrix Educace Pyt Lid. expresses extrome gratitude-and thanks 1o the Professors,
authors, wellwishers and in-house staff without their whole hearted sftort such
massivie operation would not have been possible. Matrix Educare Pve, Lid wishes in
advance best of luwek W the studenis preparing for the coming semester

examinabions,
ANTREAN CGLPTA
on behalf of MATRIX EDUCARE PVT, LTE.
Email: info@matrixeducare.com
1% August, 2022 J




( Syllabus T

Engincering Mathematics-11

Unit — 1: Determinants & Matrices

1.1 Determinant:

1.1.1 Definition and expansion of determinants of order 2 & 3. Minors and cofactors.
1.1.2 Elementary properties of Determinanis (statements anly) & simple problems
1.1.3 Chios Method for 4th order determinant.

1.1.4 Solution of linear simultaneous equations (up to 3 unknowns) by Cramer's Rule.

1.2 Matrix:
1.2.1 Definition of Marrix and its order.

1.2.2 Different types of Matrices.(rectangular, square, row, column, upper triangular, -

lower trianpular, diagonal, scalar, identity, null),

1.2.3 Equality of two matrices.

1.2.4 Addition. subtraction, multiplication of a matrix by a scalar and multiphication of
two matrices,

115 Transpose of a matrix. svmmetric & skew symmetric matrices, simple problems.
1.2.6 Singular & non-singular matrices, adjoint and inverse of a matrix of order 3.

Unit - 2: Co-ordinate Geometry (only 2-dimension)

2.1 Coordinate System

2.1.1 Cartesian & Polar Coordinate system & their relations,

2.1.2 Distarce between two points, internal & external division of a line segment &
simple problems. :

2.1.3 Arca of a triengleand condition of collinearity

2.2 Straight Line

2.2.1 Gradiem (slape) of a steaight line.

2.2.2 Equations of straight line in various standard forms (no prool) (slope-intercept
form, slope-point form, intercept form, two point forg ) & simple prablems.

2.2.3 Angle between two straight lines- conditions of parallelism and perpendicularity &
simple problems.

2.2.4 Perpendicular distance from a given point Lo & ling, perpendicular distance between
two paralle! lines.

2.3 Circle: ) _
2.3.1 Equation of a circle - centre-radius form. diameter form, simple problems
1.3.2 General equation of a circle and its centre and radius. Simple problems.

2.4 Conic Section:

2.4.1 Definition of conic section, vertex, axis, eccentricity, focus, directsix, latus reciym
& prohlem,

2.4.2 Standard equations of parabola and ellipse, simple probiems.

Unit - 3: Integral Caleulus

A.1 Indefinite integral

3.L.1 Definition of Integration as inverse process of differentiation.
3.1.2 Rules for integratio: » fsum, difference, sealar multiple).
3.1.3 Imegratlon of standard functions.

3.1.4 Integration by substitution,

315 Integration by parts,

3. 1.6 Integration by partial fraction.

3.1 Definite Integral

3.2.1 Definition of definite intepral & simple problems.

3.2.2 Properties of definite integral with simple problems.

3.2. Application of definite integral -i) arca of bounded region i) Volume and surface
area of solid penerated by revolving an area about x and y-axis,

Unit — 4: Ordinary Differential Equation

4.1 Definition of ordinary differential equation, order & degree,

4.2 Solution of Differential equation of First order and first degree .

4.2.1 Separation of Variables.

4.2.2 Homogeneous type.

4.2.3 Exact ype.

4.2.4 Linear type..

4.3 Solution of Linear Second order Di ferential equations with consiant coefficients
4.31 Complementary Functions (C.F)

432 TParticular  Integral  for  polvnomial  fimetion, €7,  sinar  and

cns:zt.[ F[—a’} # n] &1 where V is a polynomial function. Simple problem.

Umit - 5: Partinl Diiferentiation

5.1 Definition & mesning of partial derivative

5.2 Evaluation of partial derivatives.

8.3 Definition & examples of homogeneaus functions.

5.3 Euler's theorem (|st order) on Homogeneous functions for 2 variables [withou
proof). Problems.

Unit — 6: Statistics & Probability
6.1 Slutisticx
6.1.1 Deliniiion & examples of frequency distribution.



6.1.2 Measure of Centrul Tendency (mican, median, mode) for ungrouped and grouped
frequency distribution.
6.1.3 Measures of dispersion-Standard deviation, Simple problems,

6.2 Probability

6.2.1 Definition of random experiment, sample space, event, ocourrence of events &
types of events (cg. Impossible, Mutually exclusive, Exhaustive, Equally likely),

6.2.2 Classical definition of probability, simple problems.

¥8 1

Unit — 1: Wave motion and its applications

Simple Harmonic Mation (SHM): definition, expression for displacement, velocity,
acceleration, time perod, frequency elc stady of vibrations of cantilever and
determination of its time period, Free, damped and forced vibrations with examples.
Wave motion, transverse and longitudinal waves with examples (Sound and light waves)
definitions of wave velocity. frequency and wave length and their relationship, equation
of a plane progressive wave. Principle of superposition of waves and beat formation.
Acoustics of buildings- reverberation, reverberation time, methods to control
reverberation tme, noise, coefficiem of ebsorption of sound, Ultrasonic waves -
Introduction and properties, engineening and medical appheations of ultrasonic.

Unit - 2: Optics

Basic opical laws: reflection and refraction, refractive index, [mages and image
formation by thin lenses, lens & lens maker’s formula, (no deduction) power of lens,
magnification simple numerical problems. Total intenal reflection, Critical angle and
conditions for total intemal reflection, applications of total internal reflection in optical
fiber: a

Optical Instruments; simple and compound microscope, astronomical 1clescope
{refracting, Ray Diagram and formula for magnification). Interference and diffraction of
light (Qualitative ideas only).

Linit — 3: Electrostatics

Coulombs law, unit of charge, Electric field, Electnic lings of force and their propertics,
Elecrric flux, Eleetric potential and potential difference, Oauss law {statement only)
Application of Gauss law 1o lind electric field due 10 a charged sphere.

Capacitor and ils working, types of capacitors, Capacitance and its units. Capacitance of a
parzllel plate capacitor (formula only), Series and parallel combination of capacitors
formula (related numerical problems), dielectric and its effect on capacitance, diclectric
break down.
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Unit — 4: Current Electricity

Electric Current and its units, Direct and alternating current, resistance znd its units,
Specific resistance, Conductance, Specific conductance, Series and parallel combination
of resistances. Faclors affecting resistance ol a wire, carbon resistance and colour coding
Ohm's law, Kirchhoff's laws, Wheatstone bridge, Carrey Foster Bridge and its
applications, Concept of terminal potential difference and Electro motive force (EMF),
Heating effect of current, Electric power, electric energy and its units {related numerical
problems).

Thermoelectric effect: Seebeck & Peltier effects.

Unit —5: Electromagnetism

Magnetic field and its origin, units Larentz force (force on moving charge in magnetic
field). Biot- Savart law, Application to Straight Conductor & circutar loop; concept of
magnetic dipole. Force on current carrying conductor, Torque on reclangular coil placed
magnetic field concept of electromagnetic induction, Faraday's Laws, Moving coil
galvanometer; principle, construction and working, Conversion of a galvanometer into
ammeter and vollmeter, - -

Types of magnetic materials; din, para and ferromagnetic with their properties,

Unit - 6: Semiconductor Physics

Energy bands in solids, Types of materials (insulator, semi-conductor, conductor),
inrinsic and extrinsic semiconductors, p-n junction, junction diode and V-l
characteristics, Diode as rectifier- hall wave and full wave rectifier (Centre taped) &
circuit symhbaol,

Transistor, Block diagram - types (pnp and npn) & circuit symbol, transistor as an
amplifier CE mode (Circuit diagram and concept).

Photocells, Solar cells and LED working principle and engineering application.

Unit=7: Modern Physics

Bulr's atom model and concept energy levels, ionization and excitation potentials, X-
rays, Production (Coolidge tbe) continuous and characteristic-X-rays, soft and hard X-
rays, and use,

Laser: spontancous and stimulated emission; Laser light; He-Ne laser elementary
characteristics, applications of lasers.

Fiber Optics: Introduction to optical fibers, mechanism of light propagation,
applications,

Nanoscience and nanotechnology (Introduction only).



Unit 1z

Basic Internet skills: Understanding browser, efMicient use of search engines, awarencss
about Digatal India porals (state and national portals) and college portals.

Number system and codes: Binary, octal, hexadecimal and degimal Mumber syetems
and their inter conversion, BCD numbers (8421-2421), gray code, excess-3 code, evelic
code, code conversion, ASCIL, EBCDIC codes. Binary addition and subtraction, signed
and unsigned binary numbers, 1's and 2's complement representation. 2. Boolean
Algebra: Basic logic circuits: Logic gates (AND, OR. NOT, NAND, NOR, Ex-OR,
EXNOR and their truth tables), Universal Gates, Laws of Boolean algebra, De-Morgan's
theorem.

General understanding of various computer hardware eomponents —

CPU, Memory (types), Display [modemn), Keyboard, Mouse, HDD, SSI and other
Peripheral Devices.

Types of software.

Unit 2:
Overview of Operating Systems
*  What s an OS
*  Briefl history.
Background and Basics
Computer System review
Types of OS
Architecture
Basie Oss
Batch
Multi-programmed batch
Timesharing
Computer System Structures
Operating System Suructures,

Unit 3¢
Algorithm and Flowcharts
s Algorithm
s Definition
s Characteristics.
Advantages and disadvantages
= Flowchart
= Definition
*  Define symbols of flowchart
* Advantages and disadvantages,
Examples =

Uit 4:

HTML 5: ;

HTML - Introduction, HTML — Elements, HTML - Tags, HITML - Text, HTML -
Formatting. HTML — Pre, HTML — Atributes, HTML - Font, HTML. - Text Links,
HTML - Comments, HTML - Lists, HTML — Images, HTML - Image Links, HTML -
Tables, HTMI. - Bgeolor, HTML - Color Codes, HIML. - Color Char, HTML -
Backiround, Web Forms, HTML - Forms,

; HTML —Inpit; HTML — Text Fields, Hidden Fields, HTML — Password, HTML = Reget,

HTML — Submit, HTML ~Checkboxes, HTML — Radio, HTML ~ Select, HTML =
Hidden Fields, HTML — Upload, HTML - Textarza, Special Tags, HTML — Baody,
HTML — Meta, HTML — Siyle, HTML — Div, HTML - Lavouts, HTML — Frames,
Formating Tags, HTML — Bold, HTML - Paragraphs, HTML - Headings, HTML - Line
Breaks.

CS8: €S8 Imroduction, CS8 Syntax, CSS Id & Class, C88 How CSS Styling. Styling.
Backgrounds. Styling Text, Styling Foms, Styling Links, Styling Lists, Styling Tables,
CSS Box Model, CSS Border, €55 Quiline, CS5 Margin, CSS Display, CSS Positioning,
CS55 Floating, CSS Navigation Bar, CS5 Image Gallery, €SS Image Opacity, 55, Align
JavaScript: Introduction, JavaSeript Overview, JavaScript Syntax, Type of JavaScript
Embedding Script In HTML File, Variable Operators, Anthmetic, Logical, Comparison,
Assignment, Conditional Statement & Looping Statement, If, [f-Else, Swich, While,
Darwhile.

Uniit 5:

(Network Utilities and devices tools/project)

* Introduction to Computer Securily Chapter

: Networks and Internel {DoS Tools & Technigues — Tracert, Visual Route)
: Cyber Stalking, Fraud, and Abuse

: Denial of Service Attacks (Scanning — WireShark)

- Malware Chapter &: Techniques Used by Hackers.
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© Unit-1

Overview of Fleetrical Components

1.1 Concept of Passive Components: Resistors, Capacitors, Inductors,

1.2 Different types of signal waveforms; DC/AC, voltage/current, periodic non-periodic
LY Volmgeleurrent  sources:  ldeal/non-ideal,  independem/dependent,  source
transformation,

L4 Simple problems on source transformation.



Uit - 2

Electric and Magnetic Circuits

2.1 Concept of EMF, Current, Potential Difference, Power and Energy.

2.2 MM.F. magnetic foree, permeability, hysteresis loop, reluctance, leakage factor, BH
cu.rw:_l:nd hysteresis loss, eddy cumem loss. Analogy between electric and magnetic
CIFCUs:

2.3 Flectromagnetic induction: Faraday's laws, Lenz’s law,

2.4 Dynamically induced emf; Statically induced emf: Principle of sclf and mutual
indugilance,

2.5 Energy stored in magnetic circuil .

.6 Flemming's Lefi Hund Rule and Right Hand Rule,

2.7 Simple problems.

Unit-3

AC Circuits

3.1 Concept of Angular speed, Cycle, Frequency, Perindic time, Amplitude, RMS value,
Average value, Form Factor, Peak Factor, impedance, phase and phase difference.

3.2 Representation of sinusoidal quantities in (i) exponential form (if) complex form and
(iii) polar form. ;
3.3 Expressions of wvoliage end currem through pure resistance, induclance and
capacitance with sinusoidal excitation and phasor representation,

3.-!‘ Study of simple R-L, R-C, R-L-C series and paralle! circuits with sinuscidal
excitdtion and phasor representation.

1.5 Concept of impedance, impedance triangle, power factor, active, reactive and
apparent power, power triangle.

3.6 Valtage and Current relationship in Star and Della connections.

3.7 Simple problems.

Unit— 4

Transformer and Machines

4.1 Transformer and Machines

4.2 General construction and principle of different type of transformers

4.3 Emfequatian and transformation ratio of transformers,

4.4 Auto transformers

4.5 Construction and Working principle of motors

4.6 Types of motors and applications

4.7 Simple problems on transformer and electrical machines,

Unit- 5§

Overview of Basic Semiconductor Devices

5.1 Energy level diagrams of insulator, conductor & semi conductor,

5.2 Concept of Intrinsic & Extrinsic semiconductor, Idea of Doping concentration,
Formation { P- Type and N-Type semiconductor and their properties.

5.3 Formation of P-N junction Diode and their properties,
5.4 Congcepl of PNP and NPN Transistor with their applications,
Concept of FET, MOSFET & CMOS with their applications.

Unit - 6

Overview of Analog Circuits

6.1 Features of an ideal OPAMP, Pin configuration of 741C, Concept of Virtual Ground
& Offset null adjustment.

6.2 Inventing and non-invening mode and their gain calculation.

6.3 Applications of OPAMP: Amplifier, Adder, Integrator, & Differentiator circuit.

Unit -7

Overview of Digital Electronics

7.1 Rules and laws of Boolean Alpebra, Basic logic circuits-Logic gates (AND, OR.
NOT, NAND, NOR, Ex-OR, Ex NOR and their truth tables), Universal Logic Gaies,

7.2 De-Morgan's theorem, Min term (SOP), Max term{POS), Idea of Karnaugh-Map,
Simplification of Logic circuiis by Boolean Algebra andKamaugh Map.

7.3 Basic concept of Flip Flops as a storage element '

7.4 Fundamental conéept of Counters-Ripple and synchronous Up-Down Counter

7.5 Introduction 1o Dighal IC Logic gates (TTL only),

ENGINEERING MECHANICS
Group A

Unit = 1 Basics of Mechanics and Force System

Concept of Engineering Mechanics — Statics & Dynamics: Space, fime, mass, particle,
Mexible hody and rigid body. Sealar Quality and Vector Quality: Addition & Subtraction
of Vectors - Basic units — Derived Units — S units,

Force: Definition, unit, répresentation as a vector and by Bow’s notation, characteristics
and effects of a force, Principle of transmissibility of force. Force systems and its
classification with special emphasis of Co-planar Foree System.

Co-planar Con-current Force System: Composition of Forces: Parallelogram Law,
Triangle Law and Polygon Law of Forces. Determination of resultant by Analytical and
Graphical method. Vector diagram. Resolution of Forces: Orthogonal components of a
force. Simple problems on composition and resolution of forces.

Unit — 11 Moments and Couples

Moment: Definition of moment of a force about a point — Physical significance of
moment - Resultant of a system of parallel and inclined forces - Vangnon's Theorem.
Simple Problems.

Couples: Definition of moment of a couple — Physical significance of Couples
Equivalent couples ~ Resultant of any number of coplanar couples — Replacement of a



force about @ point by an equal like parallel force together with a couple: Simple
Prablems.

Unit — I Condition of Fquilibrinm

Equilibrium of Co-planar Con-current Foree System: Lami's Theorern, Iriangle Law
& Palygon Law of equilibrium Concept of Free Body diagram. Simple problems.
Equilibrium of Co-planar svstem of non-concurrent forees: Conditions of equilibrium
of co-planar system of non-concurrent parallel forces (Like and Unlike) Sim ple problems
excluding statically in-determinant.

Types of beams, supports (simple, hinged, roller and fixed) and loads. Beam reaction for
simply supported beam with or without overhang subjected to combination of Point Load
and Uniformly Distributed load. Simple Problems.

Unit — IV Frietion

Friction and its relevance in engineering, Tvpes and Laws of friction, Limiting Friction,
Coeflicient of friction, Angle of friction, Cone of Friction, Angle of Repose, Relation
between coefficient of friction and angle of frictisn,

Equilibrium of bodies on horizontal surface subjecied 1o force parallel and inclined o
plane. Equilibrium of bodies on inclined plane subjected to foree parallel and inclined to
plane. Simple Problems.

Group B
Unit-V Centroid und Centre of Gravity
Concept & definition.
Determination of Centroid of Plane Figures like (i) Uniform triangular lamina, (ii)
Uniform rectangular lamina, (iii) Uniform circular laming, {1%) Uniform semi-circular
lamina, and, (v) Uniform lamina of quadrant of a circle.
Determination of Centroid of Composite sections composed of not more than three plane
figures likedi) T-section, (ii} equal and unequal angle-sections, (iii) equal and unequal -
sections, {iv) Channel-sections, (v) Z-sections, (vi) different cut-ou sections, and, (vii)
Built-up sections (Dat of individusal sections given}. Simple Problems
Concept of Centre of Gravity of Simple Solids. Determination of Centre of Gravity of
Simple Solids like (i) Cube (i) Cubeid (iii) Cylinder (iv) Sphere. Determination of
Centre of Gravity of composite solids composed of not more than two simple solids. No
Problem.

Unit= VI Simple Lifting Machines

Definition of Lifting Machine, Applications and Advantages.

Loud, Effort, Mechanical Advantage, Velocity Ratio, Efficiency of Machines and their
rélationships, Law of machine.

Ideal Machine, Friction in Machine, Maximum Mechanical Advaniage and EMiciency,
Reversible and non-reversible machines, conditions for reversibility. Simple Problems

o —

o

Velocity rutios of (i) Simple and Differential Axle and Whee! (i) Worm and worm wheel
{iii) Single purchase and Double Purchase Crab Winch (v) Simple Screw Jack
{vi) Simple Pulley Block, Simple numerical problems.

Coroup ©
Unit— VI Motion in « Plane
Reetilinear Mation
Displacernent- Time and Velocity-Time diagrams, Motion equations | wnh.dmmur}m,
Newton's Seeond Law of linear motion P = ma and momentum of a body, Conservation
of momentum of a body, Simple numerical problems.
Curvilinear Mation .
Coneept and definition of Angular displacement, nngﬂ_ur velnc:ll_\-', relation b_cmeen
Linear & Angular velocity, Definition of Angular acceleration, R’E‘E'illlm hﬁwezll'l linear &
angular acceleration Concept, definition and deduction of expression for Centripetal and
cenirifugal force (numerical problams. .
Work, Power, Ener _ )
Cuno‘:pL definition ai-:i mathematical expression of Work. Powerand Energy, Discussion
on their units in S System.
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B NOTE:

We have designed the complete ENGINEERING MATHEMATICS-Il course
material in accordance with new and changed syllabus under WBSCTE.
Previously the subject was in 2™ semester. Hence we are providing relevant

| university solutions and some model questions & answers along with new

university paper, so that students can get an idea about WBSCTE questions
pattern,




mi ENGINEERING MATHEMATICS - TI EM.2

Chapter 1: Determinants & Matrices H

Chapter at a glance:

1.1 Definitions
A reciangular array of mn elements &, into m rows and n columns is called a matrix of

arder m = n over the ficld F. If F be the field of real numbers, the matrix is said to be a
real marrix. Thus

211 ®z Wy —=== A
= a3 8 Epmy o Ay
Imt 2m3 Amy ——== B
is-a real matrix of order m > n and denoied by
A=(ay) =123 amij=l 2 3

If all the elements of a matrix be zero, then it is called a null matrix or a zéro matrix and
denoted by On.p. If the elements are not all zern, then it is called non-null or non-zero

matrix.
A matrix with single row is called a row matrix.
cg,(z b c)isarow mairix
A matrix with single column is called a column matrix.
&
&g, | b |isa column matrix.
=

If in a matrix, number of rows be equal to the number of columns, then the matrix 1%
called square magrix.

21y 817 B1z T 34

Ay @ 33 —— 4
€L T T M 14ea suare matrix of order n.
Aa1 B2 8p3 —— Epy
A square matrix whose non-diagonal elemenis are zero is called diagonal matrix.
#gy 0 ———
D By —--- e ;
SR is a diagonal matrix of order n.
L]
0 f - B

POLY-EM

Determi & Malrices EM.3
Thus for a diagonal matrix
(“ij )nm 20, i=]
=0, i#j Li=l 2, e n.
If all the elements of the diagonal matrix are equal, the matrix is called the scalar matrix.

a 0 —-—-—-= 0
_————

eg g . S ol is a scalar matrix.
0 0 -———= a

Thus a scalar matrix
I:ﬂij}nw =a, i=]
—0, i2]
If the elememts of a diagonal matrix be al} unity, the matrix is calied the unit matrix or
Identity matrix and it is denoted by [, or simply L
Therefore,

Lo 0 —=== 1
A square matrix A is called the singular matrix if det A =0,

2 § 19
eg.| | -2 —4|isasingular matrix
=3 2 0

IFdiet &+ 0 then the square matrix is called non-singular matrix,
(1 ¥ 1

g, |2 4 8 |isanon-singular matrix.
39 25

1. Addition of two matrices:
Two matrices are conformahle for addition if they are of the same order.

WA =(x,) andB=(b,) .then
"‘+B:[E1’i} . G =aythy

“The matrix addition is both commutative and associntive.
e, A+B=B+A [Commutative]
(A+B)+C=A+(B+C) [ Assaciative]
POLT-EM
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2. Subtraction of two matrices:

IFA=(ag) _andB=(by) .then

A-B= (du}m“' du =8y bu'

3. Multiplication of a matrix by a scalar:
Multiplication of a matrix A by a scalar k means to multiply the every element of A by k.

a

eg, lf.-i=[ o2
ay 4An)

lhmkh:k.[s” a”]:[ka” kaia
a3y 4m kﬁ;l h:an i

4. Multiplication of two matrices:
The product AB of two matrices A and B is possible enly when the number of columns of
A is equal 10 the number of rows of B.

IfA=(ay) . B=(by ]mp
-0
ll'ﬂﬁ.ﬂ-—[:h_]mhp where cg =Eaijbjt'
=1
As an example let,

(A B

A-['l K :lJa.ndE= A; B

32 by o =

As By

A B
Here, Af= ra, & f:‘] A By | [ﬂ;-"'l-, A tod, oB+h8 o8,
e & o A, B i A bAoA a B+ BB, B,
Bur
A, B Aa,+Ba, Ab+Bb, Ac,+Bg,)

a b ¢
BA={A, B, [ ! bJ ']: Aa +Ba, Ab +Bb, A, B,
A, B, Ao T A =Ba, Ab +Bb, A BICJJ
S0 it is seen that since A s of order 2 # 3 and B is of order 3 # 2 then the order of the
product matnx AB 15 2 # 2 while the order of the matrix BA js 3 = 3,
In general. the matrix multiplication is not commutative. But matrix multiplication is
associative.
Again if the product of two matrices [s null matrix then we can not conelude that either of
them is 4 null matrix.

MILT-EM
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1 0 00
e.g.,ll‘":ﬁ|.=[2 OJMEE[B- 4]th:rl
Abie 00
o o

but neither A nor B is a null matrix.

"If A be 2 square matrix then Alis obtained by multiplication of A with A,

(™ by
"B A%y b

then A :am:[a‘ b‘J [a' h‘J
a3 bz )lay by
_[ aff+bjay by ¢ bibi}
) asa;+bja;  azb; +h5°
If A be a square matrix of order 3 then A is called the nilpotent matrix of index 2, if A" =
0 (null matrix).
1 =1 1

eg.|-3 3 —3|isanilpotent matrix.

-4 4 4
A is called involutary if A* = |
0 4 3
eg.| | =3 -3]isainvolutary matrix
-1 4 4

A is called idempotent matrix (f A* = A

-1 1 =l

eg.| 3 =3 3 |isanidempotent matrix,
.3 -5 3

Two matrices A and B are said to be equal iff they are of the same order and their
corresponding elements are equal.

IfA = [uu ].... and B = (b, L“.fﬁﬂl
A=8 {fa,=b,

POLY-EM
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a b) (1 3]
"‘5“[c d)\3 4
ifa=lLb=2 c=3andd=4.
1.4 Transpose of a Matrix

A matrix A" of order n x m is obtained by interchanging rows and columns of & matrix A
or order m * n.

IfA=(ay) thenA”=(ay)

Foxom
e.g.. A=[u" &y “13]

Qg Oy gy
dy gy
thenAT=|a, a.,
gy dyp
We can easily verify that

@ AahHf =a

Gi)(A+B) =AT BT

Gii) (AB)" =B'AT

(iv) (RA)Y =kAT, kisa scalar.

and Skew Symmetric Matric
A miatrix "A’ is called symmetric matrix ifA" = A,
fa h g
Ceg, |h b [|isasymmetric matrix.
. g T
A matrix * A’ is called skew symmetric matrix if AT =~ A
‘0 h g
eg, |=h 0 [ isaskew symmetric matrix
8 =L 0

Theorem:
Any square matrix A can be expressed as o sum of symmetric and skew symmetric
marrices.

For any square matrix A, the symmetric murix=%[.d+.d’;l und skew symmetric

=, oL
mnmx.:-i[,gﬂf"}_

POLT-EM
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.6 Inverse Matri
If A and B are square matrices of arder n such that AB = | = BA, I.hcln the rrlain'lx Bis
called the inverse of the matrix A and vice-versa. Wemay wrie B=A "orA=B .
Thus
AL =T=A"TA

s '=1=p"'8
Two important properties of Inverses: . )
(i) A square matrix has an inverse if and only if it is non-singular.
(i) The inverse of a square matrix, if it exists, is unigue.

1.7 Minors & Cofactors

@, d3 e By
Gy Oy wee Mg

Letd=| * * “|bea nxn
4 Gy o

real matrix then the minar of any element g, of A is a determinant consisting all the
clements of A except the row and column containing the element o, and it is denoted by

M, .

(8
ﬁ“ {I”_ q_r.l a,;. g L
dy iy Gy D 2,

‘Hnr =t u L o B B -
i L H a=an By "h—l.llr: e Ooim
& ﬂ_: L de a,

Cafactarof o, of AdsdefinedasC, =(-1)""M,
-Adjoint matrix corresponding 1o the matrix A is denoted by Adj( A)and defined by
Adi{ ) =[C ...

1
Inverse of the matrix A is defined by 4™ = ey Adi(4)

1.8 Orthogonal Matrix
A square matrix ‘A" is called the orthogonal matrix, if
ATA=1=AA

POLY-EM
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f1 |
B Bl
eg. A=Y T" is an orthogonal matrix, since
o
NI N
ATa=( ¥3 3;-": *'F TE=[; 0]=|
_ e 1
2 Z)E '
;' G},
Aga;ntn ]|1s also an orthogonal matrix.
I

| Short Answer Type Questions )

A. Choose the correct answer from the given altematives in each of the

1 2 3
L. Thevalueof (2 -1 4 is- [WBSCTE 2004, 2006, 2008]
- S
{a) 0 (b) 13 {e) 19 {d} None
Answer: (¢
. 1 & o
2. Thevalucof (@ o o where @ is a complex cube root of unity is -
T
(8) 0 (hil ir)2 (d) none of these
[WBSCTE 2004, 2007, 2017]
Answer: (a)
2 0
L I A=|-1 2|then A"is- [WBSCTE 2004, 2005, 2007]
0 4
2 0 2 2 -1 0
2 b oy t
H[—I 4 ﬂ] f}lﬂ 3 4] fe) none of these
Answer: (h)

POLT-EM
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Y [
4. Thevalueof [4 6 i5 -
56

{a) 0 (by 13
Answer: (c)

1 00
5 Thematrix |5 1 0|is—
3 2 4

[WBSCTE 2005, 2007]

(e} -1 {d) none of these

[WBSCTE 2006, 2007, 2008]

{h) an upper trianguiar
{d) none of these

6 IfA=[-3 0 =l|thenthe minor of the element 4 is — [WBSCTE 2008, 2008, 2009]

(a) a diagonal
(c) a lower triangular
Answer: (c)
0 1 4
5 <2 7
{a) & (by 8
Answer: (a)

|
7. The value of the determinant | e’

-

o
is-
()0 O
Answer: (b}
0 2 =i
B Thematrix | -2 0 1| is-
1 -1 0

(a) triangular
(c) skew symmetric
Answer: (¢)

fe) 18 {d) none of these

m’l wl
1 @] where wis the complex cube root of |
|

[WEBSCTE 2009]
() {d) none of these
[WESCTE 2008]
(b} symmetric
{d) no one is commect
POLY-EM
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[T 8 0

9. Marix{0 -1 0]is-
_tl B 1

(a) Unit matrix,
(<) diagonal matrix

[WBSCTE 2009]

(b) scalar matrix
(d) none of these

Answer: (c]
-1 3 -
10. Co-factor of the element 2 of the determinam | 5 4 olis [WBSCTE 2009]
2 -3 5§
{a) 8 (b)-8 (c]-1 {d) none of these
Answer: (a)
[t 0@
1. 7,={0 1 Ofthenl +2] equals to— [WESCTE 2010]
0 0 I
{a) 1, {b) 2/, (c) 3L (d) none is true
Answer: (c)
-3 |
2.Ifa=|7 3 then co-factgr of element 7 is - [WBSCTE 2010]
-5 6
{a)-13 {b)13 ey 2l {d) none is correct
Answer: (h)
- I 0] {1°2] ,
13. I 4= A dmd3={1 4 then AB is - [WESCTE 2010]
- &
5 2 13 |'| 0]
d f th
(a) 34 (h]{ﬁ _J ru:!—L2 4J (d) none of these
Answer; (a)
1 & .’!I a- b
14. 1T A=|1 b cfthen|b & alis [WBSCTE 2011]
] o u’l I I 4
{a)0 (b) A (c) ~A (d) none
Answer: (h)

FOLY-EM
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15, Thevalucof |~ 0 —clis
b e 0
{a) abe (b} 0 (c)athic

Answers (h)

EM.11

[WBSCTE 2011)

{d) none i3 true

a-b 2a+e -1 3 g
=|. then the values of &, b, cand d respectively are —
18 H[za—a 3c+d] [n_ IJ] ‘

(@(l,-2,3.-49 fh)(1,2.3,4)

(e (1.2,-3.4) {d) none is true
Answer: (b)
17. H'A|:T n]thuu‘is

01
20 1o 1 0]

Eﬂ[q 2J ib}l:i [J {c) [D ]_‘

Answer: (d)
1 a b a b
1B.IT4=|l b c|then|b ¢ 15
1l ¢ a I i 1

() 0 {b) A (e)=A
Answer: (b)
19. If [th_ﬂ S} =1§ 5‘}: then the values of x and v are

¥ -2

(m)(2,-32) (b) (=2, ) (e}(3,0)

Answer: (1)
2 3 -
20. The value of the determinant (1 0 2] s
I 2 3
(a0 (b 13 (c)-13

Answer: (¢)

[WBSCTE 2011]

[WBSCTE 2011]

(d) none of these

[WBSCTE 2012

(d) none

WBSCTE 2012]

{d) none

[WBSCTE 2012]

d) none

POLY-EM
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EM.12
7 =2 37
21. Co-factor of element 6 of determinant [ 1 S 6 |is [WBSCTE 2012]
2 7T 13
(a) 10 (b} 18 {c)-18 (d) none is correet
Answer: (c)
22, A squere matrix is singular if - [WBSCTE 2013)
(a)detA=0 (bidetA=0 fe)det A= (d) detA #1
Answer: (a)
0 a -
23, [-a O - [WBSCTE 2014)
b ¢ @
{a) abe (b10 (cla+hb+c {d) —abe
Answer: (b)
1 3 4
24, In the determinant [-1 2 0| cofactor of (} is - [WBSCTE 2014]
5 6 89
(a)0 (b)—9 ic)% {(d) none of these
Answer: (€)
28 1f 4] ! PG z_i AB =
l2 3 =4 i [WBSCTE 2014]
| -2] -2 2] [1 &]
(a) b) dy
[ﬁ 2] [H IEJ (e) B IIJ {d) none of these
Answer: (b)
[0 =2 ]
2. Thematrix | 2 0 -3 is— [WHSCTE 2014]
|3 3 o
{a) diagonal (b) scalar {c)symmetric  (d) skew-symmetric matrix
Answer: (d)

POLY-EM

Determinants & Matrices EM.13
[ 2
m.r A:lL l] IJ,A" - [WBSCTE 2014]
2 11 -2 N || 1T=1 =t]
e = _ dj=
m3[l J L 3[1 1] e 1 “3[2 )
Answer: (h)
1 -2 3[
18. The minor of the element & in the determipant |0 4 61 is— [WBSCTE 2015]
1 2 5§
(a)3 (b)4 (e)—-4 (d) none of these
Answer: (b)
29, If A is a square matrix then )  [WBSCTE 2015]
(a) A=A is symmetric {b) A4 A" is skew-symmetric
(e} A—A" is symmetric (d) A— 4" is skew-symmetric
Answer: (a) and (d)
poal [+ 3].[2 6 - =
30, lf3x[r. s:l_[S u:l+[4 lz]thtn[p.q.r.s}ls [WBSCTE 2015]
(81(2.3,4.3) (b)(2.3.3.4] (£)(2,0,3, 9 (d) None of these

Answer: (b)

31, If A and B are two square matrices such that 4° = 4, 8 = Rand 48= A4 then—
[WBSCTE 2015]
(a) (AB)' =1 (b) (ABY = AB {¢) (ABY =BA  (d) none of these
Answer: (b) and {c)

32. Given that matrix a has size 354, Then ATBand BA" are possible when B has size -

[WESCTE 2015]
(a)}4=4 {h) 4=3 {cyi=4 (dy3=3
Answer: {¢)

33, Given that matrix A has size 4%3. Then A'B and BA' are possible when B has size-

[WBSCTE 2016]
(a) 43 (k) 5«5 (c) 5=4 (d) 4=4
Answer: (a)
POLT-EM
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2 =3 4
34, Minor and co-factor of -3 inthe determinant |1 0 1] is [WBSCTE 2017]
0 =1 4
(o) 4 {by — )0 {d) none of these
Answer: (a)
(o s -§
35 Thematrix | =5 0 11| is kmown as - WBSCTE 2017]
g -11 0]
(a) Symimetric matrix {b) Skew symmetric matrix
(c) Diagonal matrix {d) none of these
Answer: (b)

3 x+2y] [0 7]
le{zf - "]:lj ; then the value of z, v, z and ¢ are respectively -

-1 4-6 )
[WESCTE 2017]
fa) 3, -2,-4.3 {b) -3,-2: 4,3
{c) -3, 2, 4, -3 2 {d) none of these
Answer: (b)
xR
37. 1f the matnx ' SJ is singular then x = [WBSCTE 2017]
S
(a) = ®2 ©32 ()2
3 3 5 -
Answer: (h)
T o o]
3810 4,=|0 | 0| then /] +5/, cquals o [WBSCTE 2018]
o a1 ‘ .
(a)bl, (h) 5/, (€} 34, id) 4
Answer: (a)
39. 1T A and B be two sguare matrices then which one is correct - [WESCTE 2018]
{a) deuf AR )= det(A).det(B) {b) detl A+B j=det{ Ay +det(R)
(c) detf A-bj=deti A j-der(13) {d) None of these
Answer: (a)

POLYEM
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2 4 1
0. irl[; Jff -‘="3 liJ,thenﬂndm:va!muf{x.yl'rs—gwsac‘rEzﬂ‘ll]

15

(8

y+5) |1 2l

() (0,0 () (1, 0) fe) (i, 1)

Answer: (i)

41, Given that matrix A hassize 2= 3. Then A'Band B A" -

(a) 323 (h) 2=2 (c)3=2
Answer: (a)

42.If ¥=3and ¥=2X+3 then ¥ isequal to
fa)o (b) 12 {cy 15
Answer: (d)

43, IF £ =[[|, ?] then 17 + 37, equals 1o

(a) B, (h) 5/ (e) 34,
Answer: (d)

B. Answer the following questions:
-1 4

5 6;find 4
13

3
4. 1fA=112
|

AnSwer:

‘3
LA =] =1
| 4

2 | Ans.
i

= L R o ]

Ix-y §

3 i

45, Find the value of x from the following
Answer:

_[6 5
I
Qy-y=Hand p=-1

S2x=(-2)=b or, x=F Ans

(d)0, 1)

[WBSCTE 2013]
(d)2x3

[WBSCTE 2015]
(d)9

[WBSCTE 2019]

(d) 47,

[WBSCTE 2009]

[WBSCTE 2008)

POLF-EM
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r 4
X _

46. Find *x' if
' 2 2

Answer:

4 <
i _rJ:ﬂ:aJ.x‘=& x=+l

a h e
47. Show that (a+b+c)isa factorof b ¢

c a b

Answer:
b e

b ¢ a=atbc-a')-bE —ac)+elab-c’)
e 4

=3abhc—(a +k +e' y=—(a’' +h +&' —3abe)
=—{a+b+c)a’ +b +¢¢ —ab—be—ca)
“la+b+c) isa factor.

EM.16

[WBSCTE 2009]

[WESCTE 2005, 2010]

[WBSCTE 2010, 2015]

;L
2 2 I 1 3
11 ijd:—lq(ll-l— I /3] Taking v common from Cum Cs)
2 2 2 2 212
1 0 4
1.0 2
1 1 3

I | |
= - cd (=== ==x2=— .
0 0[R' =R =R] =x(~1)x(-2-0) =7x 2=

FOLT-EM
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49.10A=1 2 1| find A
-2 3 1|
2 1 21
Answer: 4 =/ 3 2 3 | Ans
=1t 1
50. If.;'fz SIN£  COSLr Al SN € U-_'ﬁﬂ' : ﬁndAB
| 1] cosa  sinda
TR
Answer: AB:[ _] s"f'ﬂ}
SindG L
2
51. Find the co-factor of element =3 of the determinant |=3
1
. % %
4|5 4
Answer: [-3 0~ 1 ={—|}“2 1|=1
L2 i
-t 1 0
SLICA 2 3 4 |wred
| 2 3
-1 2 1]
Answer: 4" =| | 3 2|
0 4 3

53. Find minor corresponding to element 5 of the determinant

-£ 2 -l

& =1

Amsweri| 1 5 1= 3 I\
I 4 1

(ST — SR 1

L

-5
|
3

EM.17

[WBSCTE 2010]

WBSCTE 2011, 2016]

[WBSCTE 2011]
[WESCTE 2011]

2 -

s -2

4 1]

[WBSCTE 2011, 2018]

PO r-EM
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st gty | 2~ aea[! 2
s 1_‘“ 1_3 4l

sawes| 25 25 )

-4 2 3
55, Find minor of element 4 of determinam |0 =2 =3.
4 3
-1 2 3
Answer: [0 -2 -3 =._1 33!-:3
| 4 5| 10"
-1 2 3
S6. 4= 0 1 2| thenwrite 4" =2
L 3 4
Answer:
-1 0 !‘
=2 1 1
5 x4

&7, If A is & symmetric matrix prove that A A" is symmetric?
Answer:

(AAT)=(AT) AT =AAT

So A.A7 is a symmetric matrix.

1 -1 3
58. Find the cofactor of the element 3" of the matrix [0 2 6
1 & 2

Answer:

[} el
Cofacior of ‘37 is [—1]"’|I :I ~(=1)'(0-2) =-2

53!1.!1‘1["r i ]+[] "J=|:]I ”}.uwnﬁndthcvalucxmdyi

7 -3 |1 2] |I5 14

EM.18

[WBSCTE 2012)

[WBSCTE 2012]

[WBSCTE 2012]

[WBSCTE 2013]

[WESCTE 2016]

[WESCTE 2018)

POLTEM

nan tri
Answer:
[x 5 ] 3 4 7 44"
2 - =
7 p-3] |1 2] |15 1]
2x 10 ] [4 10
or, -
14 2p-3| [14 12
B 2 8
or, =
|7 »=3| |7 6
Lx=2 y-3=6 = y=0
= 3 0 a =
&0, Find the value of the value of the determinant |2 0 ¢/,
b = 0
Answer: .
0 a b
-a 0 g|=-al0-bc)—blac—o) +abc—abc=0
b —-c D
: i 1 3
61. Find the inverse of the matrix 4= il
Answer:
1
| A =5
b 3
y 2
A-I=l|:5 _]]: 5
so 1]y 2
g
a2 8
61. Evaluate: |47 48 49|,
44 45 46
Answer:
41 42 43 4] 1 2 el -C
47 48 49|=[47 1 2/=0 [L'j:C’ C']
44 48 46| |44 1 2 S e

EM.19

[WBSCTE 2018]

[WBSCTE 2017]
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63. Find the value of 18" iff A=| " is zinguiue,
L+
Answer:
|4=0
2o
ar, (=0
3 6
or, 12-3a=0 Anz 4
0 2 =

64. Find the value of the determinate =2 0 5.

3 50
Answer:
_o® 352 {—3:-_: csl

i Y A S 3 -

—-2-15)-10)=30-30=0 (Ans)

1 -1 3
68. If A=|0 2 6|.thenfind 47.
1 § 2
1 6 1]
Answer: A" =[-1 2 5
i & 2|

i 1
o6, If .-f:[l ]andﬂ-:[l ].mcneuaium: 24-B.
14 4 13

Answer:

2 4172 1] [o 3]
1.-1-!1:[6 !_[.-. 31712 ;-.|

|
L Y

3
67. Find the inverse of the matrx A =[

EM.20

[WBSCTE 2018

[WESGTE 2018, 2018]

[WBSCTE 2018, 2018

[WESCTE 2018, 2019)

[WBSCTE 2018]

PO =B
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68. Find minor corresponding 1o element *4" of the determinate | 1

Answer:

'f ':;l:12+t=|3

69. Find the cofactor of the element *5° of the matrix | 0
1

Answer:
Cofactar of *5" is

rl - 3+

5 T 16
70, ]I’Z[Jr ]:\‘ 1 }.thﬂnﬁndlh:v:!ueot'xmd »-

T y=3 14 14
Answer:
s 5 7T 10
2 =
T =3 4 14
Here, 2x=7, ¥=3=14
= x:%—zs =  p=l4-3=i]

71 Find minos corresponding to element *—1° of the determinant

Answer:

Miner of “—1" is

k]
‘L#-IS'—-II
4

7. 11 A -.-.l"“’" e ] then find 4.

COsE =Sl

LA

EM.21

(WBSCTE z018]

[WBSCTE 2019]

[WBSCTE 2015]

L L
|
0

[WBSCTE 2019]

[WBSCTE 2018]
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o sina cosa |[Sina  cosa |
A=A4A= ] :
o —Fna ¢osa —sina

sin‘ @+cos’ & SN @05 —SINa Co5a
sincosa —Sinacosa cos” aLEinta

i

“lo 1] [+ sin*a+cos’ a=1]

73. Find the imverse of the matrix 4= ’rl _;] .

|0 3
AnRswer:
T 1f3 1]
Al =——Adj(d) ==
Tap A ¥4=310 1]
2 a0
74. Find the value of *a ifA:L 5} is singular.
Answer:
[2
ey = apsge
L sl
= —a=1-10
a=9
- The value of 4 is 9.
[ (A O
75. Inthematrix | 2 1 0| minorof“-1"is
=1 21
Answer: (-1)
| =1 2
76. s the matrix | | 0 3| non-singular? (Yes or Na)
-2 =3 1
Answer: Yes

EM.22

[WBSCTE 2019]

[WBSCTE 2019]

[WBSCTE 2022)

(WBSCTE 2022)

ML E-EM
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. =1 2
A=l1 0 3]
2 =3 1]
1 -1 2
det(A) =11 o 3
-2 -3 1
0 -1 2 -1 2
g o O e M
= (+6)-5+10
=1l
1 -1 2
o Thematrix |1 @ 3| is non-singular. The correct answer is yes,
-2 =3 1
cosd  sind
77. Is the matrix | orthogonal? (YesNo) [WBSCTE 2022]
sinf!  cosé
Answer: Yes .
e cosfl sinf
s cosd

il cosfl sing [msﬂ ﬁinH'l
T sing cose [sin®? cosfl

sinfcos 1+ cos Hsin sin’ @+ cos* §

o1

o Yes, Iis orthogonal matrix.

N [ cos' @4 sin® @ mﬁsinﬂ+sinﬂcmﬂ]

POLT-EM
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0 @ —m

78. The value of the determinant f-w 0 @' |is

: 1
W o= ]
[WBSCTE 20
Answer: (-2) &
1 2 j
79. The cofactor of 6 in the determimant |4 5 s [WBSCTE 2022]
7 8 9
Answer: (32-35) = (-3)
80. Find the adjoin of the matr [i !
L matrix .
-2 [WBSCTE 2022]
Answer:
i -2 0]
Adjoin of the matrix, adj A= ’- ] SJ
|-
E. Pick up the correct answer;
[ -1 2
Bl. Then matrix |-1 2 4 |is a symmetric/skew-symmetric/scalar mntrix
: 2 4 3
* (Write the correct answer in the blank space) [WBSCTE 2011)
Answer: Symmetric
0 -1 2 .
Bl. The matrix A=| | 0 -3 is symmetricaliskew symmelrical or. scalar
2 32 4
matrix. (Write the name of matrix in the blank space), [WBSCTE 2012)
Answer:
D =1 2
The matrix A= 1 0 -3 is skew symmetrical.
-2 3 0

P T-EM
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=

( Long Answer Type Questions )

I 2 3 ;
S L{a)If 4=|3 4 5|, then show that A+A” is a symmetric matrix and 4- A
5 & 7
is skew symmetric matrix. Do [WBSCTE 2004, 2008, 2004]
{b) Evaluate the determinant -1 0 -1 jhythin'smtlhﬂﬂ.
G S
1 -2 -3
[WBSCTE 2004, 2005, 2006, 2007, 2008, 2012]
Answer
a) . B
I 2 3 1 35
A4={3 4 5 A ={2 4 6]
5 6 7 [3 5 7]
2 3 8 2 5 8
A+ A =5 8 H|s(4+4")Y =|5 & 1)
8 11 KM & 11 14
A+ A7) is a symmetric matrix.
0 -1 -2 [0 1 7]
a-a=lt o =1t w2y <1 o 1
71 @ -2 -1 o]
[ 1 2
(A-AT)=|=1 0 1|=(4=-A")
-2 =10

(A~ A" is skew symmetric, (Proved)

b} The determinant af the Matrix by Chio's method:

0 | [ | 1 ¢ B 1
= Iy (0 -1 =1 3By interchanging C; and C;)
o 1 0 2 |y 0o o 2

P -2 -3 -2 -1 -3

POLTY-EM
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1 8 Q1
L0 -1 -1 3 .
=[—1]‘ g o _‘l'l'ai.lng(—l}mlnmunfmmﬂ,}
g1 3
1 0 ‘! o] i 1)&
o -1 |o ~'|‘ 0
il 1o |1 1 .
= — ethod
ﬂ.'l_; !I j ‘I u‘ -1 -2 fMl:urdln.glothtm .I
1 IJ‘ 1 ll 1
21 2 3 2
=] =3 =1
-l = 3 \ ‘ i 3
do ol oy
e N YR I
. 3 =2 : 3i v 3
0 -l
= =={=2)=2 Aus
4_2 —l! ~=2)
-1 2 -2
- Llfa=% -2 1 2 |,showthat A4" =1, [WBSCTE 2005, 2007, 2008, 20132
a 2 1
OR,
. -1 2 -2
Show that the matrix d‘:% 2 1 2 |isorthogonal, ., Ad" = A" A=1,
2 2 4
[WBSCTE 2016)
Answer:
[-1 2 -2 | -1 -2 2
d=tg p 4 .~.A’=-3- 2 1 2
31_2 - -2 2 1
(=1H=11+2.2 +(-2X-2) (—IN=-2)+21+(-2)2 (-1)2+21+ (=21
AN =$l (“ZH-1)+1.2+2(-2)  (-IN-D)+1.1422 (-2)2412+21

2A=1)_ 22 +14-2) A-N42.1412 234+2.241.0

PO =EM

rices EM.27
Q00 1 0 ¢ :
Vo 9 ol=|o 1 0|=1, Proved
%0 09| [0a
| I I
D 3 Mx+y+z=0, thenshowthat |x y =z|=0 [WBSCTE 2007, 2010]
Ly P
Answer:
1o 0 O m=C,4C,
Lﬂd= ¥ oy cz|=|x ==y x-'z Iil’",='—('.+€,]
R I P o e | owil i
| 0 0 Taking (x - ¥) _l
={x—yXx-=}x 1 I and(x — zjcommon |

' Faexpsyr 1 +m+|| from C, and C,rerpz-e:m-er'_::J

=(x= =2l (xF + 2+ )= (6 40+

=(x = p{x—2)xlz=p)+({z+ yNz= )}
=s(x-phx—a)z=yz+z+y)=lx+y+2dx—yNy=a)hz—-1x)
Since, (x+y4+2)=0 - A=-0DAns
1
I by Chio's method.

1
|
= 4. Evaluate the delerminant A= :
I

-
i fa = =

[WBSCTE 2009, 2019]
Answer:

—_
e ]
P = = —

e

T R e
= = —
& W O

L

A =

POLY-EM
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3
= =21-2W=
1y ‘| j qu o‘ 4 7 L
o T
[1 2 3
D5 1f4= 0 2 -1, findA’ . pwBSCTE 2009]
4 5 3
Answer:
I =2 +3
A=l 0 2
-4 5 2
Z =l o I | G 2
= =0 4. = = = =
AHSZALL‘E 1,_1;13
—2 1 3‘ [
= ==19,4., = =14 = =
A;_, 5 j o~ —4 21 1 "!:! 3 5 3
-2 3 I3 I =2
= 4. = = =1 = =2
- —1‘ & LJ—II %=l z‘
9 -4 s'|' re -19 -4
Hence AdjA=|-19 14 -3| =|4 14 -
R -4 -l z‘ 8 -3 2|
V23 n i e o o 3
[4=fo 2 —|=|‘ 'lu‘ a +1| ;1
405 of 15 2 2 I
=9+ 2x(-4)+3IxB=9-8+24=25=0,
\ [q -19 47
-'-A"r—'%ﬁli:%—-i 4 =1| Ans !
|8 -3 2

1 2 x
D6 If A=[J 4.|slmw that 4° 54— 2/ =0 where | is the unit matrix of order

b [WBSCTE 2008]

Ml r-EM
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I o2l 2] [1s=le3x2 221+422] [7. 107 .
A= it | - o e
34 3 4|3 4] [Ixledx3 2e3+424] [15 22]

i 7 101 [5 10772 0
% -5,-1—2:_[-]5 n}_[ls zu]'[u 1}

[ 7-5-2 10=-10=07 [0.0
= P-4 = =0 [Proved|
[15-15-0 22-20-2] [0 © i
a 1 -1 2
32 2 -2 :
2 7. Evaluate P by Chio’s method. [WBSCTE 2010]
1 3 § -
Answer:
o1 -1 2 I o -1 2
B2 2, -2 R T S| L %
“*4 a2 21"132 ¢ 3 [Interchanging!® and 2™ columns)
1 3 5 - 31 5 -3
1 L= o2
2 3 12 2 |2 =2
| ot 1 -1 N
- }-—m..; 5 I o [by Chio's method)
1 L - N 2
313 5 13 -3
3 § - ,
wt-i)a’ & -3 | taking common facter 4 from 2nd
= 'J] 8 eolumn and - 3 from 3rd column |
31 2
rt—lln-lzt;liwi L
1 2 3

POLY-EM
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P 2
12 || | e
= [bv Chio’s method]

el | zi
3

.

(-7+25)=4x18=T2 Ans.

[7e)

1

12
i
1 % 3
S S (a)Find Adj A If 4=]2 —4 5 [WBSCTE 2010]
6 1
1.2 3
{h) Express .-l=[3 4 5| as & sum of two matrices such that one of them is
6 7
£

5
L3
symmetric and other skew symmetric matrix [WBSCTE 2040, 2019]
Answer:
1 2 3
a) 4=[2 —
L

Now the cofactors of the elements 12,3, 2. -4, 5, 6, 1, 0 respectively -5, 30, 26, 3, -18,
11,22, 1.-8.

5 3 22
Thereforcadi A= |30 -18 1| Ams.
38 11 -8

| 1
b) A=E[A+A’}+E{.4-A"J
As, ~;—(J + A7) is a symmetric matrix

and é-[ A= .4'.) is a skew symmetric matrix.

3 O I R o
A+ AT=13 4 S|{+|2 4 G|=|5 8 Il 2
S6 7] (35 7] |8 11 14

P

POLT-EM
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1 5] [0 -1 =2
4 g|= 1 0 -l
5 7 2 1 0

Z 8 I
_.{.—-I—Sﬂlt-t--

|8 1L 14]

8 -1 |=symmetric matrix + skew symmetric matrix,

I 0]

| o &

S % Provethat |1 b b'|=(a-b){b—c)(c-a)
| :

[WBSCTE 2011]

Answer:
l a 4
LHS.=|l & &=

2

(= T . IR

I & 2

1 a &

=(b-a)(c-a){0 1| bia

01 c+a

[Taking common (b—¢) and (¢ -a) from B, and 2, respectively]
=(b-a)(c—a)(c+a-a—b)={b-a)(c-a)(c-b)
=(a-b)(b=c)(c—a)=RH.5. (proved).

i

> 10, Show that =(x—a)(x-f)(x-r). [WBSCTE 2011, 2017]

w o W

B 8 R X

R

Answer:
X

¥ 1
rYop (s
1

LHS=|*
[ §

-0 - T - S

r |

If x=a,then R and R, are identical. So (x - a) is a factor of D.

If x=# then R, and R, are identical. So (x- ) isa factor of D.

If =y then K, and R, are [dentical, So (x—y) is anather factor of D,

o

POLY-EM
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D=K(x-a){x-F)(x-r), where K is a constant.

Here, L.HS. and R.H.S. bath are polynomial of v, Now equating the coefficient of x*
from both sides we get K =1 ;
Henee, D=(x-a)(x-F)(x-7).

1. 2 2
P IALI 4=(2 | 2|shuwﬁml A =44-5i=0 ' [WBSCTE 2011]
221 ’
OR,
1 22
Show that the matrix 4=|2 | 2| satisfies the equation 4° —44—5/=0 and
2 2.1
bence find 4~ . [WBSCTE 2015]
OR,
_ G | :
Show that the matrix4=|2 1 2 | satisfies the cquntinnA’—#A—S.',=ﬁ,
z 2 1
1 0 ﬂ _[ooo
where/ . =|0 1 0|and0=|0 O 0. [WBSCTE 2016]
010 000
Answer:
] X 2
Given 4=|2 | 2}
o A | . .
F 2 20 2.2 P‘- -8
A=(2 1 2{|2 1 2|=|8 9 8
L 2 1)j2 271 |8 89
Thus, A*~44-5/ _
o g8 1 2 2 1 9 0f |0 00
=8 9 B|-42 1 2|-5(0 1 O|=10 0 0O (proved).
L 89 [221] [0 1]fo00

PILT-EM
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‘.-!":M
|4
4 & ¥ -3 3 2
LA =|¥2 =3 42 =l =3 2
2 +2 3 T 22 =3
aA|=1-9)-22- )+ 24 -2)=-3+4+4=5
-3 2 2
.‘..-I"=l 2 -3 2 (Ans.)
2 2 3
i -3 4
D 12.Givend=| 2 -3 4 |obtain4™. [WESCTE 2011]
0 -1 1
Answer:
i 3 4
Given, A=|2 -3 4
0 -1 1
3 -3 4
A]={2 -3 4] =3(3+4)-2(F+4)=3-2=1
0 -1 1
1 -1 0
.-..4’=|‘T|Mj(,1]=—z 3 —4
-2 43 -3
(1+#a) 1
= 13, Show that | 1 {1+8) I =abc[l+r!-+-£+l]:a=h=c=ﬂ.
1 1 (l+c) W R
[WBSCTE 2013]
Answer:
l+a | I
LHS. |1 1eb 1 )
I | |+
POLY-EM
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! !
a h c
| 1 | )
=ahe = 4= = [lelng common 4, b, ¢ from ¢y.c;.¢, respectively]
1 1
— —_— ;-I-
a b- c
I+l+l+l l— l
a b ¢ [ e
N ) (R I 1 .
_uh:I.a -z-]-t:: | += . 1t1=c|+c2+c!]
]J_.lq...l__l l 1¥=
a b ¢ b c
¢+ 1 1
b -
=m[1+l+l+lJ i gad 1
a & ¢ c
1
1 =
b *f
) =
b o
\ Me' — o _
=ah¢(|+-‘-+l+ljn 10l Ry =iy =Ky
a e | | R =R, - R,
00 1‘
5T '
=abe I+-+—+—j.
a b
[’u 11
< 14, Find the inverse of the matrix | | 2 3 [WBSCTE 2012]
L o1
Answer:
0613 013
Let A=|1 2 3 [4=11 2 3{==1(1-3)+3(3-6)=1-9=-6.
il 13 1 2 .

MLT-EM
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= 2 B <1 2 37
Adj. (A)=| 8 -9 3 .-..ar‘=ﬁﬁdj{.4}=% 8 -9 3
-5 43 - . -5 3 -

DISIFAs symmetric matrix, then prove that A+A" is @ symmetric and

A~ Al is shew-symmetric, [WBSCTE 2013
Answer:

(A*AT)=AT +{AT) =AT +A=AsAT
and (A-AT)=AT-(AT) =AT-A=-(A-AT)

Henee [A + AT} is symmetric and (A - AT is skew symmetric,

= 16, Define Orthogonal matrix. Prove that orthogonal matrix is non-singuiar.
[WBSCTE 2013]

Answer:
IMany matrix A satisfy AAT =1, where |, is the identity matrix of the same order that of
A, then A is called are arthagonal matrix.

Now det(AA") = det{A)det{A") = (det(A))
IT A is orthogonal then, AA" =1,

or, det(AAT)=1  or, (det(A)) =1 or der(A) ==
S0 A is non=singular.

B =1 2
1 2 =l
> 17. {a) Evaluate by Chin's method - - [WBSCTE 2014, 2016}
3 2 |
[1 6 2
(b} Expression 4= 2 3 1| as a sum of two matrices such that sne of them is
\4 1 2
symmetric and the other is shew-symmetric. [WBSCTE 2014)
Answer:
0= 2 3
2 =11
a) A=
i 2 3
2 10

POLTY-EN
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-1 0 2 1
2111
=y 2 s
231 0
-1 0 l—t
z 1| |2
1 ||=1 o] |=1
=(Fn'{—l}": 11 \1
-1 0| |-
2 3 ‘z
=3 =3 J1 3
=(-1){-1 4 -6/=|1 4
-3 -5 -6 3 5
- Again by applying Chio's method:
13 o7
| 11 4[ li 6| |1
Ty Jl 17 '|4
35|36
b) We know,

I I :
A=5[A+.4’]+E[.4—,1 )

As, ?Il-(Aq-,«!’} is & symmetric matrix

and, %{4—4’} is @ skew symmetric matrix.

21
A+ A" =

I
2
%
l
2

B P = A b =

— had O == e ON

et

L

I‘JU"'-IMD'\“"
'N‘Lsawu'
T~ Oy e
(38 ]

= hed Pl — b fed

l [nterctanging 1% and 2™ columns]

[~ By Chio's method]

~=—15—4=—I9 {Ans.)

E S -
B oy ——

o O i

EM.36

POLY-EM

b | —
e O -

= 18. Find Adj A, iTA=

Answer:

1
A=42
[

= 19, (a) Evaluate by Chio's method

(b) Show that the matrix A:—;- -2

Answer:

oo @

L]

2 3
-4 5
1 0

[T

(=]
gl s )y
— ey ™
n
—_— e fad
L= -

—

= T e T —

=0 A T W
Gl = B e

[

ot == fd == b

= )

EM.37
[WBSCTE 2014]
22
=
£ |
[WBSCTE 201§]

= 345+ 33)-6(-204+3) - 6(24-9) = | -36 + 102 - 210} =144

1l
A== 2
) 1

-2

— B

POLY-EN
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-1 2 21[=1 =2 2] [9 0 0
Jagr=a 1ozl 1 :_—;[u 0 0| -1
22 1)|-2 2 1] (0009
-1 22 [-t2-2] o0
.-t".e:=l i 1 Z [—2 |2 =liu 6 0=
9 9
=2 2 1] |22 1] Tj009|
sAd” =.-]!11=f‘
1 2 3]
< 20 [f*:i-zL —4 3|, then find inverse of A ie, 4. [WBSCTE 2016]
6 1 uJ
Answer: §
| TR -
|4=2 -4 5| =1(0-5)-20-30)+3(2+4) =560+ 78=133
6 1 0
_ -5 .3 23]
.‘.A"':dfi‘:ﬁ}=% 30 <18 1
26 +11 -8

2 21 If A is symmetric matrix then show that P'AP is symmetric. (WBSCTE 2018]
Answer:
Let A is symmetric
Therefore A" =4
Now (P74P) =P A (PTY
=FT AP
=P AP[rA =4]

S0 P4 P icalso symmetric matrix.

3 4

0 11. WBSCTE 2017]
-1 4

= 22 Find the inverse of the matrix (

=
2 = ja

POLY-EM
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Answer:
2 -3 4
Let - 4=j1 €0 1
g -1 4
| 4]=2x1+3ed+4x(-1)=2+12-4=10
1 8 -3
Adj(4)=| 4 & 2 )
-1 2 -3
1 & =3
,r':-l— -4 & 2
19 -1 2 -3
2 0 3 4
0o 1 0 2 :
= 23, () Evaluate the determinate A by Chio's methods.
I b 4 3
23
(b) Express A=|3 4 5|as sum of two matrices such that one of them is
5 6 7
symmetric and other is skew-symmetric matrix. [WBSCTE 2018]
Answer:
|2 ﬂ| 2 ;‘ 2 4
20 3 4 o 1] o 0 2
a}Wchave.—I=ﬂ 10 1__|__1: 0 23 z 4
s =1 0 2|5 -1 5 5 2
I 0 4 3 2 2 3[ 2 4
1 j 1 4 3
2 0 3 4
[ £ WA e -2 —Iﬁ\
==y -2 =15 16 el o 1 .
0 5 Z
0 51 0 2
B I _:41 =L 1204 230)=158
4 2110 4 .

POLY-EM
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b) Refer to Question No, Ifa) of Long Answer Tvpe Questions.

l+a | |

S 2. (a)Showthat| | 1+5 1 |=abc+ab+hotca [WESCTE 2018]
| | T+e&

2 - =
{b) 1r .-!;[, ,‘J. then show that 4° -44+ 70 =0, where .".=L; ?:| and
3 2 2 i

- [0 0 '
u=[n D}andhenﬂnnd AL [WBSGTE 2018, 2019]
Answer:
1+a 1 ] T+a 1 1 R -
:)1I+b|=-nhﬂi ‘]
1 ] l+e -a 0 ¢ =R -
1
={1
v oo 4 <[
=(l+a)bc+agc+ab
=abc+bo+cg+ab  (Proved)
b) Given, A:\.z HIJ
i 2
s [ 1 =47
e
[12 IJ
1 -4 -
iy n ]4.” . +?['°]
121 L 2 01
= g g] 0 (Proved)

Now, A" -44+71. =0
|
s =( 4 —44)=-1
o 34 -s4)

d a1
P CT LSR8
g [7’?;'

POLY-EM
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= 25 If A and B be two square matrices and given that AB = A and BA = B, then -
that A™+ B? = A+D, [WBSCTE 2018]
Answer:
LHS= 448
[ A=A8]

=(ABN AR+ BAKBA)

B=P84
= A{BA)E+ B{AB)A (By associative law of matrix multplicaton}
=ABB+BAA =[AB)B+({BA)A =AB + BA
= A+ B (Proved)

1 I 1

S 26.(w)Provethatla  §  y |=(e-ANB-5)(r-a). [WBSCTE 2019]
ﬂ'} Iﬂ: r'_'
Answer:
R (R
g r
al gt p
1 0 o .
g € =C,-C
“ - =
1 = e
a.z ﬁz_al ?:_ﬂ: ('; Cw CI

- f-w r—a
IJ.J_"; r"—a'l
|

-(ﬂ a)lr - EilE:I,!‘I'H:.'- r+ea

A\f-a)(y-a)(y+a-F-a)
:{,f} - :r}[,r -r.z](r— )
“a-A)Np-r)r-a)

Expanding with respect 1o &

Moo,
=

= (b) Show that the matrix .I-—--;

Bt = el

I

]
5
-

2 | s orthogonal, ie, 44’ =4"4=1],,
1

hence Gind A . [WBSCTE 2019]
Answer;

1" Pare: Refer to Question No. 2 of Long Answer Type Questions.

FOLY-EM
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2** Part:

An orthogoenal matnx is a square matnx whose columns and rows are orthogonal unit
veclors.

LAA = AT A=1,, where ] is the ldentty matrix

This leads to the equivalent characterization: a mawrix A is orthogonal if its ranspose is
equal to its inverse.

ad =a"
Il 2 =2
1 0
2 27. Evaluate by Chio’s method R [WBSCTE 2022]
I 0 =1 ©
Answer:
oy
D 2 =2
LI
2o 1
1 0 -
2 1 =2
10 -
=(-1 Interc 1™ & 2™ columns
(10 a1 i [Imterchange ]
g 1 -1

=
B s
_—
gy oy
T
==

iR LR =Y 2 wiiy
={hi]:“?{1 -ZJ b 1l lo 1 [By Chio's method]
lz | B ) -z[ 2 =
o1 fo —f jo
-1 2
~(-0)ila 2 2
27 =2
=1
=(_%],2_4 1o [Taking common factor 2 from 2* & 3" column)
2 =11

POLT-EM
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T
= |j~¢ | |4 1
—{—_31—} W T [By Chio's method]
2 -|‘ 2 €|I|
13 -l
2 -k
=—2(3-1)
2 -
|
=il
> (~4)
=1

= 28. Solve the equations by cramer’s rule x+y+z =3; 2x+z = 5; x+2y =-1.
[WBSCTE 2022)

Answer:

x+p+z=3

2x+z=5

x+2p=-1
Lok i

A=2 0 1 =1{0-2)-1{0-1}+1(4=0)=(-2)+1+4=3
1 2.0 )

A, =|S 0 1|=3(-2)-LI+L10=3

A =125 U=y )=3(=1)+1(=2=5)=1+3-7=(-3)

Ay 3
L te—m—={-]
[ ==

k1
A =2 0 5|=1(-10)-1(-2-5)+3{4-0)=-10+T7+12=9
I 2

POLT-EM
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- 9
A3

8o, the eguations have been solved by using Cramer's rule, r=1,y=-1:=3

0 -1 0
= 29.FindA™ifA=|1 1 4| andshow that AA™" =1, [WBSCTE 2022)
g -1 1 ;
Answer:
0 -1 0]
1 1 4|
0 -l |J

|4 =0(1+4)-1(1)+(-1-0)
= 0-1-1 =(-2)

g i u‘| » 5 1 -1l
Ada' =1 | 41.{'——]—1 g 0
0 -1 1] a0
0 0+1+0 04040 0+0+0 |
=[—;15—I—1ﬁ 14040 -14044 heooo.
T O+1=4 0+0+0 O+0+1
1 0 01

1
:['EJ -12 | 3|, =1y [Proved]

POLY-EM

Determinants & Matricos

EM.45

= 30. Salve the following system of linear cquations by Cramer's Rule or Matrix

Inversion method

2x+5y+3z=5
Ix+ p+2z=5
x+2p~-2=0
Answer:
Given system of equations can be written in the following matrix form:
AX =48
fz 5 3 x] 5}
where, A=|3 1 2|, X=|y| B=|5
1 2 - zJ 0|
Mow by Crammer's rule we get,
F 53
51 2
x=|;r1]=n 2 1] -35+55 30
T4l |25 3] -w0+33+7 30~
3 1 'z
I 2 -
2: 5 3
- |
Al 0 < ses
J'_Iml_ T T
5 5
s {
cAhl 11 2 0| 2545 3,
T4l 3 30 300
i=], p=0, r=]

[Mode| Question]

FPOLT-EM



Chapter 2: Co-ordinate Geometry "

Chapter at a glance:
2.1 Co-ordinate Geometry definition:

Coordinate geometry (or analyiic seometry) is defined as the study of geometry using
the coordinate points. Usnp coordinate peometry, it is possible to find the distance
between two points. dividing lines in min ratio, finding the mid-point of a line,
calculating the area of a rriangle in the Canesian plane, etc.

2.2 Co-ordi lane:

A cartesian plane divides the plang spece into two dimensions and is useful 1o easily
locate the peints. It is also referred to as the coordinate plane. The two axes of the
coordinate plane are the horizontal x-axis and the vertical y-axis. These coordinate axes
divide the plane into four quadrants, and the point of imersection of these axes 15 the
origin (0, 0). Further, any point in the coordinate plane is referred to by a point (X, y)
where the x value is the position of the point with reference to the x-axis, and the y value
is the position of the point with referenice to the y-axis.

The properties of the point represeated in the four quadrants of the coordinate
plane are:

« The origin O is the point of inersection of the x-axis and the y-axis and has the
coordinates (U, 0).

« The x-axis to the right of the origin O is the positive x-axis and to the left of the
origin, O is the negative x-axis. Also, the y-axis above the origin O is the positive
y-axis, and below the origin O is the negative y-axis.

« The point represented in the first quadram (%, y) has bath positive values and is
plaited with reference to the positive x-axis and the positive y-axis.

s The point represented in the second quadrant is (-x. ¥) is ploted with reference |
lo the negative x-avis and positive y-axis.

s The point represented in the third quadrant (-, —y) is plotted with reference o
the nepative x-axis and negative y-axis.

« The point represented in the fourth quadrant (%, —y) s plotted with reference 10
the positive x-axis and negative y-axis.

Co-ordinate Geometry EM.47

Weaxin
ks

11-Liveacldant §-Qraiadrgni

T ’ T
1

ane o

H o ah B B h
=,

Tiouan]ant 1Y fundfan

L S i by, —y

Fig: Co-ordinate plane
2.3 Co-ordinate Geometry Formulas:

L. Co-ordinate Geometry distance formula:

The distance between two poinis (x,, 1) and (%, ».) is equal 1o the square root of the
sum of Ifrm squares of the difference of the x-coordinates and the v-coordinates of the two
given points. The farmula for the distance between two points is as follows.

D= J(.‘CJ mt.] r t+ (.1"1 =4 ]:

2. Slope formula;

The slope of a line is the inclination of the line. The slope can be calculmed from the
angle made by the line with the pasitive x-axis, or by taking any two points on the i
The slape of a line inclined st an angle @ with the purn_-:irive X-axis is m=@né. The s]rrl:é

af aline jlliﬂiﬂg the 1wo pnints {tl o ] and {ﬂ;: ..p__] is cquni b = I..."': =¥}

(x. 'x.]'
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¥i=Yi

X-axiy

( Short Answer Type Questions )

A. Choose the comrect answer from the given allematives in each of the
following:

L The curve y =|xis symmetric about

[Model Question]

(a) x —axis {h) y —anis {c) origin {d) none of these
Answer: (b)
2. 1fthe equation of parabola is 3" = | 6x then directrix is [Model Question]
{a)3x+4=0 bix+2=0 (c}ix-4=0 {dyax+3=0
Answer: (¢}
B ‘.I'h: eccentricity of the hyperbola 9x° — 16y° = 36 is given by [Mode| Question]
2 = (€) = 2
(a) 3 () P ) 3 s
Answer: (3)

4. The gradient or slope of the curve y=3r" —2x+§, when x =0 is [Model Question]

{a)6 (b1 (c)d (d)-2
Answer: (d)

POL-EM
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% The eccentricity of cllipse % - }I =1 is

2 [3 2
(&) J; (b) 45 (e) 3
Answer: (a)

6. The focus of the parabola x* =4by is

{a) (0,0) (h) {D.b} fe) (&, 0)
Answer: (¢)

7. The focus of y* = 36x is

(a) (3,0) (b) (9,9) {c) (3,9)
Answer: (b)

8. Parametric co-ordinates of the parabola y* = 4ar is

(a) (-af*,~2at)  (b) (—ar’, 2ar) () (e 2ar)
Answer: {c})

9. The eccentricity of the ellipse 32" +41° =24 s

1 3 |
{a) T (b} 1 (e 3

Answer: (¢)

W (yeaf
10. The eccentricity of the ellipse b—ﬁ'}— 1—% =1 is

3 i
(z) 5 (b) 3 ()

A | ke

Answer: ()

1L, The lntus rectum of the parabala v' = ~16x is

{ard (b)-4 {c) 16
Answer: (d)

EM.49

[Mode| Question]

{d) =

[Model Questian]
{d) none of these

[Model Questian]

{d) none of these

Model Question]

{d) none of these

[Model Question]

@Z

[Model Question]
{d) none of these
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12. The curve y=|x is [Model Questian]
{a) differentiable everywhere (b} discontinuobs at x=0
(c) not derivable at x=0 {d) none of these
Answer: (d)
13. Thedirectrix of the parabola (y-3)° =Ba(x-5)is [Mode! Questian]
(ay z+a=5 (b x—-5=a (e x+2a=S5 () »-5=2a
Answer: (c)
. .
14, The eccentricity of the ellipse o -? =1is [Model Question]
4 16 5 +
2 B — il i
fa) —< “35 (€) 3 (}5
Answer: (a)
15. If e is the eccentricity of a hyperbola, then [Model Question]
{a)e=0 Me=1 (cye=>1 (dye<t
Answer: (c)
16. The eccentricity of the rectangular hyperbola is: [Madel Question]
|
(&) — (b) 2 ()2 {d) none of these
V2 . _
Answer: ()

17. The length of latus rectum of the hyperbola 9% ~ 25" =225 is  [Model Question]

9 18 10 5

= e = d) =

{a) % (b} s (] 9 { :'9
Answer: (b)

18, If the straight line y =mx+¢ be a tangent 1o the parabola ' =dax, then

[Model Question]
(B c=m () e =m 1}:':ﬁ'c~=E [d) none of these
m
Answer: (¢}
POLT-EM
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B. Answer the following questions:
19. The area of the region bounded by y= 2x —x* and y=x is

Answer: &

Required arca = E[(z:- )= r}dx

- [l [5-5] - Hsaumie

TWBSCTE 2022)

20. Check the co-linearity of the points: (2,5), (0,0) and (-1,-2.5). [WHSCTE 2027)
Answer:
(2,51 (0,03 (-1,-2.5)

AB= J(0-2) +(0-5) =va+25 =25 =247
BC = {f(-1-0) +(-25-0f -J725

AC= J(~1-2) +(-2.5-3) =9+3625 =65 35
Since, AB+BC = AC

27 440125 = 6525

Or, 7.98 {= S.E}{’I} =807
(2,5 10,0) and (=1,-2.5) are co-linear,

21. Find the angle between the lines x+2y = 5 and v= 21, [WBSCTE 2022]
Answer:
Xx+2y=5
Sdy=—x+35
x 5 5
= y= 2+2 weckd)
y=2x ..(i)

We know that equation of lineis y =mx+c¢ . (iii) [Where m = slope of a line]

Comparing (i) & (ii) We get, m = i‘—vﬂ
Comparing (il) & (lii) We get, m=2 B

- Multiplymg the slopes of line | and 2, we get, (-‘:]H 2=(-1)
. The angle of the given lines s 907, :

POLT-EM
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1 2
22. Find the length of the semi- lntus rectum of hyperbola :—_+j— =1.
AT

[WBSCTE 2022]
Answer:
(P A0
25 16
La=5b=4
. Length of the semi-latus rectum of hyperbola = l.f-
a
_,(y
5
L6
I~
32
-'-'5-_

-

( Long Answer Type Questions )

S LA straight lime forms a right & right angle triangle with the coordinate axis. If
the area of triangle is 6 and the hypotenuse is 5, find the eguation of the straight

line. [WBSCTE 2022]
Answer: e

Here, ¢ =5 unils,
=~ We know,

H}"pﬂtcnuse:= beightz+ base’
=’ =4" 44
= (5] =a*+ 4

=0

I ;
= height < base =2 square units.

=P-i—#ﬂhb=ﬁ

[raxE=izumi]] (i)

PRLT=IM
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On solving both equation, we get,

25-[12] 1o
]
=>zs='bif+b=

=258 =144 4§t
—=h"' - 250 + 144 =0
" ®
:b_:zs 13

25413 13

ib i b=
2

=19 and =6
o, The value of b= 19,6,
Which means when bis 6 then a will be 19,
Hence, equation of line AB will be
X ¥
-nq-'—-—_i
b a
:}i.;.l:]

5 19

= |9x + 6y =1 14] This is the required equation of straight line.

< 2. Find the volume of the solid generated by revolving; the area bounded by the
curve y = sint,x=0x= % about the x-axis. [WBSCTE 2022]

Answer:
Area of a curve, A=gsin’ &

Yolume, ¥ = E:rsin’ Xy

=J.|.L:']___m_sﬂdr = r.é _[:‘.h-—% Ewi:‘.m =2 ;_—':._!_

Jl!l

¥

Let, /= [? cos2xey [Let,u = 2x
= Icua u# = du = 1dx
= % Icmm’u = dy= %u—l

POLF-EM
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=
I
Ia s

a
Nk

{2x—sin 3:)];

(27 +sinr -7 -sinlx)

L}
e T

I
P
———
™
I
=
nl.
=
—"
il
:-i“,_,

< 3. A circle has radius 4 unit and its center lies on x+ y=0 and it passes

through (1,1). Find its equation. [WBSCTE 2022)
Answer:

A{L1) lies on theitcle - r=[Ac]=2=J(h-1)" «(k-1)’
=16=(h-1)" +(k-1)

SR =2h=-2k-14=0 e (1)
Center Crh. ki liz on the given ling,
k=3h+7

Putting valuwe of k in (i), we get

B+ (3h+7F =20 -203h+7)-14=0
=10k +34h 421 =0

. -34+,[34° - 4(10)(21)

20

_-34£4316 )
20
e L)
1w
e 4 =3[‘-—[7;]ﬁ]+7

=51+
Sl L
10

POLY-EM
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194379
S e
Now equation of cirele with center at

(-ln.fﬁ’!h}ﬁ]

10 10
and radius 4 is
I _ 2 i q‘z
LI.;.”WF_PJ +[}._%7_'_J =16

And equation of eircle with center at

[-17—@ w-}fﬁ]

0 " 1o

and radius 4 is ‘
3

17447 ) 19-3J79 ) _

PO i KA (B IO - d L PR
[0 10

= 4. 17 the straight line 3x + 4y = 1 is a tangent to the parabola y' = dax, find the

value of a. [Medel Guestion]
Answer:

If 35+ 4y =1 isastraight line tangent with y° = 4ax then the coordinate of the point of

. -3x . o
tangency will satisfy both equations, Substituting v = * in ¥ =4ar we gel -

(1-3x)°
£ -

It is a quadratic equation of x Here equation has two roots. If it is a tangent, then roots

ure equal. Condition of roots being equal are, &° - 4ac =0

Here b =6+ 64a), a=9, c=1

s |- 16+64a)f - 4x9x1=0

deam or, 1 + 9" — fix =64 ax ar, 9 = (6 + 64l + 1 =0

or, [+ 64a)] =6 or, —(6+64a) =6
12 3

= 2 = —

of, =0de = +12 or, 4 e 3

[Aliernatively, condition of an equation becoming tangent of a parabola is ¢= -:—1 Here

:] |

e ——, @f==

4
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1 a 3
sL—=—— 0L da=—— ora=-—]
4 —3:¢ 3 16

< 5. Find the equation of an ellipse for which the principal axes are along the

|
coordinate axis, the length of latus rectum is 4 unit and eccentricity is 'i

; [Model Question]
Answer: )
2H?
Length of latus cectum=——=4 O 1%
a
Eccentricity ()= e—4 1 . i kD)
a’ 3
p S T
From (1), a=—4-=T.Subsmu1¢m(2:|
]—i:l
a 3
(o 1 8 ]
or, — e or, a=—r
a” 9 9 95"
4
or, '{’—:i or, gk =32
4 a9y
2
or, &'—3—'
9
bl =1J§-=1£
o 3
i g* g 2
. T = — =
9’4-5 i2¥2 32
&
. Equation of ellipse is —
I—+‘i'—'j—! d
a kb
i 3 W2 3y
A —=] or, + =]
el 2 +q 2 & 442
Wz T3
ar, = éE——=]! or, 120% +3y" =442,
2 442 :
POLY-EM
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< 6. Thecurve y=Ac+ Br' passes through the point (1, 0) and its gradient at the
puint is -%.Find the values of A and 8. ' [Model Question]
Answer:
y=dAx+ 8x*
v dx o dtt 1
oooSlope=—=Ad—t F— = A+ 2y =—
R T S =3
or, A+18(1) 7-12-
or, 24+48=1 e (1)
Paint (1, 0 is on the curve, So coordinates of this paint will satisfy equation.
y=d(1)+8(1) .
ar, A+8=0 o (2)
Substituting 4 =—8 inequation (1)
24+48=1
ar, 2-By+48=1
or, 28=1
ar, B:l
2
.

2

< 7. Find the equation of the ellipse which meets the straight line -;- - %'=1 on the

axis of x and the straight line #‘_}+{=I on the axis of y and whose axis lie along

the axes of co-ordinates. Determine the eccentricity and the co-ordinates of the

foci of the ellipse. Model Question]
Answer:
Since axes of ellipse lie along the uxes of coordinates, the equation of ellipse will be
't—. + E— =]
a W

Further ellipse is meeting straight line %J«"E =1 ot x axis where y =10,
S0, == an, x=T,

Substituting (7.0) in the equation of ellipse -
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?:

-71'".—=!
A
or. @ =49 also ellipse is meeting l}+"—;-1 line aty axis where x=0.50, y=5.

Substituting (0,5) in ellipse equation we get,
L

a F

or, B =15

1 - A
. Eccentricity :e:,‘hb—_ = ’1-£ :JE =“_"E
) a 49 449 7

Faci =(+ae,0) {:nz“?'rg,u]:{:zq"ﬁ,u]

2 8. Find the equation of the normal to the parabola )7 =3y which is
perpendicalar to y=2x+4. [Model Question]

Answer:

Here normal is perpendicular 1o y = 2x+ 4 which must be tangent with parabola. Tet the

coordinate of the tangency point is (x,, ) and ‘m" is the slope of narmal curve where

m=-2,

2a

Here m=2 [Since equation of perpendicularis y=2x+4]

. and a=— [Since equation of parabola is =3z, therefore 4a=3]

Y
34

i3 _
o, - or, AN =

Substituting y, =—% in the equation y = 2x+4

- Equation of normal is -
(y=y)=m(x-x)

3 11 3 11
ar, [ = |=2| x4+— ar, p+—=2x+—
'.}‘ 1] ( 4} b

POLT-ENM
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or, y=21+% or, y=2x+4.

< 9 Find the co-ordinates of the vertex, length of the latus rectum and the
equation of the directrix of the parabola x* + 4x+2y - 11=0.  [Model Question]

Answer:

Fadx+2y-11=0

or, (¥ ~2(x)(-2)+(2)" )+ 2v-15=0
or, (x=2) =(-2p+15)

or, (x-2) =~2[}‘-E]

2
I 15
or, (x—27 = 4{ - EJ(’“ - E}
It isaparabola equation of

(x—a)’ =-4a(y - fi) type
Sl ﬁ:% and a =—;-
15
soowvertex (er, Tl = 2.—:{

I
Length Latus rectum = da=dx e 2

’ ; i 1 15
Equation of directrix = y—=a=# or, § —m = o, p=14

= 10. IT the area of the cirele increases at a uniform rate, show that the rate of
increase of the circumference of the circle varies inversely as the radius.

[Model Question]
Answer:
Areaof circle= wr' r = pidius
Change in area of circle = d:r- = 2mr = alconstant ) - AN
wr
d(2xr)

2 a i
Change in clreumlerence = 2z =—(from(1)) [Circumference = 2xr|
r

n

Equation (2) indicates that ns arca of a ¢ircle increases ot a uniform rate ‘a’,
a s -

circumference will increase at —. 5o rate of change in circumference is inversely related
F

with "#'.
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2 11 The vertices of an ellipse are (-1, 2} and (9, 2). If the distance between its foci
be 8, find the equation of the ellipse. [Model Question]

Answer:
Since coordinates of two vertices are (—I, 2) and (5, 2), therefore coordinaies of tentre ‘e
will be, .

~f& Zd) oo

[ > g ]- i4.2)

If coordinate of centre ‘c’ is (@, f) then, a = a, #=2

3 L, ASTS o
i i
L] t o
Lot s
il FoN
MEET N . C—M\m,n
:'I""""-L-\-._____| !
1 L]
1 L 1 i i | [ i 1 A
A | TZs es &5 8 3
o

Distance between two veriex is major axis. It is a 2a
~2a=10 or, a=5

Further, distance between Foci is 2ae.
2 20e=8 or, ge=4 or, r:—g

S-I'l‘h:l! eccentricity {e] = {ej = I_b_;
a

A
a 3
‘-' 9

or, b—zl——'-{—;—uu =3
25 25 25

*. Equation of ellipse is —
(x-a)y (-B) _

I
o b
(x-4)* (y-2)
e —— T :]
5 3*
2 g I__ H ~
o ¥ B:+lﬁ+y 4_;1-4:]
PL g

FrdL BN
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or, 9x? — 723+ 144 + 25y — 100y + 100 = 225
or,  9x'-T2x+25) -100y=~19

= 12. Find the equation of the parabola whose vertex is (=2, 2) and focus is (-6, 6).
[Model Question)

Answer:

Consider above dingram. Focus [s point S (6, 6) and vertex is point A (=2, 2). Line XA

is extended further and a point Z (4, £) is taken on the extended part where AZ=AS,

5(-6,6) .
Aty N[
T T 1 ] | 1 ./d-m
& 5 4 32 -1 0 b
Ve
Since A is the mid point of line 75, -2 = —G:ra and 3=&+ﬂ

Therefore, t=6-4=2 and f=-6+4==-2
Fuation passing through point (2, -2 is —
= f)=mx-a)
of, (¥+2)y=mix-2)
Line of this equation is directrix when it is perpendicular at 7. Here slope,
S o o e B
n-x 2-(-2) 4
Since direetrix is perpendicular, its slope will be -
mel-11==1 ie m=]|
Therefore equation of the directrix is -
(y+N=(x~2)
orx=y=4
Now we consider a poim #(x, ¥) on parabola. Then equation of the parabola will be,

POLY-EM
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X

I B ﬁ[.rl.r-B_n.wC'-
J:-_ ‘I'— ==

L 1{‘+32 I

Here dAx + By+C =0 is the equation of directrix. Therefore
4=|8=-LC==4, g=2and #=-2

Therefore, (x-2) * 4 (y—(-2)f = {22
(VT +(-1)
o x° —4x+4+_v2+4+-’|_1.-=I‘x-‘r:ﬂ
-2

of Ze° —Bx+ B+ 2y +3+H_l.'=.r3—xj|-—4.t—.t_1'+,v:+4:.'—4.r+4y+16
of, x* +y* +2xy=0 equation of parabola.

= 13. Find the area above the x-axis bounded byx-2y+4=0, x=1 and x=9.

[Model Question)
Answer:

x=2y+4=10
or. 2y=x4+4

F
or,y=—+12
¥ 2

Arca above x axis bounded by equation (1), x= 1 and x =9 is

f[-;-q- z]d.c = r{§]¢+ [ =% [ax=-2((2")
%[:%I 2 =%[§ _IE L2(9-1)

=20+ |6 = 3 sguare uniL.

2 14. Find the focus, vertex and directrix of the parabola * =4y —dx.

[Model Question]
Answer:
Consider the equation of parabola-
¥ =dy-dx
or,(y -4y + 4] =—4x+4
ur,(}-~2]= ==4{x=1)
From the above equarion we get-
a=1 =2 and a=-|

POLT-EM
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Therefore,
Focus(a+a.f)=[(-1+1).2]=[0.2]
Vertex (@, ff)=(1.2)
Dircctrix, x+a=a
x—1=1 B

< 15. Find the equation of the hyperbola whose vertices are (2, 3), (8, 3) and the
distamce between foci is 12, [Model Question]
Answer:

When centre of hyperbola is not (0, 0) the equation is,
= 5 =1, where (g, §) is the coordinate of the cenire. Since veriex are
¢

{2, 3) and (8, 3), therefore coordinates of the centre 13 (248)/3, 3 i.e., (5. 3).
Therefore, a=5, fi=3. .

Distance between centre and vertex is the value of a', Thereforea=8-5=13.
Distance between foci is 2ae =12

LInIxe=]2

|
=g

Now, eccentricity & = +h,
.

L =(a4=11x9=27

Therefore, equation of hyperbala is, @ - E-E--'H—} =
Pt 1

Sl - - W hp 39 =0

< 16, Find the points on the curve y = x+£ at which the tangents to the corve are

parallel to v-axis. [Model Question)]
Answer:

We have, y=x4 !
X
ay 1

or, e
- | = (43

POLT-EM
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o Y ;
Since Er represents the slope of the tangent at any point {x, ). Now the tangent will be

parallel to x-axis if g'l =0. 1

'y
Therefore, -d—‘t=(l gives, | -L,=ﬂ
dx I~
or, x=%].
Nowat x=1,y=2 andat x=-1,y=-2

Soat (1.2) and (-1, - 2) the mangents.of the curve y= L= parallel to x-axis.
x

< 17. Find the coordinates of the foci of the ellipse 317 + 437 =12 _ Mode! Question]

Answer:
(a) We have  3x7 +437 =12
H 4
or, x—-r!— =]
4 3
= 7
or, + =0 esinil B)

(2 (i)

Hence coordinates of the foci of the given ellipse are (2,0) and (-2, 0).

< 18. Find the equation of the ellipse whose latus rectum is 5 and whose

eccentricity is % the axes of the ellipse being the coordinate axes.

. [Model Question]
Answer:
-} X
Let the equation of the ¢llipse be x—:+':—1=] NI
a
S0 according to given conditions:
a
1 Sa
o, b=— 1)
2
e 8 _2
and{ii) l-—==
) ad 3
5 2
or; ~———=—|using (2

POLT-EM
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or, i-.--.j__i or, i—]-&
da 9 Za 9
3 _5 9
ar 2% = = ar, = E
. From equation (2},
b = 2 S ar, s
o 4

Henee required equation of the ellipse is
' 4y 29 %

1 o, —+~—=—

i = )
31 45 9 5 4

= 19. Find the latus rectum and the co-ordinates of the foci of the equilateral
hyperbola x° — ' =25, [Model Question]

Answer:

We have x° =" =25

So the length of the latus rectum of the given hvperbola is 285 =10,

Coordinates of the foei are [5 |+% ,U] :{ﬂq’f. {i}
’

< 20. Find the equation of the parabola whose focus is at the point (3, —2) and
directrix is the line 2x - p 4 3=10, [Model Question]
Answer:

Let us assume a point £ with coordinates (x, v) on parabola. Its focus is (3.-2)at poim p
Ordistance PS = J{.r— 3w (w2 .0)

Now equation if Directrix is 2v - p+3=0,

So A=2 B=-1 1)

Ax' + Byde | 2r-y4]
e e

JA* 4 B J:‘ +(=1)
Since in parabola distance (1) and distance (2) are same, therefore,

J{m__h- y+ 3

441

{2)
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(x=y+3)
5
m,,[ ~fx+9+ 3 -r-ah-raﬂ f-u —2xp+bx—Zap+ 37— 5y 6:--1”9]
or. 5x° —30x+45+ 5y 420y +20=45" - 2u_r+61—__u-+ P =3y 46 -3y+9
or, ¥ =42x+4y" 4 26+ 564 Sy =0
ar, l:.'(: +-1.t_1'+4_'."']—41\'+ 26y +56=0

or, (x+ 2v)’ = 42x-26y-56

ar, (x-3) "+(y+2f =

= 1. Prove that the straight line 3x+35y=12 is not a tangent to the ellipse
it 4y =16, [Model Question]
Answer:

; R
We know that the condition of tangency for the line y=mx+¢ to the cllipse o - % =]

s c=+a'm 4B,

s 16 16 3 7]
H ‘ = =—Z,0=—,
il T
Now mrdmg to the condition:

o 102 10 12
=% - 5-

Henee the given line w:ll not be a zangem to the ellipse.

= 12. Find the equation of the parabola whose focus is (2, 1) and directrix is
Jx—y+i=0." [Model Question]

Answer: .
Let P(er, B) be any paint on the required parabola.
We know, for the parabala; PS = PM, where S denotes the forces and M is the

Foot of L" from P to the directive.
-4l
_“F"-—_
I+l
or, Iil[u:—h+ﬂ1 ~ 2+ 5]={3a— J4 Ir
of, @ +94° —bafi-46a-18f+49=0
Hence the equation of the parabola is x* —6xy+9y" — 4618y +49=0

ur.{e:r—lfﬁ,ﬁ—t}":[

< 13, Find the directrix of the parabola whose focus is (3, 4) and vertex (0, (),
[Model Question]

POLY-EM
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Answer:
Let the equation of the parabola whose vertex is at (0, 0) be
yisdar .. (1
Since the paraboln passing through the point (3, 4) therefore,
. 16 ={4e).3
or, 16=12g
16 4
ofy, g=s—z==—
12 3

So the equation of the parabola is 3" = 3¢

Therefore, the equation of the direcirix is 1-+-;1;I] ie. 3x$4=0

< 24. Find the equation of the normal to the curve y =2’ —3x+5 at the point (1,
4). [Mode! Question)

Answer:

We have, y=2¢"=3x+5

a1y
So the equation of the normal, at (L 4)is (v—4)= -::-{z—- §]

or, {y-4+x-1=0
or, x+3p=13

:5 15, ) IT the ellipse a—-a-}:— =| passes through (=3, 2) and iis eccentricity be J_

then find the length of latus rectum. [Model Question
Answer: !

IT ellipse passes through (-3, 2) then the coordinate of the
: roug point will satisfv the equat
of ellipse. So substituting x = 3 and ¥=2 in the equation of ellipse, e

Now eccentrically [r]_-.,lh 2 -_J;
a

P LI
.
b I
N —=]em=—= -
a 55 (

FOLY-EM
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Further ellipse is passing through (=3, 2). Therefore equation of ellipse s satisfied by the
co-ordinates of this point.

&

—_— |

a B

';"':}: =i
B

_37
or, ~r‘—!]—+
)

by

Substituting b ="”T of equation (1) and (2),

P SRPRL B
N a Za a a
5
ar,]—?+|—g=l or, a =19
a a
pola _2x19 38
s A
- ’4_1 L _ﬂ
. Length of latus rectum = =Rty e

2 b) If the centre, vertex and eccentricity of a hyperbola be (2, 4), (6, 4) and J5,
then find it¥ equation. [Mode! Question]

Answer: ) )
. . (x-a) (y-8) ;
When centre of the ellipse is not (0, 0}, is equation is (—a;l—ETl-ﬁ where
(@ f) is the coordinate of hyperbala.
Since coordinate of centre is (2, 47, therefore o = Z and i =4 )
Further vertex is (6, 4). It means distance between cenlre and vertex is 4. Soa=6-14
2 & II'F; i
Fimally cecentrically, ¢=.J-ﬂ - =5
i
i 2 2 ]
A o' ¥b =5 ur,HF—;sS or, h—_,=+-1
S G o

R 2t 4(4]1 =164

2} (y-4)
Therefore, equation of ellipse i"{l_el‘-]_"[yaT] -1

ar, 4(x*~4x+4)-(1"~Hy416)=64
FOLY-EM
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or, A4x°-16c+16-y" 1By |6=5h4
o, 45 =16x-8y—y' —64=0

< 26. a) The equation of directrix of a hyperbola isx—y + 3= 0. Its Tocus is (-1, 1)
and eccentricity is 3. Find the equation of the hyperbola. [Model Question]

Answer:

Let us assume P s a point un the hyperbola with coardinate (x, y). Distance of focus

1. 1) frem Pix, y) is

=Vlr(x+|-}:+[_l-'—l)= ﬁqrr"‘+21—] + 7 =2y+1]

=Je s r2-2ps2 (1)
Also distance from directrix x— v+ 3 and point P(x, y) is -
_x=y+]
41
X=p+3
== 5
NG (2]
; [histanece |
Smneg, ————=¢=3
Dtstam:e_l ) '
L i L LTI 1
N - . -1
XY—y+3
J2
2 5{.1}*-]' pAx—2y+2 =i
X—V+3 JE

D [ X o NS, -
Fowpddr-xy by D4 3x—3y+0
or, 20x* + ¢ 4 2x—2y+2)=9(x" + 3 =2y +6x—6y49)
or, Tx® + 75" —18xy + $0x - 50y - 77 = 0 Equation of hvperbola

or,

g
2

[y i du du ¥
by Hu= '-]1' = ] rove that 1 — + y— — ‘_]
) “’[ = WL' P “dx +) & rﬂ'[x [Mods! Question]

Answer:

S22l
Ao 22

POLY-EM
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= 27. In the hyperbola 93" —43° +354x-161-29=0, find () co-ordinates uf

centre, (i) length of latus rectum, (iii) eccentricity, (iv) co-ordinates of foci.
(odel Question]
Answer:

O —d)7 + Sdr+16y+29-0
o, (0% +293x+81)-(4y° —2:42y=16)-36=0
or,  (3x+9) —(2y-4)' =136
ore  9(x+3) —4(y-2) =36
G I )
T

5' 4

_[;+3f_{y-u‘=
' g

4

Let us assume x+3=JX and y—
coordinates of centre will be (-3,2).
Now equation of hyperbola is -
C ol ol
4 9
Here: o'=4, 5=

9
3 1 A
.. Eccentricily e= qu = i_ti - JE
u 4 4

.- Co-ordinate of Focus (considering X and } as axes)

=(m¢,ﬂ}=[ﬂ-E.ﬂ]=(i:ﬂ—3.0}

- Co~ordinate of Focus (considering x and v as axes)

=1 where X and ¥ are axes of hyperbola, then

POLT-EM
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X =*_--J']_i
(-32413,0) or, x+3=1J13
X= —Si\lﬁ
apd
Length of latus r«:*.:ti.u'nzi:2'—;'1;i =4
a

2 28. 1) Find the equation of the parabola whose vertex is (-1,3) and the focus is
(3.=1). [Modei Qhestion]
Answer:

M)

@s| "

S

Here ,{{—I.H) is vertex and S{B,—l} is focus. As line is extended upto 24, so that

ZA= AS . Let coordinate of point Zis (a. £).
Here A {s the mid poaint of the line ZS.

s La=-lx2-F=-5
2
!?ﬂ P WL

MNow equation of a straight line passing through pint Z is
(y-f)-m(x-a)

or, (y=7)=m(x+5) e}
Here equation (1) will be directrix only where it is perpendicular mt poim *Z" wiih line
AZ
.. 3-a 3-(-5) 2 1
Here slope of 42 line is= = ==
ereslope o ine is W S A S

o (Slope of directrix) (slope of 47 line)= -1
ar, ma—::-=—l or,m =i

- Equation of directrix is {y-7) = 4(x + 5)
0, y=dx+12]

Now cansider a point #(x, y) as the parabola. Then PS* = pm’

POLY-EM
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(x=3) +(p+1) =l

dx— 1 +27

i

2‘;2—{u+9+_1"+3|.'+|]=[I€ir: —dyy - 1082 — 414+ 1F =275 4108x - 27y +729)

o, 26° =12 £ 18+ 29" + 40 + 21627 — 8 + 2165 4 3 — 4y + 729
or, 14x" 8+ 228x— ¥ — 58y + 709=0 — Equation of parabola

< b) Taking the major and minor axes as the axes of the co-ordinates, find the

"
equation of the ellipse whose length of latus recium is % units and co-yrdinates

af one focus are (3,0),
Answer;

i} »
(I;anm:ih—zgi
a -
B 16
ar. —=—
a 5
; 5 = 16a
(2) Focus (ae.0)=(3,0)
Here @e=1
Sinee  e- | -,b'
=
a I—b—;=3
a
o, ;‘?td;’,ﬂ. =8
& —h =9
Subslituting & :-l-ii in (i)
o tea
5

or, Sa° — 162 =45
er, Sa' —252+9a-45=0

Sa=3 o .
5
Substituting a =5 in eguation (ii)
a =k =9

[Model Question]

()

(i)

or,Sa —16a-45-10
or, Sa(a-5)+Ha-5)=0

POLF-EM

Co-ordinate Geometry
or, 25-b' =9 or, A =16 or, b= 14
. Equatien of ellipse is -
3 ¥ 1 B
i:+~':r7r-1 or, S
a b 25 15

EM.73

< ©) If & and & arc the foci and P be any point on the hyperbola ©* — 3 = &,

prave that SP-S'P =CP" where C is the centre of the hyperbola.
[Model Question]

Answer;

Let us considera lyperbola with Foci 5. 8" and C centre of hyperbola P is a point as the

hyperbola with coordinate [Ii ¥ } i

We have to prove that PS = PS’ = CP?
Co-ordinate of point § =(ea,0)

. — |' b
Co-ordinate of poinl §'=(-ea,0)where e = |1 + —
=

Since hyperbolais o' — v =a®

]

X _ »o
a o
b =u

i
. point § ={ﬁu.l}l: paini § = {-.Eu,n}
We know that 8P =ex, —a = -ﬁx, -pand S'P=ey, +a = Ji\', +a
P8P = (V2y, - a)(V2x ta)=2¢ -a’
Now (" being the eentre of hyperbola has coordinate (0, 0)
(4t LS S THE S TS L
=24 o' =SP-§'P (Proved).

POLT-EM
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2 129, a) Find the equations of the tangeni and normal tw the 1 curve
p=x"—4x-2 at the paint (§, 3). [Mode! Question]

Answer:

Given equation of the curve y=3" -4x-2

Derivating 1t with respect to x

:_;F_| =2x-4

i s

AII:i%:EuS—AI:ﬁ:mI. It 1s the slope at paint (3, 3).

Therefore equation of tangent is,

(y-x)=mir-x)

or, (¥-3)= 6{x=5) or y—6x+27=0

Let slope of normal at point (5, 3) is ma: Then -
mam, =—1 or, 6my, =—1

et
iy =

Therefore, equation of normal is —

1
(y=3)=mylx=x) or (y-3)=-=(x-5)
Lbp+x-23=0

= h) Find the area of the region bounded by y=x', y-axis and the straight line
y=4, J [Mode! Question]

Answer:

Area bounded by parabola y = x°, y axis and y =4 is shown in the diagram below-

. Consider the diagram._ Area is the resull of following integration.

4
4

!Iﬂ'j’:]qf;@: -"'il :§|:J.:l:-[dﬂ:%xﬁ:?&].uuhs

1a
|2

PrLY-EAL
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= 30. a) Find the equation of the parabola where vertex is at the origin, the axis on
the p-axis and which passes through the paint (6, -3). [Model Question]
Answer:

L et the equation of the parabola be (x - 0)" =4a{y-0) (1)

Since the parabola passes through the point (6, - 3), therefore
(6-0) =4a{-3-0)

o 36=136a or, a=1.

Hence the required equation of the parzbolais = =4y,

2 b) Find the area bounded by the ellipse 4x° 93" = 36 and the r-axis.

[Model Question]
Answer:
We have 43" +937 =36

or, y=%i#36—4'!:
S0 the area bounded by the ellipse and x-axis 1=

y ]
25l [VB6—ar dr =2 [4o -+ ax
P ki

subs:  x=3sind

i3
ar, aﬁ::lcusﬂd&':-‘lx% I}cus-]cmﬂdﬂ
-

=T . L sin,‘&}l."‘.
=24 [cos’ a0 =12 I(I+cm2ﬂ)dﬁ:ll[0+ ——| =6r

L ]

:5- 31, a) Taking y-axis as major axis and x-axis as minor axs, find the equation of
the ellipse whose sum of the squares of the lengths of the major and minor aves

is 20 and eccentricity is %— 5 [Model Question]

Answer:

¥ ‘.'
Let T4 ;— be the equation of the ellipse.
PR )
sdla” wdb' =20
or, d°+h' =5 il

5|

b =

. & 3

POLY-EN
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- . a"
ar, a - =— S
3 2)

2
i

Adding (1) and (2) we pet, 24° =54

= b) Find the peint an the parabola y=2x" at which the tangent is parallel to the

ling p=d4x-5.
Answer:
Let (e F) be the point on the parabola
p=ax’
at which the tangent is parallel to the linge 3= 4x- 5
Now equation of the (angent of v=2x" a1 (2. ) is
y—B=2xrr
or. y=lox+f
Since equations (2 ) and (3) are parallel
de=4
or.a=2
Since (w. ) lieson y=x" ie f=4 ata=2
So the required point is (2, 4).

[Maodel Question)

()
)

e (3)

POLY-EM
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Chapter 3: Integral Calculus

Chapter at a glance:

_1 Integration

If %[F(;Hc] = f(x) or . d|Fix)c| = f(x)dx, then F(x) is called the integral of

f{(x)dr and is denoted by, [ ftxidy = Fx)=c

Some important formulae:
()[4 fOxde = A [ flapex

@ LA A0E k= [fodet [fi)des
(3) Is"dx = %:f-hﬂﬂﬂ 2-1)

@) [dx=x+c

{5 jf"‘d_t = i +

1
{6) Je'dx =¢" +¢

A
[F]

(7 ju"'u'_r = +o

mlog o

(B) [a'de= 2 e
log, e

9 j-]—d_'r = Iug[_\{ 40
¥

CO5 X

(109 jsin mxedy =
o

{n jsinrdn-—:m; T

S0 ey

(12) Itu:i.m.n.h =
m

(13) [-;us.tdt =gink +c

AN LY
L]

(14) Iscu" mcedy = :

S = jf_{.t}cfx
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(15) [sec® xh =tan+c

(18) {cnsrr:m TR v

+ &
m

(17} [ms ec’ vy = —col x4 ¢

ST X

{18) jmnutannmi: = +c

m
{19) Imc.tgt&n.tdr: SO0 K+

COsac may
(20) foosec mxcotmade= o,
m

EM.78

(1) ICDS £0X COLY ¥ = —cosecr -, 15 the arbitrary constant/integrating constant,

3.2 Integrals by Substitution:
(1) 1Enz 1, then [(f()" £/ (x)ch =-n—l——|—{f(x‘p‘_i"" HE
s

@ (2 e log) o)+

(3) _{t&urdr—lug[mcx' +

() [ootxdr ~log|sinx | +c

(5) j-su:.r dr=log|secxr+tanx|+c= Isogll:an!’§+%1 +e

\

i6) J'auﬁe:'.: dx =log | cosecr - c:rl:l-rc:Iog%tan%‘ﬂ!-c

e

@ [e'Lfix) s S (e =e* flx) 2

Some important formulas:
e l

dr
(n = un"r+rjz =tan'x+¢
xt +a

a X 4] =

e‘.‘l_ﬂ"'f”lr"lﬂ'l]

7]
X

+ellz|<lal]

a

1y

2u x+
o Ia —x’_%la#gt.r

i4) ﬁ—-hql’x—ﬂ’x"ia!}]-#c

POLY-EM
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(1) fuw de=u jva'.:—j{% j”ﬂ.ﬁ

i.c., the integral of the product of two functions
= first function » integral of second function
- inwgml of {rben'valive of first function = integral of second function].
(2) fe"smb.: ﬂ‘.t— 5 {a sinbx—boosha+ k= J{ x—tan 2] +k
i

m

= {a cos bx ~ bsinbx)+ &

at
E))] _[L’"' sin b v = u:

-1
= E—cus[bx —1an’ —"EJ +k

II: '|'-b-

(1) JJJ:1+a=ct: =E~fx’ +a’ +ﬂ?logj1x+‘h’ +a’]+4.

fol_ 3 3
[S]I r:_a:‘&=__-"f x = —a—i-logl.t+\/?—_a!|+:

2

(63 I-m: -x%dx= %\fuj -x° +$sin" L e

i

-4 Area Ur
(1] The area bounded by the curve y = f(x), the x-axis, the ordinate x =a and the

ordinate x =4 iy [f{.\'}dt - f_\-‘lit
{Z) The area bounded by the curve x = g{y), the ¥ avis and the twoe hordzontals
=cand y=dfs f dy= r oly)dy,

Remember that........,

(i) First draw a rough sketch of the given function

(1) Next indicate that region of the graph whose arca is to be evaluated; this region is
usually shaded by stroight lines.

(1ii)Now, set up the definite integral which represents the area shown by shaded lines; the
limiters of integrations are 50 chosen that the independent variahle varies throughout
the shaded region,

(iv] Finally, the required area is obtained by evaluating the definite integral.

POLY-EM
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( Short Answer Type Questions J

Lo %[F'{ﬂ]- f (). then Ir[x]dxus- [WBSCTE 2003, 2007]

{a) fix} + (b] Fifz)+c () Fiix)+e
Answer: (b)

(d) nome of these

2. The value of i’ cos 2xdx is equal 1o [WBSCTE 2003, 2004, 2008]

ta) 0 (hy 1 {c)2
Answer: (4]

{d) none of these

[ 3
3. The value of fmn: v is equal 10; [WBSCTE 2005, 2006, 2009, 2011, 2017}

x T x
= by I+— ¢y l-— {d} none of these
(a) 5 (b} 5 (€} 1
Answer: (c)
4. The area bounded by straight line y=2x, above x-axis from k=110 x=4 is :
[WBSCTE 2007, 2016]
(a) 16sg. unit (b)) 15 sq. unit () 7.5 sq. unit (d) none of these
Answer: (b)
5. feos® xdris: (WBSCTE 2008, 2010]

{a)-sin2x+c {h,‘ltl{[l: +sin2x)+e

fc) %[r-sinh}“‘ (d) i“l"‘"ﬂ'“ 2x) e

Answer: (b)
L T (WBSCTE 2008, 2015]
i \'rl _x;
T x T :
i = o (d) none of these
(2) — i(h) 2 ) r ]
Answer: (h)

PoLT-EM
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7. Ixe" il s - [WBSCTE 2009, 2011)
{a}m'] +o () —a* 4 (c) %r’ +e {d) none af these
Answer: (c)
j‘% is equal to- [WBSCTE 2008)
. {a}tar{l';: (hycot™ ¥ {c)- tan™" x (d)-cot' x
nswer: (1

9, The value of [Ilfx|dx§s:

(ayl (hy 112
Answer: (n)

l=x; .
1, £-—d|+r ¥ 15 equal 1o

fa) log2 (b)2log2-1
Answer: (h)

1. [+ sinxdvis

1., x x
(a}-i. sm——cos;-]-i-r

S 2
{c) [sin%u:ns%] b

Answer: (b)

R [Fedsis
|=-x

ia]l,,{sin L.-rr b

Answer: (a)

1b](siu".~:}: e

7.
13 i5:
j,\" pa'
@Wwn'“ie (Mawmn' e
i i
Answer: (¢)

[WBSCTE 2008, 2018]

{e)-1 (d) none of these
(¢} 2log2+| {d} nane of these
[WBSCTE 2010)
(532 sin = .mﬂﬂ-
A |
{d) none of these
[WBSCTE 2010}
{c) I(sirl't x] b {d) none of these
[WBSCTE 2010, 2015]
() lt.‘iﬂl" ) (d) nonz of these
a a

POLY-EM
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4. s is=
3 jl+2x

{a) logil+2x) (b) 2 log(l +2x)
Answer: (¢)

15 J're':ir is -
(o) & (x=1)+c by e'{x+1+e

Answer: ()

152

16. J =
| +smx
{a)tan x—secx+¢
(c) secx—tanx+¢
Answer: (a)

i7. Icos{a:+!\)dri$ .
(a)—asin[ax+b)+c

sin{ax+b)
a

(c)

Answer: {c)

18, f"su:’ vl is —

Fid
&) 1 h) —
LY () 3
Answer: (&)
dx
19. i -
£1+1’ "
T
fa)l {b) +
Answer: (h)
10, sinvx
Fre
{a) —l:uwr;+r |_’I:|]"""':'$;‘r'E +C

Answer: (c)

[WBSCTE 2010]
€)1/ 2log(1+2x)  (d) none of these

&

[WBSCTE 2010

(e) e'(l—x)+e {d) none of these
[WESCTE 2010]
(bjtan x +secx+c
{d) none of these
[WESCTE 2011)
{h_}-sin (ax +6) »
{d) none of these
[WESCTE 2011]
(e)0 (d) none of these
[WEBSCTE 2011, 2016]
(c) L; {d) none of these
[WESCTE 2014]
{c]—lms\fi +c (d) - Cm‘_' =

MLT-EM
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[WBSCTE 2614]
{ditanxr+ x+¢

11, Jtn:r'f xilr =

(a) cotx+c (bytanx+rc
Answer: (c)

(ejtanx—x+c

22. The value of ﬁx[ﬂ‘x is -

[WBSCTE 2014]
{a) 1 (h) 2 (e)0 (d)-1
Answer; (&) ) ’
23, The value of [T, —*——d is - [WESCTE 2014]
| +cos* x
(a) 1 (b2 (c)0 (d)=1
Answer: (c)
14. Area bounded by the straight line v = 2x, above x-axis fromx=1l1ox=4{5-
[WBSCTE 2014]
(a) 16 5q. unil (b 15 sq. unit (c) 7.5 sq. unit (d) None of these
Answer: (h)

25. The volume of revolution of the area enclosed by y =,/cosx. x axis and the lines x =
0, x=m/4 about x —axis is—

[WBSCTE 2014]
(a) b 1.8 dymd2
x [ 375 (c) N (dy=
Answer; (b)
26, The imegrating factor of the linear equation % = is— [WBSCTE 2044]
i I
{a) &' (bhe™ () & (d) !
x x
Answer: {c)
27, The value of [‘;-l'ldr is [WBSCTE 2015]
(a) e=| by 2{e-1) (cye+1 (d) none of these

Answer: (b)

28, The nrea of the triangle enclosed by the line vy = — x, the x-axisand x=4 is «

[WBSCTE 2018)
()4 by & {c) 10 (d) 8
Answer: (d)

" POLY-EM
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29, The area bounded by parabola " = x, the line x =  and the straight line =3 is
[WBSCTE 2016]

(a4 (Y5 )9 {d)} none of these
Answer: (c)
30. The value of EsinT vdx is [WBSCTE 2015)
{ay ) (b1 (c)® {d) none of these
Answer: (a)
31. The value of ﬂf,fr is [WBSCTE 2016]
44
(a} (B} 2 €10 (d) 0.5

Answer: (a)

32. The area bounded by the curve v =tanx, x-axis and the ordinale x=% is

(WBSCTE 2017]
(a) log2 ) D (d) log2
> V3 V2
Answer: (bY
33. Find the value of ]sin’ xdr [WESCTE 2017]
Answer:
Since, sin’ x is an odd function.
L
[ sin® xax=0

]

34. The arca bounded by the curve w=x". x-uxis and the straight line ¥ =2 is—

[WBSCTE 2017].
{a) % (1) % {c) .—;- (d} none of these
Answer: (b)
POLY-EM
’
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35. The valuc of | :# is
x4+
{a) tan "—; (h) %tﬂn '-;- (c) %lnn' 3
Answer: (c)

36. In Trapezoidal Rule fix) can be replaced by —
{a) Parabolic Curve
(c) Cubic Curve
Answer: (b)

37. The value of [*, x'dy is
(a) | C(b)2 (c)a

Answer: (d)

38. The value of J'cusanl?.r dx is

(2) -% cot 2x (b) cot 2x oy T

Answer: (a)

2
39. The value of J'a'.t is equal to
]

ta) | (k)2 fc)3
Answer; (a)

4. The value of j{m’ x—sin’ x)dr is

(a) secrian x (k) <in 2y

- Answer: (¢)

4L The value of J ot is
ylogx
(a) logy+ e
Answer: ()

(b) loglogx|+¢

{b) Straight line
(d) Mone of these

1.
(<) ;smlr

() xlog|x}+e

EM.85
[WBSCTE 2018]

(d) %un*nr;

[WESCTE 2018]

[WBSCTE 2018]
(d)0

[Mode! Question]
(d)—cot 2x

[Model Question]
(d)0

[Model Questian]

(d}y —;sinzr

[Mode! Question]

{d) none of these

POLY-EM
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42. The value of jcos:c; Qrdx is [Model Question]
aec 2
ia) —%:m x (b) cot2x {ch w (d} —cot 2w
Answer: (a)
B. Answer the following questions:
ay du o
43. If u=1an’ then find the value of :F—+yJ [WBSCTE 2018]
x 3
Answer:
w=tan"' < or.tanu =% — homogeneous function of degree 0.
x x
.'.x—e—(mu)+}-~i{mnu):[} function
dx v
or. Ia—"--'-yazo
e oy
+2
M. [Fxlde=7 [WBSCTE 2022)
Answer:
E—-—.’c elx
= I—x i
=
4
£ fm.x ) ™
map =] [WBSCTE 2022]
f Jdnx+dmsx
Answer:
Let, = Lf—f‘d’ b
Sinx ++/CosX
(3
cos| —=x
% E Z ——
o5 el )
cos| = —x |+ [sin| ——x
~ o 2
POLT-EM

Integral Calculus

EIII.

Jsmx +yJeosx
(1) + (2), we Bel
“ur- .
::1.f=fu£x
=2r=[sf
:>2f=-§—.ﬂ
;!=%

T

.. The required solution, L T = =g'_}=
Jeinx +

b | &

46. Evaluate: flugrxdr.
Answer:
rlug_ xdx
= Ilng XX - J'!—.m‘x
X
= [.tlug.t x]:
=[x(logx -0

=e(log,—1)+1
=1

47. Find the integrating factor(LF) of % + 2y =91

Answers:

ﬂii— 2xy=9x

Compare

g + Py = i] equation & get, P=2x, $=9x.

| P adn =
o Jun

S LF =g

EM.BT

[WBSCTE 2022]

[WBSCTE 2022]

POLY-EM
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Y LF= [ouF)dv+ L

=Ye = Iﬂ.rf"ait-r

( Long Answer Type Questions )

: 1. I tegrale: dr i

< : Isir!(r—a]sin{r_h}+ [WBSCTE 2003, 2008, 2010, 2018]
Answer:
f o dx 1 ;sm!{x a)-(x- b};ﬂr,

sm(.r a)sin{x-4) S'IHI:b a)? sin(z—a)sin(x-b)
3 Jsm{x a@)eos(x -b) - cos(x — asin(x-b)
sin(b-a] sin(x - a)sin(x—b)

—_51n[b 2) J‘ﬂut(r Bdx - jm!{x .u:lm']
| sin(x—&)
‘ sin(b-a) o sin{x—a)

m{-}—rlugsm r—h}- log sin{x - ﬂ')}+c

+<¢  where ¢ isan arbitrary constan

S 2 Integrate: j' [WBSCTE 2003, 2006, 2009]

E' -re'
Answer:
s e [@-eu]
=J.;d£—rj- j-—-——v-um lnn"{:'jn:[w}w i bi
.+i e+ * +| ©.C ¥ an Arojtrary constant
f." .

[WBSCTE 2004, 2009)

= 1 Integrate: Je'(r _J ! };‘_:
x

Answer:

bbb i drmfe (i e

POLT-EM

Integral Calcuius EM.89
1 1 ]
fr'[———,]cir= jd::u e="te [ ¢=constant ].
\X X x
=dx, [WBSCTE 2006, 2008, 2009, 2010, 2014]

= 4, Integrate: }r“ﬂ v
+x

w' . fdlxen)-afe JE R
!d.r—f (x+1jz ‘J‘J'IIJV{IHQ‘:{’r I{xrl}!d

=(r]+') jrie I{?j?[ii_xJ”'d’}‘k' I{x:’u"‘k

e ;
= =¥e [e= Integration constant ]
I -

o e €
X+l I{m}' I{;n]' e

= 5. Find the arca bounded by the circle «* + v* =4 and the straight line v = x, in
the first quadrant. [WBSCTE 2008, 2014, 2015)

Answer:
The circle x* + »° =4 and the straight line x= v bounded by the area given by OPQO

Area OPOO =—|1 Lm‘x where x* + 3% =2% 5o radius =2 r_l_,,:—i—x

< 6. Compute EJF——-:—%—? b>a

Answer:
Letx—g=2* ordy= 2zl

x=+a rb-x=h-2-a

POLY-EM
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when x=a , z=0 and when x=h, 7=vb-a
'i iz

f:{[[h—a] ‘ a]_._:s]‘*z[sin"dﬁl h P

:2[:-D]+c:x+c where ¢ is an arbitrary constanl

5. fout, T
I+=x
Answer:
J- |DEI‘ dx l+x=z.dx=dz
(1+x)
- fﬂsﬁfﬁ:hgu-nﬁ-f%-ﬁﬁ
z-1 L i) B :
] Ing[; ) j:ll}-dzr E( ) J _ﬂdf*J‘;‘#

=—~Eﬂ*!€rg|:—li-icg|zi+r.‘=_ | f1 +log :
x x

] l.EuImtt I [WBSCTE 2008]

+cosT
Answer:

dx de 1 4 N A
I]me:]'q : =Ejm:-:br, Iﬂ%-—: anza’r‘ci

< 9. Evaluate: Jq—'m . [WBSCTE 2009, 2011]

Answer:

sec!

¢ ok i dr - Thi g B o

r-l"q

J5cdes ¢ ¥ F_ g3 i 2 40c08 = O4tan’’
Sﬂni+c.ns2+4 2IH'I2 sl -

hill-

POLY-ENM

Integral Calculus EM.G1
L:llanE== or.%su:’-nﬁ' or,sec’ —= and ¢=3
w;i iz | 2 12 2 x x
1= 2 _ge-2f = =2~m“f+c=imn'm[ C==¥—t(==+C
]9+tan"x @+ "a @ 3 £5r 3 5
2
i .
D10, [ . (WBSCTE 2009]

Answer:

e
.t(a*—x} Jﬂ

let T=a'sin° & orusim?:ﬁ, f=sin" 5
¥

dx=a’ 2sinlcosBdd
@ ~x=a(1-sin*6)=a’ cos’

L1=24 [M= 2fda=zﬂ+c=zsin "£+r

usinfacosd a
2 1L I{iugx}’dx. [WBSCTE 2009]
Answer:

I{Iugx}z d =I{!agx}: Idr-l{f%[logx}: .jir}baij = x{logx) —1 _[ {1“’:" r}eﬁ-:l
=.1r(i:::|g-,:]nr - Zflu-gxdx=x(togr]:-1i.tugr!dr~ j {%[Ingx] Ieh];:iz]

s 1 1
=x(logx) -2xlogr+ II;Jm' = x{logx) —2xlogx+ 2x+c

@1 fsm —-—~dx [WBSCTE 2009]

Answer:

Isin 11,~—-'t—ph‘
X+

POLT-EM
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Let x=ztan " #=3 x < a = a1+ 1n°#) = asec’ 9

Differentiating both sides of x =a tan’@

dv=2atan @sec’ Huld?

I:ZaI&in 'J:cn—___::;mﬂ?mnﬁdﬂ;ﬁa i&il‘l ;{Hll'lﬂ

]s:clcE fan ddd!
secl?
sinf ]

=2 _fsin 4 -'F—‘%ﬁ {sec” @tan B8 = 2u [sin™ (sin f)sec’ Hran Hd6

cosd /

=24 |fsec” ftan fd6 = 2 6 [sec Bran 68 - j{iﬂ sec’ mnﬁd@}dﬂ]
L dg

Let I'= [sec” B1andd6 = tan 6 [sec’ 4 - j{dia-(tana} Jsect m&dﬁ}dé‘
=tanftand— fsec’ tanfd@=1an’ §—J

wmn’ &

LM =wntd ==

s =24 g;t‘.'?_f_
2

ta:llﬂ

J-a[ﬁm 8- [tan’ 646 | = o] 1an’ 0 [(sec* o 1)an |

‘—‘ﬂ‘;afﬂ.ﬂ:5—(1&1‘!3"3]i—f_i:a[ﬁtﬂ.ﬂ"ﬁ-"wﬂ#i-f?*r:|=ﬂ'[ﬁ(1+lan:ﬂ]—1anf)‘]+f

=a[9{1+m’9}—ma]+c=a[mﬁ 'E[EJ—E]H%:M)M" §~\E+c

. a

[WEBSCTE 2008, 2017]

L P di.'
< 13. Evaluate: /= ! - -
8 l—h‘};I =

Answer:

Jik df
[=

j ﬂ-h‘ﬁl—x‘
Let x=sin@,.dx =cosé d@

- =l =sin? @ =cosl, and 1 =2¥" =1=23in" 8 =cos 2@

Whenx=0,sinfl=0=0=0 and x:%.sinﬂ:%:oﬂ:%
"t cosode %7 I e

sec 26040 = —[log(sec 24 + 1an 2¢/

!mlﬂmsﬂ ;,[ EIHBI ’ L

PMOLE-EM

' ' | EM.23

[Iug( EE + 1m—;-—']:|—lllng(&=cﬂ+lanﬂj

p.:.|— I4|—'

lo {2 ‘ ﬁ]— %Iugl =—|2-Iug(3+ wﬁllc}gl =0] = %Iﬁg{z t 1"3]

[WBSCTE 2009]

= 14, Compute Eﬁﬁ—:ﬂ

Apnswer:

.E dx :f dx
J{r—l}(i—x} "{2"-[x-3:l"}
x—3=z = dx=dz = a=2
cwhenx =2.2—9-1 and whenx 30,20

< Is ﬁlug(l +tanx}de.

Answer:

LE log (1 + tan x)de = Tog (1 + tan x) L:dt— L: {%[Iag{l - Ianx]}lx];:}dr

[WBSCTE 2009, 2014]

= [¥]5 to(1 + tans) - L(HTﬂ [«]f --}Lug{nmnx;m[m

whenx=0,r=1 and 1=

=3

#n

E%dx = f%: [log=] =log2 - logl=log2

o =%Jug{l +tan x) - %Ingi = ﬂ{lug I +ianx)-log2} .

< 16. Find the area of the region bounded byx +3* =38 y=0,x=0,x=
WB&CT‘.EM
Answer:

Py =y =B-aloy=li ¥

POLT-EM
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= Ll
stz § i
S
(4
f -, =
(13,3431 loys sm'{D}].i
7 2
Fe = ! d
i

25, .4 25, 25 .4
P B S s
=0 2sm : —sin” (0) -l-zsm <

= 17. Find the area bounded by the curves 4y = 3x* and the line 3x-2y+12=0.

[WESCTE 2009]
Answer:
=3r" or -.r--l-f (1)
= TG E e
12
Ty =3r+12 ony:%r-i—&.,....{l] e

23
Putting the value of y in equation (2) get.

. l
1.:."‘ -1.1'—6 =0or,3x —6x-24=0
4 .

-

or, @ ~2r-8=0 or,2* -4x+2x-8=00r.(x+2)(x-4)=0
ox+2=0 arx=—2and x-4=0or,x=—4 whenx=-2,y=3

i T
and when x=4, v=12.S0 the points of intersection of the curvey = ;r'

and the straight line 2y=3x+12 are (—2,3) and (4,12).
S0 the area bouded by the curve and the line is

r yhr== 3 r :ctr=-3~ il :—[64 (- E”—— | 8 square units
a7 ],
3 cos rife
2 18 Evaluate: [ = I_—-———— (WBSCTE 2008, 2018]
J(l+sin 2 +sinx)
Answer:
ij cos xolx

1 +sinx){2+sin)

FPOLI-EM

Integral Calculus EM.95
Let sinx=x cosxd=dr when :—}—'r-z | and when x=0, s=0.,
IF az "2 4 2)- (1 + 2)dz
s Tueaeen
_| (2+ )z 'j- {1+ 2)ez __'j- dz '!-
—f{l+z}[2+z} u{2+:}f1+;}_n{1a;] (24 2)
=log, 2-log, 1-log, 3+log, 2=2log, 2—log, 3

=[ log]i + = |‘i [tog|2+2[],

= 19. Find the area bounded by the parabola 1 = 4x, the x-axis and the ordinates

at =, [WBSCTE 2010}
Answer:

m{m: Emdx

i
5

hlj:(x]ﬁ&x 53_ :z[%.{4}§-u] :%sq.unit
2

L]

< 20, Compute the area above the x-axis which is bounded by semicubical
parabola 1 =x" and the st. line x=y. [WBSCTE 2010]

Answer:

¥ =x,the eq. of st. line....(1)

Semi cubical eq. of parabola y* =x"....(2)

x'= x! l y=x]

Putting value of y=x of eq. (I) into (‘2}
x'—x* =0, 0r,x° (x~1) =0

Lx=0,1

§ 3
The defined Region area is = f W — E_!.-,u’.t = Lm'.-.' - LIEit['.‘ Y=o y= .r5]

i -

Ex X I i .
] " 3 | [E—U]‘- _i- —:-— ? —_-?'—';'- 010 50, umit
il ki 2 ) L2
& 20 Integrate = IE'“ i [WBSCTE 2010)
Ji-x

POLT-EM
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Answer:
. .'-1'5‘:n 't.d.‘rd:
|—x°

dv
Jl=5f

i= I: sin = =:J':sin:d- Hi_ﬁ{;‘}lsinzir}dz =—zcosz+ Icoszdzﬂ'

=sins—=co0Sz+g, =X — T-x*sin" x4 L'I["cns.z:-dl'l —sin’ 2 =\|l—x‘]

Let, sin '¥=z or,x=sinz =

=dz

S 22. Evaluate /- | e [WBSCTE 2010]
Qicosx
Answer:
dy de
sz« :I 2 1
AR Irms£-+5ir|"£W+ cos® = —sin' =
L 2 2) 2 2
sec'idx see’ X dv
o 2 : =f
z(nmif]—(!-m:{} 34 tang
ALY 2
x
Let, I,l-ﬂ"z'=:

X

Differentiating both sides, izs.u:: 3

dx=dz::-s=c‘§d:=:dz

2d= ¢ & 2 ,.f :} . .
o= -=2 —=—=t1an" | — |+e, where ¢ is an arbitrary constant
L’-.[JE]' oimy B\
ALl TE 201
< 23 Integrate j'l+cosxdr [wesc 0]

Answer:
[Jr-i-sin:d: _j X "‘j sinx ” =F{I-m”dx+ Isinx{!-—msx}dx
Nicasx l+cosx 1+cosx sin’ x sin”x
= jx{cusac’x—:osemwt.ﬂdn jmsm: — cot x jax

=rf[tns e’ ¥ — coserreol £ )dx -IJ{%II} Iwuc'x - tosecxcol 3 )dx Jr)x

POLY-EM

Integral Calculus
+IEcc-sec::— cot x Jedx

EM.87

;_:[—nntx+cnsecx]—“{coaea —cnlr}rk]+[{wsecr -cmx}]fir =x+{cosecx —cotx) +¢

=) R’UE[&]

[WBSCTE 2010}
Answer:
_[ 2+xL_&=JwI'2+xu.l'2+x =J- 24x 5&=2J .:fx : *J- xux .
P W i xo NI Joy -5 da-g
=2sin"[i)+ fﬂ [4-x =8 = - 2udr =2040)
2 7
3 =
=15in"[£]— jdﬁ=!5in '(E]—5+£‘=25i11 '(EJ]—-Jtt—J:' +e
Z 2 2
o 28 [F—w] [WBSCTE 2010]
| —cosx
Answer:
N s e‘(cm’fﬂinzf—:ﬂn{m{]dx‘
!-e (I —sinx)dr _ e’ (1-sin x)dx =]- 2 2 2 2
(I-cosxy 2sin’ S 2sin’
a .

= jv' [—-uus’% 4 %—cmi}dx = Ie' %oo! %dl:'l' _{%dx - je' -mt%di

= jt' -%[cnsrc’ %- l}ix-f r—;-dl\:— Ie' -:nt-':—cbr

= g'-lmgec’-‘!-dx— —Idu E—lrIt e'-wtid.r
z 2 2 2 2

=—J'.|:' -Eﬂl%dl’ [ 'FELE“TSW: %d:r

= —{m:-’%je':ﬁ+ j%:uscc’%-r‘d1]+ I%-cmrr’ ;..f.:

-

¥ e’ o~ e s X e x
= LA e '....‘-_h'—j—.-.-.m * ety = —— —
cul.:a+!-1-:mﬁ‘,l e o e

POL-EM
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o 2. [ﬂdx

: [WBSCTE 2010]
COs X5inx
Angwer:
j yunx P
cosxsng
. 3 2848
Let f=+tanx => & = tan 1= 2008 = sec” 1dy = iy = —
se0” X
—JF 2648 1 1 29de
" sec’x cosrsiny < sinxsecy
“9’.#49 28°d8 _.6":18
=_{ —_[ —J j‘dﬁ'*c 20+c=2Jtanx+¢
s1n:r——
COS X
D 27. Evaluate: [ BRI [WBSCTE 2010, 2015]
l+cos™x
Answer:
vasinxdz - E[I—I]Siﬂ(ﬂ‘—l}dx:;r sinxdx Exsinxd:
l+cos* x 1+cos* (2 -x) l+cosx ®1+cos’x
:.f:.-rf smm‘rz _Ezs:n#=;=rr sin xclx f:J-Z."a:rf mnm’:x
l+cos" x 14 ¢co5° x | +cos X l+cos x
_ir n_n# [—cnsx:l‘.i‘
24087 x | sinxdx =d8
When x =0 then z— -1 and When x 3 x then z-1
5 = pt Y e ST | R
!—xf——-ﬂr tan -9] rr[m 1+ tan*( I}]_:r[d-u-d} 5
m['c-'ﬁ—:} [WBSCTE 2010]
ol +logx)”
Answer:

L:t,]+lngz=::>-l-¢x—.dz
¥
When x = then = = and when x = | then z=|

ﬂﬂl ”’[i ﬂ]. [:m‘wnl

=~ 1 |'= | 1 e = . ’
[{1+Inngl [“a I+u] [0-1)=-1[logl=-a&log1=0]

POLY-EM

| Calcul EM.29
= 29. Evaluate: fﬁﬁ [WBSCTE 2011]
Answer:
e B dx
IJ{I—E}ﬁ—I] g J‘Jl‘c-ﬁ-fai—lx
_IE dx ZJ- dr '_-_{ dx
e
iy d .l di 2 .
| ik = 2
i o i e

Answer:

3+ N
j—.‘: “b‘ = Fid: I =tan"'z+C=tan"'Jx' -1+ C
g g

= 31. (a) Integrate: |5 ax
==X

= I;
de
{hj Intmlr: J’m

POLY-EM
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Answer:
dr dr 1 A 3+2x| .
,;—] = + [ ==l O
) '[:".—I—i': I{s'] I :E OF Eur jug‘j—l.r i
L2 “ -
dr (=-1) [:r—’-‘] I 1
< — —dlt
o I[r 1V(x—2) Iu-n (=2 J-i_x-ln.r—?.j [{x—lll

1 1 I y |
= [[(:—11 x -E}k_ I;_,,_1J=m=1“[x‘|}“lﬂ{x—2}+.xj+c

<~ 32. Integrate Ie* I_]1dr
(x+1)

[WBSCTE 2015, 2016]
Answer:
= -_,2 x £
fer— N = [ [
(1 +x) (1 +xy (l+x) {l+x)
]

. S i~ 2 [ drie = € e
(I+xy 1+ | (1+x) o x)

1)
i —-——-d.'l’ TE 2015, 2016,
S 33. Integrate j o [WBSC 1
Answer:
x=1 1 2x=1 I ¢
dr=— -
j(r—31{1+2} Zj-(.\' 3}(.':1—2} ZJI.’ 31x+2}
' i
__mll:z ]R“’}‘t__ x- 3 x+2]

- Sin((x- 3)(“1}}__:..* ; =Elnfxa2]‘+r:ln[x+2}+c

< 34.a) Find by integration the area enclosed between the parabola ¥ =2x, and

the two ordinates x =l and x=4
b} The line segment x+ y=1, 0< y <] is revolved about the y-axis to generate »

cone, Find the volume of the cone. [WBSCTE 20185]

POLY-EM

Integral Calculus EM.101

ANSWEr:

a) Area= 12 J‘J.' e =2 Im&: .-_ZJE[%J
| ] ! ol

=22 Ecz-ﬁ—u]
f—’?:zﬁ- )

b) Area n1 the triangle UAB is

1
-1 I—— Sq. units
2 4.

. g 1
So the volume of the generaied cone is jE * 2y dr

]

A

i 1 ‘
= 35 Fyaluate I (1—'1]:11- (substitute == ") [WBSCTE 2016]

cos® xe}
Answer:
Liet, f= ji'“—ﬂ:ﬁ
cos (xe')

sihs:  ye'=z =X+t de=de

'..F-—l : =J's=c’:d:=mn:+c-=un{.w"|w
o5’ =

where ¢ is the integrating constant.

< 36. a) Evaluate: ju' {:+";‘. ax
b
cos
; . . .. T L
by Evaluate f ¥ s —2) [WBSCTE 2017]
Answer:
+x"
 fp iy
J Q+s)
- POLT-EM
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]' S ‘-’} [r 2x

- dx
(1+x) {1+a)

Ie-ﬁ ie dv

(1 *T]
= jt'dx-—jf'_';{z_—‘__"d: Subs for 2™ integral 1+x=2
- = de-dr

i
€
2 [Sd

=g —e"-l-~e"-21idr+2e" Iid:

-
= —-21—+¢ where ¢ is the integrating constant

:E.

=@

+c
I+=x
coOs XY

R J(sinx—a]{sin x—b) A

dr
- I{:-ﬂl{r-ﬂ
Subs: sinx=r
cosxdr =dz

b al_j[z b z-aj }

=b—:l-[tn[z ~b|=In| .zv—a” +c

:-.b.l_—a{.inlsin:r -—.El|-tnlsiﬂx-s-!l] 1
S 37. Evalunate: J]?.-xln!t [WBSCTE 2017)
]

Answer:

:ﬂl-:|dx

POLY-EM

Integral Calculus EM.103
]]z :r|r£r+].]2-1id.r

]’{2 x)ade +I(x-2]:b:

T x !
= }r—-—— 4+ —-1x
2] 5],

1 |
2= (=11 4+—{0—d4)-2=
2-1(a-1)+ Lo-9)

b | LA
du | L
& |-

ail
S 38. (a) Evaluate: j o

; 4+35cosx

(b) Shade the area enclosed by the parabola ' =4x and x* =4y . Use method of
integration to find this area.

[WBSCTE 2017]

Answer:
afd
a
] ! 4+ 5cosx
ﬂj‘: d‘
L 4[1:05: %4-- sint ;]+ S[cmzi—siusﬁ:{]
mdd dx
o x 1 X
4 Qeos’ ——sin’ =
2
«r1 seg” — % 5
= Subs: tan_ ==z :m':ﬁ:-—'Zd:
o9 tan’ . -
1
o= | X
= ] | — ' - =& —
!q 2 [ '[rl o ”1

POLT-EM
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b) Area of the shaded region
i i
= [Vakdx— |2l :
o I ¥=dy e
13/2),, 413}
4 £ i ] n 5
—::{"1']' -Ft‘ll' U\
5 )
=£—E=ﬂ-—8ﬂlﬁq units
3 3 3
y' =dx l‘)"
or, ¥t =162?
or, yi=l6-4y
or, )‘[_i." - 64]:1‘]
or, }' = ﬂ -1-
10" (log, 10)+10x°
> 39.(a) Integrate (i) f—{l-é'g__:—-—:!;;—rrch'[f.uhstiluta_ = lD":I'; [WBSCTE 2018]
+x
x—1 -

O =

(b) (i) Evaluate [71 - ¥idv (ii) Show that [} —SnXdf %
Sinx+cosxr &

Answer:
10 (log, 10} +10%° . i )
a) i) | e Subs:z=10" (For1")
Loz =10 log, |0dx
107 (lag 10) 1os” .,
- * Subs: =y
IIG'+x" Ii0'+f" e R

10 dr=dy  (For 2*%

+

- dz dy
z+logi, ')+

(ii) Refer to Question No. 17 of Long Answer Type Questions.
b [ 1-xjdz= [ oxlder [11-x(ds

FOLT-EM
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= L{I — X + f {r—1jdx

inx dx
T TR O L S ] de | [ f
) Eysi.nﬂmsr  (r (;: ] | .LT (x)dx
sin| —~—x [+co8) ~-x
7 b1
= | f(%—!d:J
=
_?j oS ¥
L 8inx +ecosx
Lsinx+cosy ' "
=al=" = Tdy=—
fsin.ﬁ Cos K -{" 2

ot

=|n

2 40, Show that the arca bounded by the curves y =’ and y = x i é
[WBSCTE 201§]

Answer:

I
Area = I{x — % yde
el

[, &) =]

= 41 Integrate jt'[—]-—-—l_:]d\c [WBSCTE 2018}
X X
Answer:
Refer 1o Question No, 3 of Long Answer Type Questions,
POLT-EM
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D a2 (@) If [(Asing)ds+ [(2x+ C)dy="+ B’ +2¢. then find A, & and C.
] a =

[WBSCTE 2019]
Answer:

( Asinx)ax + !l_._n—(, Jex

=-4[—m]=ﬁ+[x +Cx,
= Alo+1]+[¢ «cr]
A+ +1

Now comparing LHS to RHS in the given relation we obtain;

A= Bl Cu2
2

=

| 21+10 . % S X 1
< (b) Integrate: (i) j'—(EE'—]—xd: (substitute z =2"); (ii) I{_f]{_ﬁ?]

[WBSCTE 2018]

M _[2 (1“’5- 2,}4—!(]:: e {substitute z=2")

J-l{lsog,.'!] f‘“‘idx

" 2+
Subs: z=2" (For 1%)
s de=2"log, 2dx
Subs: x¥'=y {For 2™
10x"dx = dy
Therefare,
{2 <.
z+log’l0 “z+y

(ii) Refer ta Question No. 3%a)(ii) of Long Answer Type Questions.

= 43. Evaluate: i i

R S [WBSCTE 2022)
—IN2x +1)

POLT-EM

Answer:

xlr
j(x—l]{l‘: 1)
(2 x)dx
=J:(:-I){lx+l}
(2x+1-1—x)dx
-[ (x—1){2x+1)
=Jv(2x+|!'{.r—l)dr
(x-1)(2x+1)
(2x+0)dx ¢ (x—1)ax
=j-{x—l}('.!:r+|)'_1{:t-l]{2_t+1]

=log|x—1| —%Ingﬁlz +1 { _[

= log|x - 1| —%Iug“ﬂx + 1! +e

x—1

o]

=lag i

= 44. Evaluate : !e'cos:cci'r
Answer:
Ie' cosxde =1 (Let)

eV C{Ej.'jﬂ"til‘ ﬂ(cus x). [e'dr]

= /=cosxe’ + [:\in.ra'd.:

=5 | =cosxe’ +5ln.tIe'dt - j{s'm.t] [r'dr
= [ =cosxie" +sinxe’ - J'cna.t,e'dt

= I =¢' (cosx +sinx) -/

= =¢ lcusrﬂsin x)

e,
=/= -;{cnu +sinx)

3
> lc'cu.r.'tr = % (cosx +sinx)

EM. 107

B =

log|ex +bi=c]

[WBSCTE 2023)

POl T-EM
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< 45, Integrate: J-J.'f'ﬂ::t 2

Answer:
J'nf'u‘.x =_t[e‘dx— I[-:—‘ﬂ.rlfr‘dx I.ix
=1 - Ii(ﬁ’dx =xr' —&" +e=(r-1' 4¢

cos xily

= 45 Bnsliite '[(2 +5in x}(& +sinx)

Answer:
J cos xedy
{2+ sin x)3 +sin x)
pul, sinx=rzx
cos xelr = o

B dr
_f{1+213+z}
_d 1 I |

= || —————d-
=log[Z+z|-logl3+ 2|+ ¢
41+:
= —|+c
34z
’2+sin.r
:l[) : +
d4sinx

< 47. Evaluate Ih'n_l( x - }J.I
l+x

Answer;

2x
fon (e
- II tan ' xdr
=2J'tan" x edx

EM.108

[Medel Question]

[Model Question]

[Model Question)

PN V-EM

integral Calculus

Y - hake - I{%{mn“‘ x)fi dt}-elr.}

i |
=2| xtan" x— I———,—.Idx]
I+x

= l_i'lan" x—%luﬂll + x’ﬂ +e

sim 2.xdx
acos’ x +bsin’ x

> 48 Emlntcj
Answer:
sin 2xdx

jacoal X+ hsin® x
put, acos'x+bsin’x=z

2b - a)sin xeosxdy = dz

(b — a)sin 2xdx = d=

1 oz

=b—n z

blﬂluglzll-c

1 1 s 3
= loglacos® x+ bsin® x+¢
b—a"d 1

= 49, Evaluate I}#
+x)l-x

Answer:

N I-- B ,;{1'-
(lex)i-x

put I+xa= dt=—}/:3d:
[ _:l_’d: -f l - f ds
WG] R
I’u.;. ;:—I=m= -

2dz=2m dm

EM.109

[Model Question]

POLT-EM
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= 50, Evalunte jm

Answer:
sec” -“/ dx

dx
f!—-"sin:='|- 2tan X4,
', 349 - n /_*4411“ +3
f

1"173“ 5’-1
pul
tan s =z
1
= L e = de
_ﬁj L =2 dz
I+ a3 3V a A,
3

=—Ig‘ dz =-2"+¢

. _,3': + ¢, where ¢ is integrating constant.

= 52 Integrate jxe‘ .I'{x+'.|)zd.l’.

Ausm-

J'(.\'+|-|]E

{x+l) {r+1)

= _1 Ejdr- j ] = E‘a’x
x+1 (x+1)

EM.110

[Model Question]

[Model Question)

[Model Guestion]

FPOLY-EA
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I o |
s— [etde— — dx— - fx
z+l‘|.em— J‘L‘:[xﬂ]j ] {:11]
e’ I gl )
Y f(.:+|:’ de f{x+|f

+¢ . where ¢ i5 integrating constant

x+1
4
2 5. Evaluate [————— s [Mode! Question]
I{f Hf}{r’ +b2]
Answer:
g dx
(f e aixt + 1)
_ 1 I(x=+b=}-;x1+a?1m o b [g e <f dx ]
Rt D b -a +a¢ X eb ]
= .,I . B ® Sk +c,
b —a® |a a b b
where ¢ is an integrating constant.
= S4. Evaluate the integral IL&:. * [Model Question)
Sinx+Cosx
Answer:
_'T sinx " j[ms.t+sm.t} {cosx— smx}

; Sinx4cosx SN ¥+ COS X

cosX —sinx

—EI&-EL;“HM;&

:—;—-f('f]:—%‘I‘%Whﬂn‘.‘,iinx-ﬁ-mx=:I{¢ugl‘—_sinx}‘h.=‘_k

x%x—%ll}gizl+f=%.t—%!uglsinx+m_l1+c

< S8, Evaluate: Iﬁd"
r=24x=

Answer:
x—1 r—"']ri
e e

BOLY-EM
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dx I =lnlx=3)+ i ‘I
'_I;—-:;_J‘(_t—l}[t—l-]dx =hi¥<3) ”;x—-} :r—:'.JJr

=In(x=3)+In{x-3)-In(xr-2)+C

(x-3)
[J’.— 2) +C.

[ is the integrating constant|

=ln

EM.112

POLY-EM

Chapter 4: Ordinary Differential Equation “

Chapter at a glance:

4.1 Definition

A differential equation (DE) is an equation invalving an unknown function y of one or
more independent variables x, 4, ... and its derivatives,

Differential cquations are of two types — “ordinary and partial” depending on the number
of independent variables appearing in the equation.

Standard Methods for the solution of first order first degree DE
a) Separation of variables
An equation of the farm fi(x)g ()= Lix)g.(y)ar=0 (1)

is called an equation with variables separable, because the variables x and y can be easily
separated, We can write equation (1) as

) 20

A T A
£(x)=0, g (¥)=0.
= F(x)dx + G{y)dy =0 (3

F(x) f__(r}mcm =)

The equation (3) can be integrated to get the solution as
j."'{x}dx - !‘f:(_}}ch = ¢, where ¢ i5 an arbitrary constant.

where

b Homogeneaus Equation
If M and N of the equation Mdx + Mdy = 0 are both of the same degree in x and y and are
homogeneous, the DE is snid 10 be homogeneous, Such an equation can be put in the

form ' =:J—£r=fl"]=5[{] 1)

Every homogeneous equation of type (1) ean be easily solved by putting y =wvx (2}
where v is o function of x. Then

dy v, {3) and (1) reduces to
dv  dv

v
ks =g(v)
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v dy
A {a
H'[ V) “
and the \.amhies are separated.

«j Exact Differential Equation
If' M and N are bith functions of x and v, then the DE

Mdx+ Ny =0.........(1) is said to be exacr, if there is a function u of x and y such that
Mdx + Ndy = du , where du is a perfect differential and du can be written as

G &7 x
du= i_"d; ¢ {_—_d}-z M{x,y)ds + N(x,v)dy

'Inf[x.l.]‘ —semeii L)
o
Cu
N = .. 3
(x.y) 5 W
sa that Mux+ Ney=0 gives du = 0 and hence u = ¢, an arbitrary constant of
integration.

From (2) and (3), we can write .- ¥ 4N o

e Fu

& e & ady
Assum:ngthgj,__

+ we get the n ¢ conditi :
o By 2er ecessary condition for DE (1) to be an exact DE

s oM Fh‘ ( ]
Ey ar
To salve an exact DE of type (1), follow this rule;
i} Integrate the terms in Mdx as if y is canstamt
ii} Then integrate the terms in Ndy considering X as constant and rejecting the terms
already obtained in (i).
iii) Finally, equate the sum of (i) and (ii} to a constant

Before solving a DE, try 1o put it in the form of equation (1) and verify (4, Then follow
the niles.

d) Reduction of Non-exact DE o Exacr DE by using Integrating Factors

Consider the DF Mf(x. y):ix + Nx, y)dy =0 (I] which is not exact. But if there
exists a function f{x, ) such that f[.t.ylM(z,y]tb: + N{rﬁy}dyl =) hecomes exact,
then fx, y) is called an faregraning Foctor (1.F ) of the DE {1).

Remark: Integrating factors can often be obtained by inspection. A DE can have more
than one LF. There are certain rules for finding LF.s for certain types of Des.

FOLY-EM
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| Equation nd a
The general linear DE of nth order is of the form
L & | 1
%*"I{I]iﬂf *“riﬂi- +ora, (d)y=7(x), 1)
where a(x),a(x), -, a,(r) and f(x) are functions of x only. If
i {x). a, (x].------,a,. {x} are constants, then cquation {1 with be called hinear DE of

constant coefficients. Let us now confine our discussion for 2™ order linear DE of
constant coefficients only, i.e., for 1= 2, the equation { | ) can be written as

dl
e e —E +a, y=f(x) e 2)

where ¢ and d, are constants. If y, and y, are twao solutions of the equation,
{:[’f.+u iu: vay=0 =l3)

then w=C,y +C,» is 2lso a solution of (3). Since y, and y, are solutions of (2), then
It Oy, + C,yy is asolution of (2), then

i : o
E—x—:{c,p, +{.,y:}+a,—({?,_v, +Copy )+, (Cyy, +Cope )

= [ sf!“ i"'az.ﬁ} +C [_:.-t—a,%-*ﬂ,}'J
=C#0+C,x0=0,by (N
o Mg, e

If v =v beany particular solution of

Crva®iay-s@),

then %l:ﬁ%iu v:f{x ufS)

Adding (4) and (5), we get

i’ {uu-] d{u 4 v) i
s il gy +ay(u+v)= fx) A6

This show that p = 5 + v (s the couple solution of (2).

POLY-EM
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The part & is called Complementary Function (C.F.) and the part v is called the

Particular Integral (P.1.) of (2). Then we can write the eomplete solution of (2) as
p=CF.+ P el T)

Observation: In order 10 solve the equation (2), we have to find first the CF., ie, the

solution of (3] and then the P.1.. i.e., the particular solution of (2).

; ethod of findin d. of a 2nd order ODE with constan
coefficients
Let the given equation is f(D)y=0Q 1)
Case I: When ) =¢
1 — , LI i
P..‘.—ﬂme __f"l;a]t provided fia)=0
il f{e)=0

| 1
Pl ———e" ™ —— thengoto Case Il
Fim fiD+a) .

Case [1: When (2= P (x] (Polynomial of degres n)

Sy Y )
i (1= 2]

then expand (1 =() ' in series form and operate on 2, {x).

Pix) ={1=g( D)y P, (x)

Case [1T: Waen O =cosax/sinar £ = eosdr /sinax

ft2)
(i) If F{D}is an even degree function of O then FfiD)can be written in the form

f(D)=¢(D") and PL.=

cosar/sinar= —cosax/sin ax

I
Ho') #-a)
provided #-a )2l
il ¢{~a’)=0 then expand cosax/singx in terms of exponential funclions and follow
Case [,

(i IT £ is not an even degree function of £ then multiply the expression in

numerator and denominator by some factor of [ 1o make it an even degree function and
follow the subcase (1).

Case IV: When 0=V, where V' is any function of x.

aF ot

= ——

1
Aoy . ¢ fove

¥ then apply Case Il or Case 111 sccording 1o the form of

POLY-EM
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[ Short Answer Type Questions )

A. Choose the correct answer from the given altematives in each of the

1. The differential equation whose general solution is v = Asinx+ 8 cosx is -
- [WESCTE 2004, 2007, 2008, 2013, 2017]
] dl - B
{a) jjy =3 {h} :h_}' ==y ic) 11 =0 (d) none of these
Answer: (h)
foa A\ o)
2. The order and degree of the differential equation | %J =x' #J i5 —
\ ™ \ X
[WBSCTE 2006, 2008]
Mayland 2 {hy2and | (e} 2 and 3 {d) none of these

Answer: (a)

3. Theintegrating factor of %:— +3x y =6 is— _ [WBSCTE 2008, 2009, 2010}
i

(o) e by " (c} (d) nome
Answer: (b)
ooy 1 e
4. Integrating factor of the equation E;+ —yp=g' i5- [WBSCTE 2009]
x
(n) x (b} 1% (e) log x (d) &'
Answer: {a}
5 . odly  dy i
5. C.F.of the equation ? } 4;L-+ dy=2'is- [WBSCTE 2009)
g
(@) Ce ™ +Ce™ ) (e +xe)e™ (c) None of these
Answer: (h)
6. P.1 of the gquation ‘i—y 5'% poy=¢"is - [WEBSCTE 2009, 2016)
3 i
{a) % " (b e™ (¢} none of these
Answer: (b)

POLY-EM
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7. Seclution of the differential equation % =X [WBSCTE 2010, 2013]
-

{a)— ‘H =X+C {b) x=alogy+¢

(Lj H=alopy
Answer: (b)

(d) none of these

8. C.F. of the differential equation i‘;% ¥ zii—'+_r i [WBSCTE 2010]

(8) {c. +c,)e” (b) (¢, +xe. )" {e) (g +xc, e’ {dnone is true
Answer: (¢)
9. PlLof (D°-3D+2y=¢" i [WESCTE 2010)

1 o e‘jj

@ Yo (b) Se €%~ (d) none of these
Answer; (b) '
10. General solution of the differential equation %“l o [WBSCTE 2011, 2013)

{a) zy=¢ (b) y=x+e c) y=logx+c (d) none of these
Answer: (c)
1L LF. of the lincar differential equation %: + 1—y =x" is [WESCTE 2011)

I
(a) log x (b) x ()& g
x

Answer: (b)
12. C.F. w the differential equation { P -20+ |] y=e"is [WESCTE 2011]

(a) (e, + ¢, )¢
Answer: (b)

(b) {c, +xc; ) fe) (&) + 2y )e™" (d) none of these

4
13, The order and the degree of the differential equation l'd_i.-:i] _]fL] Q.HJ,_
: oy N
respectively are [WESCTE 2011)
fa)(2and 3) (b){3and 2)

fed(2and 1} (d){Zand2)
Answer: {d)

PR TN
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2
14, C.F. u!‘%—fl =(is [WBSCTE 2011]

() ¢ +ace ™ (b) ex ¥ +ee? () Acos2x+ Bsin2x  (d) none of these
Answer: (b)
15. Sclution of the equation &y ax =dy is [WBSCTE 20137]

| =

{a) ru=¢ (b) x* +logy=c fe) Sx° =logy+¢  (d) none of these.
Answer: {c)
16. LF. of the linear equation %—i y=x*ig [WBSCTE 2012]

X
{a)x (b} 2 (e)—=x (d) none of these
x
Answer: (¢}
1

17. C.F. of the equation %-3%&;;; is [WBSCTE 2012

(a) ™ +oe’  (b) (g +x)e"  (€) e ' +ee”  (d)none is correct

Answer: (i)

18. P.1.of (D* ~4) y =sin3xis [WBSCTE 2012
(1) Il—jsinﬂ-.r (b) —’i‘::’ (©) —y‘:’;h (d) none of these

Amswer: (h)

,'
19. The order and degree of the differential eguation [ J _3.,|'_ +2y=0

respeclively are MBSGTE 2012)
{a} (2, 3) (b¥(3, 2) (c){2.3) {d} none
Answer: (¢}
e d F
W.CF ol ——p=2" iy [WBSCTE 2012]
{a) (e, +xc,)e” () et +ce™” (e (o +xcy Je* (d) none of these

Answer: {b)

POLY-EM
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1. Plof -{—1 - JIEJ}—I +3y=e"is [WBSCTE 2012]
drt
{a) - (b) ™ 5 (d)y none of these
Answer: (¢)
_ _ _ &Y # £y
22. The order snd degree of the differentinl equation {14| = =¢—F are
dx) |- dx
respectively - [WBSCTE 2014]
(e)2& 1 M2&2 {e) ] &2 ()2 &3
Answer: (b)
d*y
23, Solve: '(f;? =] [WBSCTE 2014]
(a) y=x+¢ ibyy=ax+h ()x=uab (d) none of these
Answer: (b) '
24, The particular integral of %-4}- =sin2x is - [WBSCTE 2014]
{a)2coslx . ‘b,_smh {c) sinx {d} nene
Answer: (h)
25. The degree of the homaogenous function u(x, )= < 4 is— [WESCTE 2014)
i
(ayl ib) 2 (c) % {d10
Answer: (a)
26. The differential equation (1 + 2 ale + (' + 1)y =0 s af type —
[WBSCTE 2015]
(&) Linear {b) exact (c) reducible to homopenous  {d) non-linear
Answer: ()
27, The integrating factor of the equation cns::—y-r yeinx=1 s~ [WBSCTE 2015)
X
(a) cos x (b} —sec” x (c)scex {d) logsee x
Answer: (c)
POLY-EM
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28, The differential equation of 211 straight lines having gradient 2 is —
[WBSCTE 2015]
(a) gzﬂ tb}%ﬂ:ﬂ {c,i&ﬂ (d) none of these
Answer: (c)
29. The value of : Iﬂ)ﬂr] 5 — [WBSCTE 2018]
(a) Jx—6 (k) 3% (g} 3x-2 {d} none of these
Answer: (a)

3. The differemial equation %+ Py=00" where Pand Q areeither  cbnstants of x

only is of type — [WBSCTE 2015]
{a) Lincar {b) Bemoulli's differential equation
() exact (d) none of these
Answer: (b)
1
3. The value nfm(msh! is - [WBSCTE 2015)
: in2 in 2 N
{a) —sin 2x (h) —E'—“?i {c) y {d} none of these
Answer; (¢)
. . . dy oy -
32. Complementary Function of the differential equation T 2;; bFy=€ is=—
© [WBSCTE 201§]

(@) (¢ +c)e"
Answer: (b)

(b) (& +e,x)e’ (e +e)e (@) (¢ +ex)e

[ ) 1
33, The order and degree of the differential qulﬂ'tim'l-il | +(% | }- = ':hr:' are —
L s

[WBSCTE 2016]
{d)3and |

(0 3 and?2
Answer: (b)

(b3 and 3 (e} 2and 3

POLY-ENF
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34, The differential cquotion of the family of circles with centre at the origin is

[WBSCTE 2017]
(a) xey + ydr=0 (b) ydx+xdy=0
() ¥’ dx+ e =0 (d) xdv— ydx=0
Answer: (a)
: ; : 4y _dy .
35, The number of arbitrary constant in the general solution of 3 = +5 = +tx=0is-
[WBSCTE 2017]
(a1 {b)2 ()3 (d)4
Answer: (b) 2
1 o 113
36. The order and degree of the differential equation d..{T-: = {I + [Ey] } ane —
L
[WBSCTE 2017]
(a)(2.3) (b}(3.2) (c)(l, 3 {d) none
Answer: (a)
37. LF of the differential equation ii— +21y=061is [WBSCTE 2017]
(a) " (b) & () & (d) none
Answer: (b)

: . o dly oy -
38. Complementary Function of the differential equation Fe) + 3; +loy=e"1s
(WBSCTE 2018]
(2) (e rexpe™ (b) (erreamy™ (e} (erreze™ (d) (e +oaxle™
Answer: (b}

e . . dy ¥ )
39, The integrating factor of the differential cquauon;; . +x° is-
[WEBSCTE 2018, 2019)

(a) x {b) A (c) log. x (d) Nane of these
X

Answer: (b)

40, If the differential equation [2:’ +4y:|¢.t'.:+k[¢x+ y—1)ay = 0is exact, then the value
afkis- [WHBSCTE 1018]
(a) (b) 2 {e)-1 (d)-2

Answer: {a)

FOLT-EM
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B. Answer the following questions:
41. Find the differential equation of all straight lines passing through origin.

[WESCTE 2005, 2013]
Answer:
Let ¥y = mx be the equation of all straight lines passing through origin,
Lm=plL
-1
ey x

di

ar, IT.EI =yar x%—y = () is the required differential equation.

42. Solve the equation 1oy = xdy =10, [WEBSCTE 2005 , 2006 , 2007 , 2008 , mg]

Answer:
i —xdy =0 ar,
Syl x =0 or, y = Cx [Here, Cis the integrating constant. | Ans.

Hi%dizﬂ ar, d{y/x)=0

dv
a&m.:z‘”:x [WESCTE 2008 , 2008)

Answer:

dy dy

—_—d =Y N, —=X—

i g

Let x =:',.'J—':]I'EIJ—El::*ﬁ-I—E

L]

S The equation becomies 1+% =
Y
dz iz

=

i ez
or, Il_ﬁzz!‘dxw - log{l=z)=x+¢

o, loglz=)=1+e . r=l=e"" =¢"s

or, x - ¥~ = de* where A=¢'. Ans,

-
44, Solve: i:;é-—d, 0

[WBSCTE 2005, 2007]
Answer:
dy ey d [ dy dy
— il = ], ——=4 = | =4. or, ==
= ar e W(ﬁ[‘&] 4, or J-J[‘#J -1-_[:!:

POLY-EM
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Ur..‘f'..' =dr+c, o, iy =4y ey @l
dr

= 4
ary= 4-‘!— o o L

ar, fd vl 4I.tdr +4 fd']'

ar =217 +Ga+e; Ans

45, Examine whether (2107 4 4y kit 4 (43 - y - Uadv =0 is exack

[WEBSCTE 2005, Z007, 2008, 2016, 2017, 2019]
Answer: i
Comparing the given equation with My + Nely = 0, We obtain,
Let M =25 <4y, N=dx+ 31

L,
o ©x
A F
r_.*_y ox

S0, the given equation is exact

46. Write the order and degree of the differential equation
xﬂ_'a[.“l-‘-
& \dr,
Answer:

da'y davy ,

—==2l—= | +y=2x¢
xd:r‘ (de ¥
Here highest derivative is :r—: = order = 2
depree of the derivative of the highest order = |
order = 2, degree = | Ans.

[WBSCTE 2008

+y=xg

+ye=1, [WBSCTE 2009]

47. Write C.F. of "';‘

Answer:

dix

F + =0, roots of AE are imaginary,

AE is m® =7 or, m=tip,

SOF =Aeos yf+ 8 sin gl

48. The equation (" + v Jdv— 20y dy =0 is a homogenaus equation True or False
Justify, [WBSCTE 2008)

P T-EM

1

in iffe il E i

EM.125
Answer:
(6" + 37 el — 2z dy =00 or, (2 + 3" yde=Zxy dv
U z i} i 2 ] L ;
wd Xy & [z yl & ) 2]
de 2y de 2y x dr 2|lz) IJ
dy [Pl" ’*}-J (Y
ar.— = = Let = - o
dx ».f rJ "fl:: L) x
UF we compare the given differential eguation with %"-:f[:.,-.'] we get
X
j'(.r.y]=r?:_: - Now, f (x, ) = is & homogencous funetion of degree 2 in x. ). So. the

given equation is said to be homogenous differential equation. Ans.

49. Show that the equation % :H—};f-i is a homogenous equation. [WBSCTE 2008]
XX

Answer:

3 3 -"'[3'? “LJ 14?
a4+ X X ' } ;
= :i-{- i}—lr:f[i]

3’ ir’ x I x

5o the equation is 1 homogeneous equation.

dy 3y
wlx

50, Solve: ay =3

% [WBSCTE 2009
Answer:
0‘]’
- = 3
dx
=y =Jdx

Sfdy=3dy=> p=3x+¢

51. Test the equation {2ay + by)y &+ (ax + 2hvix dy =0 for exuct type.

Answer: e
We have, (2avs by) vdv+ (av+ 200) xdv =0 ... (i)
Comparing the eq, (i) with the form M dv+ N dv = hwe get,
M =(2ac+ by)y, N=(ax+2by)x
POLT-EM"
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AN '
Now, (_—” =2ua1 +2hy, i—ﬁ" = Jax + 25y
av ax
S0, % L - Henge, the gi\-;:n difterential eq. (i) is an exsct diff. eq
&y
o e
52, Solve the equation — = 3duv. [WBSCTE 2010]
I
o Id=13 =
Answer: j— = 3].-1‘;- log|] =3y + ¢ [¢ = constant]
X
$3. Find the C.F. of the equ.ﬁun;i’d'_fw‘-x -0 [WBSCTE 2010]
¥
Answer:
ilrx-rwtr;l.'l (1)
ﬁrr

Let v = Ae™ be a trial solution of (1) . Therefore Auxiliary equation is mi+wi =0,
T

m=twi
C.F.=¢ coswi +o,sinwl.

54 The equation (r‘ +6r_1.':ldx +(» +3x*)dy =0 is an exact equation. (True/False -

Justify) [WBSCTE 2011]
Answer: False
4 By afv* +32°
a':r I_l]=2‘*ﬁ}. ————{ = ]=2_}‘.
o
55, Solve: d’—:z:, [WBSCTE 2012)
dx

Answer:

dy

—==2r or,dy= 2redx
dx

on integration we get, ¥ =x" +¢, where ¢ is on integrating cons.

56 Examine (2x° +4y)dr+ (dx+ 3 - 1)dy=0 iy exact? [WBSCTE 2013
Answer:

Let M =2x"+4y, N=4x+yp-L

Now, ﬂ:.q %:

f}r : 1L r-EM

Ordi i ion EM.127
So the given equation |s an exacl differential equation.
57. Find P.Iof (17 -3 4 2) p=e™ [WBSCTE 2013]
Answer:
| i I 1
Pl =— s e _ 1 e
D'-3D+2" (3 -33+2 2
58. Find C.F of the differential (£ - 20 +1)y - x, [WBSCTE 2013]
Answer: .
Lel = Ae™ beawrial solution reduced equation of the given equation.
- Auxiliary equation is ' =2m +1=0 or, (m- 1:|J =0 ar,m=1,
So the C.F. of the given equation is (c, +c,x)e”
59. Solve the differcntial equation dx = 3xdy. [WBSCTE 2013]
Answer:
We have, o =3xdy  or, E=Z’nafv
X
on integration; ¥=c¢'", where ¢ is any arbitrary constant.
60. Find the LF. of the linear equation dy/dx+3x'y = éx. [WESCTE 2013)

Answer:
We have ﬂ+ Ity =6x
dx

e
50 LF, of the given equation is HJl * o

61. The eqiiation (x* + " )iy~ 2xwdy = 0 is a homogeneous equation. True or False

jusitify. [WBSCTE 2013]
Answer;
W Q) ey - d XV ey
e have, (17 + )n& 2oy =0 or, . Flxy)

o () - BLOY it
N . S -'}] MI"IHIJ'} = cP n-’lx-.}]

S0 f(x,¥) is a homogencous functlon in x, y of degree zero. Thus the differential
Equation is also o homogencous differential equation.

POLY-EM
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62. 1s the equation (x* =" Jdr—(x"y - 3" Wy =0 nan exact equation?
[WBSCTE 2014]
Answer:
The equation (x° -7 )dr = (v - v')dy=0
Let, M=x=-x" and  N=sp'-x'y
oM N
— =2y M — =11
e &
S, EN S0 the given differential equation is an exact differential eouatinn.
v

63. Find the differential equation whose general solutions are y= de’ +Be ™

[WBSCTE 2014}
Answer: . .
y=de + B
d—= - Be’
dx
d_.. &r =y
ﬂuv 0
dx*
x & du
64, If ulx, 1.r}|=--:.mmﬁndlhevalnrnfx—q;qr}a—y_‘? [WBSCTE 2019}
Answer: )
- rl+(£}
L ¥ _F Y a x
. ufx, y)=—t+== = .
y & x¥
: )
i thi
So, u is a homogeneous function of degree 0. Therefore e -.: =0
jgn 2 o [WBSCTE 2018]
65. Particular Integra) of the equation - p=g'is

I ; |4 SN (d) Mone of these
b} — {ch)e
(a) !‘.‘E {b) 53¢

Answer: (d)

PO T-EM
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ww+n#
6. Solve =0
+ +y; [WBSCTE 2027]
Answer:
yey + xdx
Xty
:}M—zl'd*x .r ==0
x r+y
=d[£]x L
% l+[l]
1
d[l
= X —=0
E+[£]
X
:}d[lfm" ]=ﬂ
X
= Idrlm"i‘:]: jl]
ST
:;tnn"[l]-c Ans.
x
' : . i . dw
67. Find particular Integral (P.I) of the differential equation ;&—'_, -p=1.
[WBSCTE 2022)
Answer:

The differential equations can be writién as {D: - :} y=1
S0, the character equation is p* —1=0

= p=1l
2 The complementary function is e’ + Be "

S Particular Integral (PL) = o

So, the peneral solution is, y = Ae' + Be " -1
Whenx =0, vy = 0 then A +B = (1)

POLT-EM
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y=de"+ 8¢ =1

=w' =4 4B

When x —» infinity then ¥ —» to a finite limit

2B=0wmdA=(-1) *  oy=(-e")

( Long Answer Type Questions j

dv ¥y
= 1.5ohve Z L
R [WEBSCTE 2004, 2015)
Answer:
.y i
u‘.r. X o

dv 4
Let, y=wvx, x—+2v=¥
dx

dv 4 dv dr
or, x—=v%" =2y or,— =—
dx v —2v x
I dv  _ rdx
‘-'W 2) ‘l
v—{v 2} _ pdr
Iw{vvlj "-rx “[jv z v] ”-
m.lng”_ =2logx+loge =log ex’
v ]
=2 .
2 =ex .
L3
.
dr,l—i=ﬂ! -:;Il',ﬁ-I'.i—n!:k’:}f:uI= T
v ¥ |=ex
D 2. (a) Sotve: %:-‘-&ml [WBSCTE 2008, 2009, 2010, 2013]
x x
Answer:
dy y
— = T M_
dx x+ x
1d§=vur,_|,-=w .%=u+x~d—‘

. The gbove equation reduces 1o u+:§=v+ tan v

POLT-EM
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v odx i
ar, =—pr, ool vdrv=—
lany x x

Imegraung both sides we get, fwwd&' = IE or, logjsin ¥| = log x + 4
X

A = integrating const,
or, log |sinv| = log Cx where A = log C

Lain F=lx ursin(iJ =Cx,
x

or,2 =sin"'¢x. or,=xsin"' Cr Ans.
x

= 2. (b) Solve: %:L-x’.(}i\m y=1,when x=1,

xI
[WBSCTE 2005, 2010, 2013, 2016, 2019]
Answer:

ifl-' » =
— = v =1 when x=1
dr  x e S

de_y_ dy Yy =
ur_a—:‘-.:’ or, -(E-+[——x Ny=x

This is a linear equation in x,

DR =™ e gt

Multiplying both sides by x™, we getl x '%x"’y: 3

hr,i{y.r" }=xor, dl:y:"] = v,

,.J-d(y:'"]=J‘xdt ur._v:r'zgn-r.

When x=1, y=|

| |
Sl==4C I‘C=--
2+ e

=—Ei +x° ‘lar;.*—ﬂ_hr] Ans.

'-«I‘t

:J.(I]Sulved—;=l+y+r:+)n': [WBSCTE 2006, 2008, 2017)
‘
Answer;

oy
-;—Eltr]-lx{l+_l'1'[1+}‘]n[1+r}

POLY-EM
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I*- » 1 +x°
or, log{l+ 1)+ logC=tan ' x
or, logC(l £ y)=tan"' r [logd” = integrating wonsin. |
onCll+y)=e™ x

| s

or,{l + ¥)=C'e whmt"=‘l_ ans

= 3. (b) Find the particular solution of cos pdr+(1+2e ")sinydy=0 when
x=0,y=xa/4 [WBSCTE 2008, 2007, 2008, 2010, 2013]

Answer:

cos velx + (1 + 2™ }sin yay=0

or, cos pdy = {1+ 2 " }sin yolv

dr .

of,————=—tan y 4y ar, — |tan ydy

1+2¢" i j =~
Lcw'+2=- se'de=dz

_[ —I =log z=logle" +2)

2" 2
Slogle” +2)=log cos y +C
nr.lugf +2=C

cOs ¥

: 1+2 3

When x=0,y =x/4,C=log| —— |= -1- - log3v2
4 ﬁ;
[ng‘:\J— Ing ar cosy(W2)=¢ +2
as V
or, Cos E znr y=ms"[‘.+z] Ans.
PR W2
b4

-4 Eulv::%—li#—+5_pzlﬂ 5in x [WBSCTE 2007, 2014]
Answer:

|
d'y $+5y=!{lsmx
de’  dx

PO r-EAE

Ordinary Differantial Equation

bea trial solution

EM.133

Leét p=e™
S0 the auxiliary equation is m’ —2m+5=10
or (m 1) =47

e, m=14+2

orm —2mal=—4
ar.m— =42
L OF(ph=¢"(Acos2y+ Bsin2x) where A and B are arbitrary constant.

Now Pl ()= 1sinx = sinafputting F =-1]

1 10
B -2D435 ~1-204+3

sinxy= sinx

4-20 2—1)
_32+ ﬂ) _ 52+
4=ir = A=
={D+ 2}sin x= [Xsin x)+2sinx =cosx + 2sinx
». Complete salution will be
y=C.F(+ Pl(y)=e"(dcoslx + Bsinlx) + (cosx + 25inx) Ans,

sino{ Again putting IF =—1)

= 5. (a) Solve: (1+x )ay—x"pdx=0,if y=2, when x=1.
Answer:
(I+xj‘pa}~=x:_wir

WBSCTE 2009]

T
nr,lJ' SX IQ{LEI I+x'sz or ¥'dx = lt!zl
3w ¥ 3

|
or, EIDEM =log y+c w.*:l’:h:lg{l +x)=log yre

ordog(l + x') =3 log v + 3¢
or, log(l+x'Y=log s’ +log ¢ where 3" =log e
or, (1+x") =’ Ans.

= 5. (b) Solve: rh::g.\‘% by=2logx [WBSCTE 2009, 2012)

Answer:
ey & ;
f"lﬂgi'""" Fp=2logx or,—=—+ o
oy ds xlopgx &
This is a first order linear differemial equation.
[t f L)
Here'lF.= ¢ * L = bog « _ elu‘ﬂnl o=ty

S Multiplying both sides by log 5, we get

| e

POLY-EM
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logx—+—=

dv v 2logx
dr oz X

wr, _[:."1, plogx)=2 | — a4t

2 h‘g‘ letlogx== _._dr

ar.ylog x=

x 2
—-jtf? "’_T I-‘-:—“E—E-{L+c=(lngrj"+c

.. Reguired solution is v log x = (logx)* +c Ans.

d’l _dl

= & Solve: Ldr—-rﬁ'dr +-l:'|=':]. where L R.C are all constant and R°C = 4L,

[WEBSCTE 2008, 2016]

Answer:
Let 1= Ade™
So the auxiliary equation will be
I e - 'Rg e 4-L
Lme™ + Rme™ +—&"0 " C=—
4L, e
T _l R
or. (40m" + 4LmR + R*)e™ = — -
C 4L

Sinee ¢™ 20, {2 Lm<K)¥ =0
or,(2Lm+ RX2Lm+aR)=0 Hence the roots of the

R R
OF ] = = ee

25" Zf
FC=4L

A E. are real and equal. So the required solution
[=e™(A+8r)=e""{A+ - Br) whcrc&andBamubtmrymmunL
I=(A4+Bt)e ™™  Ans

= 7. Test the equation (x* + 2ye™ )dy + (2xy + 2)7¢" Jde =0 for exnct and solveit.

[WBSCTE 2009]
Answer:

We have, (2xy + 2;;-,-".:“].:1‘.:?(1‘ +2y¢")dy=0 )|
Comparing the eq. (i) with the form M de + N dy = 0 we get,

M =2xy+ 20", N=x' +2pe”

oM anN
Now, — =2x + 4xpe”, — = 2x +dxpe™
By X+ e P

heretone, MV

B o

POLY-EM
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So, the given differential eq. (i) is an exaci difl. eq.

EM.125

Hence, the required solution is:
H_'r’ + Zye")aj.- (Keeping y as constamt)= ¢ , where ¢ is an arbitrary constant.
O fy+ye” =¢

< 8. Solve (22 +dy)dus(dxs y—-1)dy =10
Answer:
(2" + 4p)de (44 dv=0

or, 2x" dx + 4 vdx + dxdy + vy - dv =1
::-1];:‘&: +4]:d{a:u}+ [vdy ~ [dv=0
x 3
=3 —Hg+—-—y=0
“3 Xy 2 ¥
= dx' +@ay+3y —6y=k
L::\d.t*+3y’-ﬁy+24.ty:t|

= 9. Bolve: (D° =1}y =xe™
Answer:

(0 -y=

The auxiliary equation is m® ~1=0er,m* =1 or, m =+, which are real and unequal.
LOF =" +o,8™

1

Particular 1 ]| = M=t s —
icular Integra B _1[e ) {D+2]'—l,
_ i [ b !
T Trape
B - T i
1 1 e ¥ +4D
= ¢ ——— m— ] 3
= '+ 4D (x) ![‘ 3 ](ﬂ
31+ -—-—i-—-—-

EE | F i)
=.e_{. M]“_[i)
3 3 3 3

Therefore, the required general solution is y=ee' +oe’ + l}r"'[r = -—;]

where ¢, and ¢, are arbiirary constant independent to each other.

FOLY-EM
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7%y dy
210 Sobve: S 4% i3y =10sin v
e g iy [WBSCTE 2010]
Answer:
l[—'l‘-—!v—#dr—"+_'i1 =|0=sinx
dv’ e

It can be written as, (£° - 40+ 3y " | Usinx

The auxiliary equation is m” —4m+3=0
arm —m=3m+3=0 or{m—1m=3)=0
or, m=L3

. Complimentary function is ¢’ +c.e™

Particular Integral = {10sinx}=10-

b -4p+3 b sl

|
fedD43

1
=1{}J¢mfsil‘l1}=’ﬂl 5

5 {sin x)

Ging) =5xdt2D ingy o5 HnE T 2eosx

1
2-2D 1-4p7 1—4(=1*)

=5x

wy=CF.+ P15
=ce’ +ce” +sinx+2cosx is the required general solution. Where & and ¢, are two
aritrary constants.

< 1L u=tan” sy shcwthmxﬂ+y—=5m2u [WBSCTE 2010]
x—y de 7 dy
Answer:
i’l‘
X+ X+ IJ[H::_'J
w=an? I grane =X L -—r‘#(l]
x—3 x—y J(I—g] L
¥,

Which shows that, 1an u is a homogenous function in two variables x and y of degree 2.
Therefore, by Fuler's theorem we get,

:%[mnu} ¥ _}eg‘-{ran uy=2tanu

or tm*ud"-a- e’ i 2tan
A —+ — = M
dx dy
p .
or, ¥ 4 ydﬁ 5 2l

cos’ w= 2 sinu cos ¥ =5in 2u
ax T dy cosu .

::-1'.153‘Hll Proved
e _._d“_
dx yﬂ:}‘ sin 2w [Praved)

POLT-EM-
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2 12. Solve the equation psin 2xdr = [i + 3" +cos’ x)afy,
Answer:
We have, ysin2rdy - {1 + pt eost r}dy =0
Comparing the piven equation with Mdr + Ndv =00 we per,

M = ysin2x, .-‘u':—l:l+y:+cos=x}

asM . aN -
Mow, —s=sin2xy; —=sin2r

L} | a E'h- E

So, equation (1) 1s an exact differential equation
Thus, solution of equation (1} is

J-_L'Sil'l 2xdfx (keeping ¥ as constant) + ﬂ—1 -y }:{v =
where, ¢ is any arbitrary constant,

cosdx J.*j
ar, —— e p—i—=g
i M
ar, Iyeos2r+6p+2y' +6c=0,

ﬂ”
= 13, Solve: Ey " 4%+3}f=£—h
Answer: .
Wehaved—“+4il+3y—e '
oy de

Let y= A4c™ bea trial solution of the reduces equation of (1)
5o, the auxiliary uquatiun ism' +4m+3=0  or,
Thus CF=gg¢ = Tt
where ¢, ¢, are any two arbitrary constants,
1 3 I
“BaEa)” P&
o ) S R | 2

e . Eem—

2 D43 ST 2

Hence the general solution of equation (1) is y=ge ™ + ("

= 14, Solve: [ﬂ“ f ’.’.tl+tﬂ)tr= ~37sin 3x
Answer:

Wehave (D' +2D+10)y =-37sin3x

m=-3 -1

EM.137
[WBSCTE 2011]
- {1}
[WESCTE 2011]
« (1)
x M
_E"
[WBSCTE 2011]
(1)
POLY-EM
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Let p=4e™ beatrial solution of the reduces equation of (1)

So, the auxiliary equation is =~ m’ +2m+10=0

-2++/4-40
L © T e

Thus CF =& (¢ cos3x +¢, sin3x) wherec,, ¢, are any two arbitrary constants.
|

of,

1
Pl=-37 —————sindr =—37————sin3
ETET TR T i YT, WHT il
-
=-37 J sin3xr =-37 'Et 15!’:13.1
2D+ i o
=37 z;_' sindx =6cosix-sinix.

Hence the required solution is y=¢"" (¢ cos3x + ¢, sin Jx] + 608 3x —sin3x,

2 15. Solve: ‘-{Vv-;'—”-[ £ 1] [WBSCTE 2012, 201
& 3 hﬂx+ ol

Answer:
We have, -d)’-::"'[]crgy+]]......,..,..{]j
e

xoox
¥ dy dv
Let, ==w or, y =vx or, —=p+i— -
> P ds

x
Therefore, from equation (1) we get,
v+ x% =v(logv+1)

& _de

N .

W X—= ' or,
or, xd‘x viogy r, W
or, log(logv)=log x + loge, (¢ being any arbitray constant, |

or, log(v)™ =0
ar, [z] =|_ L
x)

2
2 16. Salve: %?wlxrﬂ.wh:n r:D.E:U and x=q,  [WHSGTE 2012, 2017]
Answer: ' _
2
We have, i—:+wix=0 w1y

Lel, x=4e™ be atrial solution of eguation ().
L T-EM
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So, the auxiliary equation is m® «w’ =0
or, &= jw
or, x = ¢ cos(wr ) + ¢y sin {wi) w(2)

L&y, ¢; are two arbitrary constant.]
Again, itis given thatat r=(0, x=a
. a=gcos{wx0) org=a

andat 1=0, E—--1:]
dr
Sl=aw
or,e;=0 [-w=0]

Thus, x =acos(wi), which is the required solution.

= 17. Solve: (n=~4n+ 4)y=n“. [WBSCTE 2012]
Answer:
We have, {D:—4D+4:|J-'=Jn-h we (1)

Let y=A4¢™ be s trial solution of the reduced equation of (1L
So the auxiliary equation is m* ~dm+4=0 or,m=12;2
L CF =(c +eyx)e™

| Ir n | 3J 25
MNow, Pi= e R
D—Z} il &

So, the general solution of equation (1) is ¥ = (g +e,x)e™ +§¢1‘.

D 18, Solve (xdv + yay) + (xay - )/ + 37 =0, L
Answer:
We have .uir+}rjy+{m__m}1{x:+y:)=ﬂ

xahy =yl d[i]
m.%{zmwmh-;%,—ﬂ ﬁr.i—(znﬁw:_uﬂ'h A

)

On integration; %(r‘ +y’)+1:nn"[£J =¢, where ¢ is the arbitrary constant.
x
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2 19, Sabve (DF 4+1)y = xe™. [WESCTE 2013]
Answer:

We have, (D7 + 1)y =xe™ e ()

Let v=Ae™ bea trial solution of the reduced equation of (1),

So the auxiliary equation is m® +1 =0 ar, m = +f
o CF. of(1)is c cosx+c.sinx. where ¢, and c; are two arhitrary constam

Now, P.I. = .,I xa™ = I—]e—eh #3—1—1—3:' =L s
or+1 (D+i}'+l X +2D+2 10

Hence the general solution of equation (1) is y = CL +P.L

i e T
=g, COSX S0, 5N ?ﬁ“; ;

¥ 20. Salve (D" +4)p=x" [WBSCTE 2013]
Answer:
We have (07 +4)y=x' <11}

Let v= 4e™ be atrial solution of the reduced equation of (1).
So the auxiliary equation is m* +4=0 = m=22%
o C.F. of equation (1) is ¢, cos Zx + ¢, sin2x ; where ¢z, are two arbitrary constants,

MNow, PI = e

(- [ (R — wfﬂ_a_(f_g i

Henee the general solution of the equation (1) is

y=CFP+PlL=g m52:+c=sin2:+%[x: -%J

Ty dy

D 21 s0tve; LL_ 4Py g iie [WBSCTE 2014]
dx dx

Answer:
Here the auxiliary equation (m* ~4m+4)=0

or, (m-2)" =0 has two real and equal roots m=2,2

+ The complementary function = (A + Br)e™

POL YA

1

Ordina ia
| 2

(p-2)

. Particular integral (P.1.)=

. The complete solution is
4

y=(A+ Br)e” +Ie"-;r—2 {Ans.)

av

= 22. (a) Solve: d—-.{ri—y}’.when x=0y=1
¥

Answer:

an'|z|=x+C
an ' (x+y)=x+C

Fil
€3

5 . . T
. The solution is tan ' (x+ y) - x = =

[ x=0.p=1]

D 22, (b) Solve: Z—':+_1.*m{.1'=1r;usx

Answer:
g t peoty = 2cos v, which is o Leibniiz's equation

Here, Pscolx
and ]-."':1':: Imr.x x = log|:in ).'|

x
! ! g g

B e = 7
(D+2-2) r

EM.141

[WBSCTE 2014]
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i e
S F el ™ el gy
. The solution is
psinxr= jEcl:rs rsinvded

ysinx= Jsin 2x4C
; 1
ysinx= l—rcosZr ¥

Qusiny+cos2y=C  (Aas)

= 13 Solve D - _XHycosx
dr l+sinx
Answer:
dy  x+ycosx
dx | +sinx
or, (I+sinxldv+(x+ yeosx)dx=0 (1)

Now, %{Hsinx}:msx; -;—P[A""_}"EDEI)=GDEI

So equation (1) is an exact differential equation
So the solution of equation (1) is
Il.r+ycosrjd_|: (keeping y as constant)

+I dr=c
or, Zy+ysimx+y=e

1 T8 {a) Solve j—:;— % + 9y = 2sin2x

(b) Solve fl_s%m;:;*

de?
Answer:
d'y _dy
B ——_ff— r= 75l |
]a‘x‘ :2‘5:+9} Zsin 2x (n

Let y = A4e™ be a trial solution of the reduced equation of (1)
<+ Auxiliary equation is m’ - 6m+9=0

or, (m-3F =0

ar,m=33

So CF, =(C, +C,x)e"

EM.142

[WBSCTE 2015]

[WBSCTE 2015]

POLT-EM
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I S I
Now, Pl=————123in2x =0——— i -
D —6D 19 Sin2x 2—2’—6D+9=m ix ES_M}SIHZx
. g S5¢6D | 5460
=F 2 = —— =
s 3o 2« lzs_lﬁ_zl}smh 2 sin2x

s -
=E[$m2x+lz cos2x)

So the gencral solytion of (1) is y=(C —Clx}e" +%L5in 2x+12¢cos2x)

2
b) We have %‘;—5%4-&}-:3" « (1)
Auxiliary equation is m* —Sm+6=0
o, (m-2m-1N=0 or,m=2.3
Sothe O.F = Ce™ +C,e"

I dn I 4

NGW, Pf.=— = [ ] — e
(D-2(D-3)  (4-2X43) 2

So the general solution is y = Clgz‘ +C,e™ +.'T

= 25, Salve the differential equation (D' -3D+2)y =" [WBSCTE 2016)
Answer:
Wehave (D' -3D+2)y=e" .. .(1)
Let y:dg“"b:al,riai solution of the reduced equation of (1,
S0 the auxiliary equation is
m -3m+2=0
N or, (m-2m=1)=0
or, m=2,1
So C.F. of (1)is o™ +e,e’, where ¢, and e, are two arbitrary constants.
PRI = I gh = ! gl" —_e—".
(D-1XD-1)  (3-1§3-2) 2
in
S0 the general solution of (1) is y - e vee' + 2
= 26 Solve: (' -2 41)y =’ [WBSCTE 2017]
Answer:
We have (D -2D+1)p=xe (1)
POLT-EM
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Let y=Ae™ bea trial solution of the reduced equation of Eqn. (1),
LAE s mit =2Zm+1=0

or, (m-1)" =0

oL, m=1.1

so, CF.=(C +C.x)e

P.L= ] .I:f'=E;; ::-?1-1—,;: =EJ—E—(
(D-1y

x
(D+1-1) D D

A

e
12

Sothe G.S. of Eqn. (115 v = (¢ +c.x)e" +

?r+_v=xel.. given thaty =1 when x =

X

< 27. (a) Salve the differential equation: x

.

(b) Solve the differential equation: (D — 4D + 4) y = ™. [WBSCTE 2018]
Answer:

ay s
a) Wehave x—+y=x¢
] e »
ar, ﬁ-iw’ - (1)
dx x

This is a linear in y.
1
N F.:QI" ¢ ®'=x
Now, multiplying_:quaﬁm {1) by x we gel,

d :
== =xe
L
On integration we gel, |
np=xeg"—e +c e (2)
Given, y=1 when x=0 =0=0-1+c

orc=l
- xy=(x-1)¢" +1 which is the required solution.

b) Wehave (D’ -4D+4)y=e ™ e (1)
Let y = Ae™ be a trial solution of equation (1).
. Auxiliary equation is m* —dm+4=0

or.(m=2) =0

ar,m=2,2

LCF. =(g vex)e®
MILT-EM
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TR
R ST Al
T (—4Y 16

L
" . 3 5
5o the general solution is v =(c, +c,x)e’ ’+-..._| =

= 28. (a) Find by integration the area of the region bounded by the curve v =1

and the line y =4, [WESCTE 2019]
Answer:
Given that, v=4
Let line represemt
=i
Also, y=x°
= =y
Here, ADB represents
¥ = ¥
We have to find aren of AOBA
coArea of ADBA = 2= Area of BOND
L]
=2 |xdy
!
=y
= X = i.‘f_;
Since, x=+%p
i i i {
Area of AOBA =2 jx dy=2 }',,'Tnf_r =3 I{ ¥ dy
- a | :1 IP‘ I .
Lal - : = s i
L ~n|d =2 2 _‘1[ "‘.}_.l" TI
2 - - — | ==il4 =0
1 » 142 3 3 R L |
2" 2k 2
4/ 1 4 ., 32
==|[2] % |==%D ==
3“ j J RN
= TN ulx, ¥) = tan A "_kfy_' , then by Euler's Homogeneous Theorem show
oy
i v
that x4 p== 0, [WBSCTE 2019]
oy
POLY-EM
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Answer:
¥

oot &
Lt u{.'r._v]:lan' _l_ x'1j=mn'|f~+ x =x"¢ 2\'
( I XFy \ X xJ
1+J'—]
N X

So. u(x, v) isa homogeneous function in x, y of degree zero,
Therefore, from Euler's theorem we get

oy a
rgwﬁ =0ulx, y)=0

& 29, Solve the differential equation .'!-ﬁ;ﬁ-dz—j =0, G b £=
eq dr*'dry'mn“g'aftl

when r=0. [WBSCTE 2019]
Answer:
We have
d*v  _dy
I—=45= 3Iy=0
T R ()

Let y=Ae™ be a trial solution of Eqn. (1)
So the auxiliary equation s

2’ 4 5m—3=0-
or, I’ 4 -m—3=0
ar, Zm(m+3)-1(m+3)=0

o,  (2m-1)(m+3)
|
or, M=— m==3

5o the general solution of (1) is

y=Cer +Ce™; €, €, are arbitrary constant
MNaw, ﬂj\"ﬂl x=0, y="9
Therefore,
9=C, +C. (D)

Agail'l, I:{I. ﬂ g—.I
dx
Therefore,
R wi(3)

POLT-EM
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Solving (2) and (3] we get,
%=28 = C =8 and O, =1
S the required solution of the differential equation (1) is

A
y=8e+e™

& 30. Solves 2ap+3x7 2%{2J'_r2 +1) (WBSCTE 2022)
Answer:
. dr
+30 =—(2y=x"+]
2 ot )

= (3% + 2oy +x Jar=(2p+1)dy

= (2xy 430 e = (x =2y +1)dy

M=2:}J+31"N=(:=—2‘1’+I]
aM N

A . =
oy dx

General solution of exact differential equation is-
[Mex+ [Ndy=c

=3 ”Ex_l' +3r° }'.'l'_k' ] I{ —2_1r]d_v =L

Sy =y =0

2
2 31 Solve: ﬂ'f+:a£+;,-=x". [WBSCTE 2022)
dlx ilx )
Answer:
di}" dy i
— =42 —+yex
e de
Let, y=Ae™ be atrial solution of the reduces equation of (i)
The auxiliary equation (s m® 4 2m+ =0 ar,
m=—1,—|

Thus, CF=ce™ +ee’
Where ¢,,¢, are any arhitrary constants,

s I 5 |

(o) T m

POLY-EM
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: e X
2. Henee the general solution of equation (i) is, y=ce¢™ <67 ——¢™

= 32. Solve: ydy = [)'1 - 11.1.‘ + I)Gfl
Answer:
_Lu‘y':{_:': - I)[.r-rl}dr
d §

I.'E‘PE[_'I-" -])(x-i-l}

,“' =
= (}__,_I}q} (x+1)dx

s SE— :
= II:_F’ -I)d} (+1)a
Taking integration bath sides,

2y
< - [ yefx
Jz{y’—:}’!” Je+1)
= l .—2‘}._ = — X
27t =]

:ss.sum—@+ =1yt .
e Xy =xy

Answer;

(5]

L]

[WBSCTE 2022]

[WBSCTE 2022]

POLT-EM

0 i ion
=z
i I - L b
d oy 3 de
P(X) = —2x L dy 1de
Y oz odx

£ o

= %{z:": } =™ x(-2%) ’: :{P(")‘t= !'2"”*:‘_:;

Sze” = Iz": x(=2x)dx
Bl

=z =8 +e
a
==+’

l "
== T ce’
¥

2 I
=

1+ce

)

EM.149
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Chapter 5: Partial Differentiation u

Chapter at a glance:

5.1 Partial Derivatives

A pariial derivatives of & function of several variables is the ordinary derivate with
respect to one of the variables when all the remaining variables are held eonstant.
Consider a function v of three independemt variables x, v,z

u=fiixy.n

Keeping ¥, = constant and varying only x , the p&rtia.j derivatives of u with respectto X

E}“ 4 -
is denoted by s and is defined as the Iit‘nﬂ g hm [+ 8ny,2)- flxy.z }

Ax
this fimit exists.

Partial derivatives of » w.r.to. 3 and z can be defined similarly and are denoted by
ou

and —
&z

|2

] yow) - jom

Lo fix.p+Awz) - f(x.v2)
L S Ay

B _ o Jixyztan)- [lxy.z)

gz T acd Ar

Notation: The partial derivative % is aiso denoted by % or Jf{x,z) o f, or

D.f or f{x, ¥,z) where the subscripts x and | denote the variable w.r.L. which the

partial derivative is carried out.  Thus we can have E=%=f,{;,y.z}=ﬂ=

i

D f = f,{x,¥,2). The vilue of the partial derivative a1 a point (a,b,c) is denoted

gu i
b}l E}"pu e T L -_ {_&-]:‘,"JI B f‘ [“’. b‘ {']

a
Example: If f(x, _y)=2.:;1 ~ay+ 2y then find g and i;i at the point (1, 2)
dy '

1

Partial Differentiation

EM.151
Answer:

W i:d:—y:[i] =40 =]
fx Lax 1,

.@_'“Hb}.:{i =—1+12=11
v &y

5.2 Hi i i

Partial derivatives of higher order of a function f(x, y,2) are calgulated by successive
differentiation. Thus if

w= f(x,y.z)then

I,r:f_*’k af _ofd)_. f.x+ﬁy> % ¥)

ax* &r‘ e ]

E'__ &f Flzvb, )£ (2 0)
S ey axiy E:[ ] 4 h

.f,,:f':,=_“_ﬂ_a Bf] ! f('r'.}'hﬂ'fg';x-."'.l

33

7]
Wl
r

r's;pa:‘ayax“ Bx) 4 k
B Fil" ) . fleyrk)—flx v
fo=tfu= a‘l‘ By —[r_}vw-hr:a =
= In general the crossed or mixed partial derivatives %ma& are equal,
S -E-I:f _ﬁ?!fl
Tandy By

i.e., the order of differentiation is immaterial if the derivatives involved are continuous.

& o the subscript nowtion, the subscripts are written in the same order in which
diferentiation is carried out, while in the * @ * notation the order is opposite, for example
2

* A function of 2 variables has two {irst order derivatives, four second order derivatives
und 2" of ath order derivatives A function of m independem variable will have
m" derivative of order n

POLY-EM
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5.3 Homogeneous function
A funetion f(x. v} is said to be homogenous of degree (or order)  in the variables x and

i |
¥ ifit can be expressed in the form fix.3)= ::".i| s ] or flx.p)= y"wi‘i
W ¥
or, flm o) =" flxy)
Similarly. a function f(x,y,z) is said to be homogenious of degree 4 in the variables
X.y.2 ifit can be expressed in the form.
z

L {
flx:p2)= I'iﬁ[%-i] or f(x,v,z)= vw&:]

or flz. nz)= :'g[f_-.i:]ur Sl )y =1" flx,2,2).

-

=3

Gl

is not 4 homogenous function.

Example: Show that 7({r.v)=

| ilx’ = _L'!

x+y

is a homogenous function of x, yand find its

degree. Butsin
Answer;
evy _ 5{1+3)

R Y

i f is homogenous function of x.y of degree lz

-Al'h:ﬂh:r method:
I+ nx+u 1
(O P as AR Lie 2

Tl T ) Fondy T

. |
oo f is homogenous function of x,p of degree ;

] : |

Let g(x,yp=sin' XL 1Y
+¥ '
|| x ] ] % R | Ty
i t r+ ! I
glre, fy) =sin __I . 'F v-sin'l———y=sin'IHMt:'ﬂ‘sln'L*-—j—
fx+ 1y ! T+ Ity X+

FOLF<EAM

Partial Differentiation EM.153
|| ] ]
osint XY i ot homagenous funclion in x. v

X+

5.4 Euler's Theorem .
a) If /(x, y) is a homogenous function of two variables x, v of degree n

then ) ,,-Ef__... NE{ =nf

eéx iy
b - B
i) [xE+ %] f=x 8_f+2na:£} 43" ; =daln=1)f
b)If f(x,y,2) is a homogenous function of three variables x, y, = of degree # then
S
i .t-a"—r+ yur =nf i} {x!£+_1--f~+:—'?] F=nln-0)f
dx L\ o T oz

( Short Answer Type Questions )

L. Verify Fuler's theorem, when f(x, v) = ¢ +
Answer;

[WESCTE 2005 , 2007

flx.y)=x"+y' = x:[t +(i]}= 0/ x), Say

The function is s homogenous function of degree 2
Let w=x"+ 3

ot - O
—_—= ~——1
e
A A
x%*f i%‘r"t‘l ¥R =208 k=2

S ) satisfy Buler's theorem.

2. Evaluate i4":—“"'1.-”11:11 Z=loglx +3")
oy :

[WBSCTE 2005, 2007]

Answer:
£ Eug{;’ ),

POLY=-EM
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Let u=x" +3° .'.::lngr:.ézl-
o u

'.E=Er.r;1=2}' '.E:$.$=l.2x= = -

& oy ér Onix m x4yt

& & du | 2

—:4_14_.:d_:}=_ ) — Ans

& fuey wu L b

3. If U is a homogeneous function of degree n in x, v then %% are each of

homogenous funcrion of x and y of degree -

[WBSCTE 2006, 2008]
@n+1 (b)n (chn—I {d) none of these
Answer: (b)
4. lfu:log{x‘+_:—"]. show that :_E+y%u-=2. [WBSCTE 2008, 2013]
o .
Answer:
3 ou 1=2x 2x
= 10glx" + )P ) — =—— = ——
fE ) }'E'x X+ ey
E; _'Ej" = ".IE:&}F@:E[ 1}‘ - & 1_:." 1]nzlpm‘|,ﬂdl
& x+y & @ \xrty xty
iy L TE 200
5 Ifu=x+y jthen x—+y— isequal to— [WBSC Bl
& oy
I
(a) 2u (b} 3u {e) -;r.- {d) none of these
Answer: (h)
6. If w=y/xshow mmxﬂ+_v_ﬂ=ﬂ [WBSCTE 2009, 20M8]
& T .a
Answer:
¥ 4 Gu i ¥
| —2—N '—E—' e
* i lir's i x
El"i.--x"=l,,r--'an!--=—£+£=ﬂ [Proved|
&y Y X X

POLY-EM
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7. 1Fz=tan '1‘-- find the value QFE [WBSCTE 200
X o .
Answer:
4 i 1 . ¥ -4
Z=ta"— T 4-x"}) = 5 M
x A H_J_f'[ i .I:i-lﬁ’[.!rJJ 416 i
IJ

= dee oy
8 IMu=tan™ L, find the value of x 2 4 4t
2 a2 dy

s [WESCTE 2010]
Answer: %
w=tan" 2
¥
-d—-"-: 1 [—i]: _'v = E’E— i [l\— *
dr l+£:- I" x?-].:pl a:p l+£ .I.',J_I + W
x x‘t
dy i Xy
R . —0A
dx yufv oyt ey Rl
9 Ifu=s 2. X rove that EF-+ - zi}—=ﬂ 201
g g yl‘-" I‘h y¢)+ ‘= [WBSCTE 2010]
Answer
Given u=2 424X
zZ x y
Therefore, % = —i= + x [differentiating purtially with respect to x|
© ¥y
dy 1 x piit .
ar,x————+— |multiplying both sides by x| (1
dc x y
g1 ¥ gt .
- =———— |differentinting partinlly with respect to v]
oz
fu v ox
Of, y—=—=—
& £ @
du %L - ’
v ===+~ [differentiating partially with respect toz]
LI G
Ny .z
oI = =
- & K ‘3}

POLY-EM
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Adding (1), (2) & (3) we get,

;d—1+ 'JI—” 'h'=5+i+l—i—i+—"ﬂ:l’rmnd}.

dy. Tdy d= ox ¥y ox ¥

P Pt du |
10. If Z =sin™ —then - is— [WBSCTE 2010]
x i
ia) : (b) 2 (el {d) none of these
:Er:-‘-}'. ¥ --_'rT -J‘ - y‘ '
Answer: (¢}
11. Evaluate g.whm z=log, (* +17) [WBSCTE 2040)
&x
An:wer'
&= [ ay
-—T—l %+ 7= (¥ +y']= —[2x 4+ 2p—
= - S (8 ) e e ey T
e L. e valies o2 g -‘E‘l . (WESCTE 2011]
Answer:
B _ 1 [ e J= .
x N ¥ xx-y (¥-y
:2
13. 1f z=2, th:vnmeusz-fy& is— [WBSCTE 2011)
bx By ‘ .
fa) 0 byt {ep—1 (d) none of these

Answer: (a)

Ou
14 fu=tan' £ find =,
{f E i m

i | -y =y
Answer; — = —= | = :
i | [L‘}A[’IJ X4y
+ )

1

Gt

15. If n-—e”f;: find the value of :%4.;4—— =0 [WESCTE 2012)

FOLT-EM

[WBSCTE 2011, 2015, 2019]

1

Partial Differentiation EM.157
Answer:
1114.15'“ 7.1'-",'“+y¢7,"",'r-n
dx T oay ¥* ¥
¥ ait [&]
16. If u == show that x—+ y— =0. [WBSCTE 2012
¥ dx T dy
Answer:
= 4 is a homogencous function of arder 0,
x
. o fu - cu
So, by Evles’s formula of homogeneous function, we get x— + y— =10,
&x
17 1f :=un"[='f]. find the value of 8 /3x. [WESCTE 2013]
¥
Answer: Let 2 = tan ' >
X
18, 1 ) = sin”! IL] b 0
= sin [: then x5+ 28 [WBSCTE 2014]
(@) | (b) 0 (©)2 (d) None of these
Answer: (b)
19. Euler's thearem can be applied o o Mnction which is — [WBSCTE 2015)
{a) Lincar (1) homogenous (¢) differentiable (d) none of these
Answer: (h)
i 1
20. 17 w = xp + yz + z¢ then the value of = ﬂ_u_‘_i | at the point{1,1,1)is -
l"‘L ﬁ"i & .|I
[WBSCTE 2015)
{u) 2 (b) 6 (©)3 (d)0
Answer: (b)
2L, If 2= 30"y then =
AP z=3x"y then = 2m
! P twescTE 2017
(o) 3p by By {¢) 6y {d) none of these
Answer: (h)
POLYV-EA
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22 WWu=x"+xy+" then x%+}'% equals to WBSCTE 2017]
[8) u {b) 2u {c) du (d) none
Answer: (b)
7 du
3, lrntxn—\j-—thcn JE+1_— T [WBSCTE 2022)
T+ &x oy

u[rr”g,.'.r].wé u{r.y) [uis 2 homogeneous function, n = %]

According to Euler's theorem,
0y
dx T iy
= iu Ans,
2

24, Is the diffegential equation homagenous: — d‘[v Mﬂ" YesMNo

xSyt et
[WBSCTE 2022)
Answer: Yes
]
d’y\? d
25, Write the degree of the differential equation [1 - PEEJ +7"£' -y =0
[WBSCTE 2022)
Answer; Degree =2
POL T-EM
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C Long Answer Type Questions )

9
@ LI =tan™ £ shuwlhat t—~+;' =sin 2L/,

- ox oy
— [WBSCTE 2004, 2010, 2012, 2018]

U=tant X 1Y
-y

2 I{“’%‘J {"‘y_ﬁ - .
or, tanly =X ¥ _ & A |

NGNS

“tan U is a homogenous function of degree 2. So by applying Euler's theorem, we get

.r—{fan!.-']-l*_]-l'-—[mrlb 2 tan U
o }=
o Ol i i
ar, = —y— = !
x o .(L:n b)&' +.|.ra“(tanU}5 =2 tan {J

1, 60 Py

or, rsec U —+ psec’ (/= = !

ax Y o 2tan @/
it

i
o Ir,'l_x +JF‘-—sm2U (Proved)

s 2 (A) I z(x+ y) =2 + y* then show lht[%-%]- - 4{1 _‘_;__i:]
dy
Answer; CARSETE 200, 2004
z[x ".P} =J..J 4 J'z aF, = I: 4'}'3
ey
E-I_z'[.l' "_l’}!J“LI:‘Fﬂ_:{:-rz;y |,-'1
i {x+ ) h (r+ 1}"_,_'

E d (x+ 902y —(x! + ) W alap -
o (x+y)’ (x4 )

POLY-EM



i ENGINEERING MATHEMATICS - 11 EM.160

. LN
y & o

[ (aedx-0]  Hx—py

j _|' FaZoy—yp —p =g’ _| _ 2x" -y }_:
Tl (x+p) (x+3)

(x+ ) (x4 )
-4 [,“ _E—gi _aly Xt il _1':: + dy-x°
.[ & &y (x+y)

=4[l— Ay 1:-=4{(H' V) _:‘T'rl-_-d"_-ﬂ.:
( (x+3Y | (x+pY

- 37 =S
[E_E =4[]- t‘;‘—gl (Proved).

] 3 3 au fu  ou » 3
= LibyIru=lop{x + y +2" —3xyz) show that ~ +E}'+ = ———-‘[+y*z
[WEBSCTE 2004, 2005, 2007, 2009, 2011, 20185]
Answer:
w=log(e® + 3 +=" =3nz)=logl(x+ y+ )’ 4y +2 —p— pp— =)}

=lug{r+} +z)+ loglc? +y:+::-—x_v—3r.r—:r]

Jeu 1 _ P o
" xry+z X4y 4T -xy-sm-ax

i _ 1 S Ay—x-2

By xbyts Oy Er-yg-yu-m

ouw dr—y—x

B r+ydzr Xy HzTo—ogy-jEox

g du cu 3 y—y—ztdy-—x-z+q2—p-x
L — e — = -+ - = =

o & B xayes ¥yt -y yr-x
et 0= 2 Praved,

X4 )4z x+y+z
=3 _,I i dw |

AF =cos

x—+p X ! 1 !
= show thaty —+ y— +—cotu=[.
Hx rj; & TEy 2 .
[WBSCTE 2005, 2006, 2015
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Answer:

i« =cos™

2 or, CosSu = oy
JE"'J; ' ;I‘{-:L}'

I[l-rz] |
or,msu:——x—l= 1i)r[£]
X

()

So cosu is homogenous function of degree =

i ¢ i A du |
; ..I'E:.(cﬂsa}+y.ay [ﬂﬂmr)-icttsu ur,—xslnmg—yslnu:—:icmu
G I "I |
S e or,T—+y—+—cotu=0,
. Fa}_ 3 TR oL Proved.

- 4 () If y=gin [—::]+ !aﬂ"(%), then show mu:%q-_r%=u_

[WBSCTE 2005, 2008, 2008, 2013, 2017]
Answer:

pap B :
u=sin"'=+tan'Z,

» X
de_ 1 l+ 1 A=l = 1 x ¥
ox : AN N e A T
I_I_J.]'" [H'}—,] P=x E+¥x
“y =
xﬂ= ¥y
yi_IJ oy
Ju
»x—+_vﬂ_n Proved.
B "¢

= Mb}Ir{;:,tn-'j

1
1 i Cu
= show that x—+ yL— = lan .
+¥ de iy

[WBSCTE 2005, 2007, 2009, 2011
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Answer:
e S8 o0)
:.-zs;in"u or, sinu=>—2 - .\ =F 5 % =x'd(y/x)
x+y X+ }
) ~ [H— _
) m]
..5in u is.a homegeneous function of degreel. So by Euler's theorem we get
[ =P 7
Soxe—{gin u)+ v—(sinu) = sinu
éx{ &
or.xomu@i_pcmu-@-zsinu rir,zf_?‘?*-_vgﬂstnn . Proved,
i a & ay
= 5. Verify Euler's theorem for I/ = ¥’ < 3x'y+3n' +3'  [WBSCTE 2006, 2013)

Answer:
7 A
U=x'+3gp+3n’ +) =(z+)° :HL'[.‘.lJ
X
U is homogeneous function of degree 3.

=3 + 6+ 37 =3 vo+ 3y

=32 14322y 4 3y7 =327 4+ 6wy + 3)°

»:5!‘IEu E-'IE*

e

+y§:3:’ +£x’_p+31}-1 <3y +6upt +3)7

=32 +0x%y+ 9 43y =3(x" + Iy 4 3y’ + ) =20
Euler’s theorem is valid for &/ =27 +3x%p + 3097 +

=Y . e L [WBSCTE 2010, 2012
:Tx Ty bl

Answer:
Given u=2 4+ 2.2

Xy
Thﬂffmt. priv -3~:~+— [differentiating partially with respect o x|

X
or, f@—:"-i [multiplying both sides by x| k1)
i x

POLY-EM
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R it parAN
Tz P & partially with respect to 3]
du y =z
or, p—==—-= (2
dy =z ¥ (<)
e Y l[dlffcrcnnm: Iy with
_=__.. — n ia W
& AL g partially with respect 1o 2]
dy =z
ar, Z—=——4—
dz Z x ~A3) .
Adding (1), (2) and (3) we get,
dy  du du_z x ¥z
Xt y—dg— =S Tl T T
dr ydy & x ¥ox oy '+.: Qprore-
+ L)
o T.ll'll'—-lug,['t—jl]- show that xiﬂ.q. i=3
oy = s [WBSCTE 2014]
Answer:
- eyt
i =log, g =log, (& + y*)~log, (x+ )
de_ 4¥  x ; ; cu 4y |
dr x4yt x4y . E}T_'I‘+_p'__t+y
b A G ey x4y oxey
xﬂ_'_}_éli: [ N " 4" .
9 Tdr x'+) x+y +p' zay
O (x4
:4(—.-—’._] { Jz*‘l:j t?rm.'d‘
eyt (x+y)
- 3.|fl'|'=ﬂi|1—.£+la.n_'£--=—'“-a—~1thenghu' thliti+y§£={}
» - o e
WBSCTE 201
Answer; "
k=sin'£+mn'£- "k:.' £
¥ x xt ¥yt
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u P 1. 1 f=u ) y 2%’y
rj— ﬁ ".:;“: Y I_,_(_-E];I"'t: .tz-,v: {J.i_'_yl\'l:
{3 e
|, v ¥y [ 2y 'y

T A T P IR rm e I e e
'r_t-':'-.xz Yy Ty (@AY -J.r'-r' Fayt (o)

= 1 - 23" .
-J}' - (F4y%)
- = £y 1
and ~-= : .[_fl"' 1 l_|_ rr~+ *hyaz
i PN e ) FPY\NxE ) FHy F )
Y= _,] 14| =
b &
- x x 2 _ 25t

—X
+= T ok L It -t I
‘p'“JJ(':—:L': Xy r+:"! (r+p°) 'J.l"?—x‘ [a* + %)
1

&y Ji-w @) - @Y

Pyl o

. Gu Ou_ 2
> Q.Hu:lngf:c’d-_v}—-x:}-'—nr') then shaw that E+E=x_;; [WBSCTE 2016]

Answer:
We have, u ﬂag{f’ +y - x:y—_t_v:} =Ing[:' +3' —zy{x+y}:)

=log ((x+ »)' - Inptx+ ¥)—wix = ) =log{(x + 1) ~4(x + 1)
=log{(x+ ¥)(x + y)° ~4x)) = Iagl[:{:. +yNx— -.-}’} ~logix+ y)+2log(x—y)

o 1 2 ou_ 1 2
T x+y x-y & xty x=y
dit e
L= 1 prm‘ﬂdr
& &y x+y (p
At -
 10.1f w=¢" then show that ———=(1+3gz + y'z’ )¢  WBSCTE 2017)
Answer:
w=£"
POLY-EM
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&
—_— rapd
e e
e 3
Bxdy " + e = (2 02’ e
' atﬂ L] - =
- iy~ 1+ 20e)e™ s (2402 )™ = (14 3mm + x'y'2" )™
. )
D M= ihen show that [ 2 Eu] 3" E‘u]
T —— = 1-=-=].
g % % L & o) MWesCTEN
Answer;
3,1
Given H:-‘E—.l
X+
,BH_ 2x IJI—JF'

T i
and ﬂ:— .:L_ xi +-P!
& xty (x+p)

L LHg=2_fn_Az-y)

fe &y x4y

RH.‘,‘:.][péi_ ﬁ"]

=¥ |_2(x+yi+2(r’-+_vj]] N W <l Y
X+ ) {x+ )y (x+ )

(x+ )

(=)

(a4 3

1

_4[2{x=+f_1_iJ =4[3l1:+.i"3'-I:*.*'1-1’0']
L

bk o 2“,] )

& [ﬂ—ﬂ]‘_ql ol ﬁ!l]
i ) a_:‘;

912 If:::m'[ -y

X k¥

F®
+
.Sil'al
il

J. show that x

[WBSCTE 2022]

POLY-EM



ns ENGINEERING MATHEMATICS - 11
Answer:
= iy
z= =5
Xr=9y
tanz= — f(x,¥) (say)
I"'\[Iri_ l:

5 |
Therefore, f(x,y) isa homogeneous function of order 3

Mow, by Euler's theorem,

Farg -3 1
‘z)—+sec z| — |=—=tanz
= efere) Eec's( 2] -1
A f
SLE+E=-’ 1Eirl2.EJl
x oy \2 3
&z oz 1.
— +—=—5indz
:Iﬁn:Jréjy 45

EM.168
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Chapter 6: Statistics & Probability ”

Chapter at a glance:

6.1 Introduction ~
The most important types of the measure of central tendency are Maan, Median.
Cuartiles and Made.

6.1.1 Mean

There are three types of means, namely, Arithmetic Mean (d.M.), Geometric Mean
G.M ) and Harmonic Mean (H M),
ler a wvariable x assumes » values Xj X5, Xy,ee X, with  frequencies

N Sou faoeiio f, respectively.
*  Arithmetic Mean (A.M.); Arithmetic Mean may be of two types — Simpie A M, and
Weighted A. M

o Simple AM. (x)= —Iix,
n

=l

o Weighted AM. (¥ )= #E}}x' where N:E;;

i=l =]
* Geometric Mean (G.M.): Geometric Mean may be of two types — Simple G M. and
Weighted G M.,

|
o Simple G.M. = (x; % Xy XXy Xu0o XX, )"
o Weighted G.M.

!
= (x,] XX, x P, X%, 1% where N=3 f
el

*  Harmonic Mean (H.M.): Geometric Mean may be of tivo types — Simple H M. and

Weighted H M
I
|

ncyx

]
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o Weighted H.M. = where N=3 [
il

]
1 s~ 4
NTGx

Determination of AM. of Grouped Frequency Distribution
For a grouped frequency distribution, the mid-value (i.e., average of two class limits) of a

class is taken as representative value of the class. So. x|, %s,xy,......x, will represent
the mid values of the classes with frequencies f), f;. f5,...... f, respectively. If the
class intervals have a commaon width then width = . and if mat, § = H.C.F. of all the class
widths, Then A.M, is given by

F=dA+—xi where N:Z_{I and d =

Relations among A.M., G.M. and H.M.
The relations among A.M., G.M. and H.M. is as follows:
(1) (AM.) x (H.M.) =(G.M)* (i) AM. 2GM. 2 HM

6.1.2 Median
The median of a variablé is defined as the middlemost value when its values are arranged
in ascending or descending order of magnitude.

Steps for finding median

= For simple dua
(i} Arrange the data in ascending or descending order of magnitude.
{ii) If the total number of values of the variable, say . is odd then the median is the

%Lth value in the arrangement. If the total number of values of the variable,

say n, is even then the median is the average of the Elh and 2 3 l|1 value in

the arrangement.

s For simple frequency data
(i) Arrange the data in ascending or descending order of magnitude

FOL<EM
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(i) Compute the cumulative frequency ('less than' type) of each item. [f the total

A
frequency is & ( =EJ’;J then the value of the variable corresponding 10 the
tal

< N+l o - e
cumulative frequency % gives the median of the distribution.

»  For grouped frequency data

(i) Compute the cumulative frequency (*less than® type) uf each class. If the total

frequency 1s N (= E_i";] then the class comesponding w the cumulative

i=1
N . .
frequency = 18 called the median class,

(i) Compute the median using the formula

where = lower boundary of the median ¢lass
N=total frequency
€ = cumulative frequency of the class prl:cedmg the median class
S = frequency of the median class
i = class width of the median class
= upper class boundary — lower class boundary)

6.1.3 Mode

Mude of a distribution is the value of the varisble that oecurs with highest frequency.

Steps for finding Made

*  Forsimple data
Sort out that value of the variable occurring most frequently in the given daa. It is the

mode,
*  For simple frequency distribution
Sorl out that value of the variable having highest frequency in the distribution. It is the
mile,
*  For grouped frequency disiribution
(i) Locate the modal class (i.c., the class having highest frequency)
(i1} Compute mode using the following formula:

POLT-EM
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Modelm)=1+ :1"7}“_
2f - fi 3 f:
where [ = lower boundary of the modal class
= frequency of the modal class
Jfi = frequency of the class preceding the modal class
JS>= frequency of the class succeeding the modal class
i = width of the modal class.

Retarion among Mean, Median and Mode
The following is the empincal relation among mean, median and mede:
Mean — Mode = 3(Mean — Median)

6.2 Standard Deviation (S.D.)
(i) For simple data: Let X, X3, X150000.0 X, be a scl of n observations and ¥ be their
AM.. Then their Standard Deviation is denoted by o and defined as

l'l - iy
o ;g{x,-—x} :

(i) For frequency data: Let x %5 Xq,...... x,be a set of n observations with
frequencies fi, i fGpeenie f,, respectively and ¥ be their AM.. Then their Standard

Deviation is denoted by o and defined as o = J%Eﬂx, -X)" where N =zn:fr .
=l i=l

6.3 Random experiment
Experiment in which we know all possible outcomes but we do not know the sutcome in
a partieular performance.
Sample space: Set of afl possible oulcomes is called the sample space corresponding 1o
the random experiment £ .
Event: Any subset of the sample space is called an event of the random experiment k.
Event is classified into three types:

i) simple event

1) compound event

iii) impossible event.
Simple event: Event which denotes only one outcome is called the simple event,
Compound event; Event which can be decomposed into two or more simple events.
Impossible event: Event which can’t be occurred in the random experiment.

FPOLT-EM
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Mutually exclusive events: Any two events A and B are said to mutually exclusive if
AmB=¢.
Exhaustive events: A set of events A, 4., A4, are said to be exhaustive if
A wd, w4 =5 (Sample space)
Equally likely events: If the passibility of accurrence of any two events A and B are
equal then they are called equally likely events.

8.4 Classical Definition of Probability

Let A be any event related to the random experiment E in which lhé sample space is 8. If
S containing n(S) points and A contains n(A) number of points then the probabulity of

the event A is P(.r"!}:iA—}

als)
Axiomatic definition of probability: If probability of an event A is denoted by F{A) then
Pu4) satisfy the following conditions:
i) P{Ay20
i) P(S)=1
iii) For any set of pairwise mutually exclusive events 4, 4. 4.4 ...
Pldwd viud U)=PAY+ P4+ FA )+

( Short Answer Type Questions )

1. If var(x)=5and y=5x+6 then var(y)is equal to— [WBSCTE 2004, 2013]
(a) 125 (b) 150 i€} 6 (d) none
Answer: (n)

2. Find the standard deviation of the following numbers : 1.2.3 456,789
[WESCTE 2004, 2013, 2015]
Answer:

Mean ¥ = %ll +2+ 3+ .0 +9)=3

X, di=X -X dr’
1 —l 14
2 -3 9

POLT-ENM
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3 3 4

4 -1 I

5 0 0

& I ]

7 2 4

5 i 9

9 4 16

fof:n Zdr‘":ﬁﬂ N=

N=9
. Dg LLTN oy Zﬂ :_ ] 20
.-sd._Jszf: ( = J‘JE‘W"U’J?=15”""

3. Three coins are tossed at random, then the prabability that there will be at least one

head is — [WBSCTE 2004, 2013]
{a) 3/8 {b) 78 c)2/9 (d) None
Answer: (b)

4. Find the chance of throwing an even number with an ordinary six faced die.
[WEBSCTE 2005, 2007]

Answer: 1
4

3. Two unbiased coins are tossed. Then the probability of obtaining at least one tail is -
; [WBSCTE 2008, 2006]
(a) 4/3 (b) % {c) 13 (d) one of these

Answer: (h)

6. One card is drawn from a standard pack of 53 The probability which is either king

or queen is — [WBSCTE 2006, 2008 , 2010, 2017]
(a) /13 (B) 2/13 {c) 313 [d) nane of these
Answer: (h)

7. Adie in thrown once, then the probability of oblaining a six 15
[WBSCTE 2008, 2013]
{a) 13 (hy i {c) 1/6 (d}) none of these

Answer: (c)

POLT-EM
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8, The mean, Median, Mode of the data: 0,5,-1,5.2.1,-1.4,3,0,0,3,3, are -
[WBSCTE 2006, 2008]
{a)2.3.3 (b)22.3 (€)3.3.3 {d) none of these
Answer: (b)

¢, An unbiased dice i5s rolled, the probability that an odd point or a six will appear on
the top of the dice is — [WBSCTE 2009 , 2010, 2013]
(a) 172 {b) 13 (cy23 (d) none of these

Answer: (¢)

10. A coin is tossed three times in suceession, write the sample space.

[WBSCTE 2008, 2013, 2018, 2018]
Answer:
All possible outcomes of 3 throwsare HBHL(HTT)L,(HHT) (HTHL(THH)L{TH
TH(TTH)and (T T T) i.e.8.

11. Find the means, median and mode of the following

33, 32,335, 33, 31.5, 32, 31, 32, 33,30 [WBSCTE 2009
Answer:
Freguency distribution table for mean, median and mode:
Serial Variable Frequency Deviation fid;, Cumulative
No.  (x) (n (di) Frequency
F
1 31.0 1 5 | -1 10
2 31.5 I 0.5 0.5 9
3 2.0 El [ 0 5
4 xS ] +0.5 0 5
5 33.0 3 +1 +3 2
fy 3315 —-l—~ L
Y f=N D Jd =+3
(i) Caleulation of Mean (%) :
Assumed mean (a) = 32, class width (h) = 0.3
Towl frequency (N) = 10, Y fd, =+3
(-~ _{1 N =13 E =124 =12
Menn (¥) ‘”le-d- 324 mu{_ﬁ} 124015=132.15 Ans.
POL F-EM



mi ENGINEERING MATHEMATICS - 11 EM.174
{il} Caleulation of Median: So median is the value of the variate for which cumulative

frequency F 2%4 which is 32 here.
. Median = 32 Ans.

(i} Calculation of Mode: According to the definition of the mode, it is the value of the
variahle corresponding to the highest frequency. So here'mode =32, Ans.

12. The probability of getting at least any one of the following events, point “six’ or ‘ong’
on the top in rolling of an unbiased die once is

[WBSCTE 2010]
(a) /6 (19 {c) 113 (d) none of these
Answer: (c)
13. The means of the following data:
Ape'x'—vyear: 12131415
No.of boysf=| 2|3 |2 |1
is [WBSCTE 2010]
(a) 1.5 yrs (b) 13 yrs (¢} 13.25 yrs {d) none of these

Answer: (c)

14. The Median of the following data 3.1, 2.6, 5.0, 4.7, 4.2, 3.9, 5Ll and 3.6 is

[WESCTE 2010]

(a) .75 (b)4.7 {c) 36 (d) none of these

Answer: (d)

15. Median of the data 2.5, 2.0,2.6,22, 29 and 2.1 is -

[WESCTE 2011, 2013, 2018, 2019]

(a)2.2 {b)2.383 (c)2.35 (d) none of these

Answer: (c)
16. Two coins are (ossed, the probability of getting at least one head is = [WBSCTE 2011]
1 1 3
() — b) = () — {d) none of these
)3 ®) ;

Answer: (¢)

POLY-EM
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17. One unhiased die is rolled, the probability of an even point or one point will appeared
top of the die is - [WBSCTE 2011, 2017]
1 I 2
(a) 3 {b) 3 (c) 5 (d) none of these
Answer: ()

18. The mean and median of the daa 0, 2,1, 5, 7, 2, 3, 4. respectively are—

[WBSCTE 2012)
(a)(2.3) (h)(24,2.5) (€)(3, 3) (d) none
Answer: (c)
19. The probability of any event A satisfies - [WBSCTE 2013
(a) P(4) =1, (b) P{A)=0, () 0<P(A)s1, (d) none

Answer: (c)

20. An urn containg 6 white balls and 12 black balls. A ball is drawn at random. What is
the probability of being it to be a white? [WBSCTE 2014, 2018]

2 1 3 1
(a) 3 (b) 3 (c) m (d) 3
Answers (d)
21. A die is rolled, the probability of getting an odd point or six is - [WBSCTE 2014)
1 5 2
(a) 3 {b) 3 (3] 3 (d) None
Answer: (c)
22, I var(x)=5and y=>5x +6 then var(y) is equal 10— [WBSCTE 2014]
{a) 125 (b) 150 )15 (d) None
Answer: (a) N
3. Median of the datn 2.5, 2.0, 2.6,2.2, 29 and 2.1 is - [WESCTE 2014
(a) 2.2 {b) 2,383 [c)2.35 (dy2

Answer: (c)

24, The probability of obtaining an even number in the throw of an unbiased dieis~
[WBSCTE 2015)

| 2 i
(a) 2 (b} . (eyl (d) 3
Answer; (d)
POLT-EM
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25, A coin is tossed. The events {H}, {T} are - [WBSCTE 2015]
{a) mutually exclusive {h} independem
(¢) not exhaustive (d) none of these

Answer: (a)

26. The relation among mean, median and mode is - [WBSCTE 2015]
{a) Mode = 3[Median) — 2(Mean) (k) Mode = 3{Median) + 2{Mean)

{c) Mode = 2(Median) — 3(Mean) id) Mode = 2(Median) + 3(Mean)

Answer; (a)

27. The median of the distribution 7,9,5,3,10,15,21 1%17 is — [WEBSCTE 2015)
{a) 12 (b} 10 (c) 13 (d) 11

Answer: (b)

28. Let A and B be two events and P(4)=02.P(8)=03 and P{4018)=0.1 then the

value of P(AUE) is— [WBSCTE 2016]
(a) 0.4 (b} 0.6 {€) 0.06 {dd) None of these
Answer: (a)
29, [f Var{X)=3and ¥ =2X +3then Var(¥)is e:p_;@uw - ~ [WBSCTE 2016]
IR i -ﬂlﬁ'
(a) 6 (b) 12 @1 % ~7F (@9
Answer: (b)
30, Let ‘A’ be any Bvent then P(A) is always - [WBSCTE 2016]

(a) 0< P(A)<l (b) 1sP(A)=s0 (e) ~1=P{A) =1

Answer: (&)
31. The probability of any event A satisfies [WBSCTE 2017)
(2) PlA)z] (b) P(A4)<0 (c) D= P(A)s] {d) none
Answer: (c)
32. Twoevents 4 and # are mutually exelusive il [WBSCTE 2017]
(@) P{AN B)=P(A)P(B) (b) P(ANH)=1
(e} P{ANB)=0 (dy none of these
Answer: (¢)
POLT-EM
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33, The median of thedata 6, 4, =1, 0, 4, 8.9 s [WBSCTE 2017)
(a) 0 (b)4 ch6 {d] none
Answer: (b)
3. IFP(A) = p, (B) = g and A B then the correct relation is - [WBSCTE 2018]
(a)p+g=l (bip+q=0
{c)p=q (d)pzq
Answer: (c)
35. The median value of the set of numbers {4, 12, 15,3, 7, 10) is— [WBSCTE 2018]
{a} 7 (b} 10 c)9 (d) 8.5
Answer: (c)
36. 1f Var(X) =3, Var(Y) =27 and Y =a X + b then the value of “a™ is equal to -
[WBSCTE 2018]
(a) 3 (b) -3 e (d) None of these
Answer: [c)

37. An urn contains 12 white balls and 6 black balls, A ball is drawn at random. What is

the probability of being it to be 2 white? — [WBSCTE 2018)
2 1 4
fa) < (k) 3 € (dy1
Answer: Mone of these
38. Let * 4" be any event and P(A)=04 then find P(4°) =7 [WBSCTE 2015]
Answer;
PlA) =04

P(A")=1-P(A)=1-04=0s6

39, Let A and & be wwo evenis and P(A) =02, P(B)=03 and P(ANB)=04 then

the value of #(AU B) is [WBSCTE 2019]
[m) 0.4 {by .1 (€) 0,06 (d) Mone of these
Answer; (b)

' § 2 ¥ ' ]
40. A coin s tossed two times in succession, write the sample space. [WHSCTE 2018]
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Answer:

A coin is tossed two times in sucoession.

The sample space = [ HH, HT, TH, TT)

41. Find the arithmetic mean of first five prime numbers. [WBSCTE 2019]

Answer:
The first five prime numbers are 2, 3, 5, Fand 11,

2 7
The mean of these § numbers=—-2 5 T +11_ 5.6

42. A die is thrown at random one time. The probability of appearing ‘multiple of 2° on

top of the face of die is [WBSCTE 2019]
] I 4
Z by — e
(a) 3 (b) 2 (c) 9 (d) 1
Answer: (b)

43. If two coins are tossed, the probability of getting at most one head
is [WBSCTE 2022]

Answer; ;}

4. I P(4)=04,7(8)=035, Find P(4]=7(5)-1=2 [WBSCTE 2022]
Answer: )

Pl4)=04

P(B)=035

P(A)=1-04=06

P(B)=1-035-065

PA)+ P(B)-1

=0.6+ 0651

=025

45. Find the probability of obtaining at least one *6' in a game of throwing of two
dice. [WBSCTE 2022

POL F-EAM

A

istics & EM.179
Apswer:
Ihe outcomes in which these is at least one 6 are -
(1.6).{2.6).(3.6).(4.6).(5.6),(6.6),(6,1],(62), (&3], (6.4), (6,5
So, there are |1 cases where ot least one six appears in 2 die rolls.
=, The probability of at least one six in two dic rolls is - ;—;-
46. The mode of the data: 10,12, 8, 10, 12,11,10,12,7.11.12 is |WBSCTE 2022)
Answer:
12. (Mode is maximum occurring observation).
47, Compute the median of the data : 10,5,9,6,4,8.7,6.5. [WBSCTE 2027)

Answer:
Arranging data in ascending order, 4, 5, 5,6,6,7, 8,9, 10
Here, number of observation, n = 9 (odd)
Sinee n is odd,
M
Median = [?-ﬂ] <AL=

2 ) 2

{ Long Answer Type Questions }

< L. Find standard deviation of the length of the belts produced in two different

machines and compare s.d.s, [WBSCTE 2004, 2007
Machine
A 4 |27 |28 8 | M | 31 12 19 17 | 28
B 28 |26 |25 |26 |28 |29 (17 |3 |17 |2

Answer:
Frequency distribution table for S1andard Deviation,
Taking assumed means a = 27,

POL ¥-EM
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sl Machine A l‘MhC:hrM 13' =
Na. Lengthin | di D Lengthin | di dit
Mm ix) Mm (x)
1. 7 5 25 25 -2 4
s 24 -3 9 26 -1 |
i 26 1 1 24 - |
1, 26 1 1 26 -1 [
5, 27 i 0 27 [ 0
6. 27 O 0 |27 (] 0
7 28 1 1 22 | 1
8. 19 2 Fl 28 1 1
8, 30 3 :] hir | I 1
10 31 4 16 29 2 4
Y0 | Yo o 14

ary
on iz {5
-0, (S for .r-I)nJ-{]-dxﬁﬁ—ﬂ = J6.56 =2.57 nm.
o, (Sd l'mﬂ]ahldrh—ﬂzmﬂ.lsmm.

.. From the above result we can conclude that performance of machine is better than that
of A

2 2.(a) Calculate the mean and standard deviation for the following:
Sizeofltem 6 7 8% 9 10 11 12

Frequency 3 6 9 13 B 5 4
[WEECTE 2004, 2005, 2007, 2004]

(b) Two cards are drawn in succession from a pack of 52 cards. Find the chance
that the first is a king and the second a queen, if the first eard is (i) replaced,
(ii) not replaced. [WBSCTE 2004, 2005, 2007, 2008]

Answer:

8) The Table shows the computation of mean and standard deviation

Let, assumed mean a = 9.

POLT-EM
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81 Size of [ Deviation
Mo dhbili &"'q{;;q o df - fdi fid*
1 6 3 -3 ] 7
2 7 o -2 4 o 24
=F ] 9 -1 T 9
4 L |3 0 0 g 1
i 10 § [ L 8
6& 1 5 1 4 ‘f 20
7 12 4 3 9 - 36

N =48 30 124 ’

The mean I=a+irzﬁd.-':'?+ﬂ=9 units,

JEM ﬁ""] ||u4 J: units, =+/2.583 =1.607 units

b) (i) In the pack of cards, there are 4 kings and 4 Queers. When the 1" card is drawn.,
the chance of gelting a kingis % 4 _ !

2, 52 13
When the 2™ card is drawn, there are also

52 cards since the 1" one is replaced. So in this case also chance of geiting a Queen is
4 1

s2e, 13

So, the required chance of getting a king and a queen is oL % L

13 13 169
(i) Here in the 1™ draw.

The chance is equal as (i) i.e. %

But in the 2*' draw, there are 51 cards lefl. So the chance of getting a queen in 2™ draw =
g5 .4

Sle, 51

4

- The required chanee =
" = 13 61 663

_— —
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< 3. A bag contains 6 red, 4 whitc and § blue balls. If three balls are drawn at
random, find the probability that one is read, one is white and one is blue.

[WBSCTE 2008, 2013]
Answer:

From the bag, among 6 red balls, onc red ball can be chosen in 6, ways. Similarly, one
white and one blue ball can be chosenin 4. and 8, respectively,
But (1= 1 = 1) or 3 balls can be chosen from (6 + 4 + 8) ar, 18 balls in 18, ways,

6 %4 %8, GxdxBx2x3 4
= =— Ans,
18- 18x17=xl6 17

So, the required no. of probability =

< 4. Two dice are rolled. What is the probability that the sum total of the puints

an the dice be 97 [WBSCTE 2007, 2018, 2019]
Answer:

As per rule we know that, in the rolling of 2 dice, total outcome will be : 66
Here, the events in which 9 will appear those are,
First die second die

[

3

4

5
. Total number of posssible ways.
N{A)=4and Actyal no. of ways N = 36.

|

2 _ 3
.. Required probability P(A )= %9 Ans.

- O e

5 A problem in Mechanics is given to three students A, B and C whose chances

of solving it are %.%m%mmﬁvdr. What is the probability that the

problem will be solved?
Answer;

[WBSCTE 2008, 2017]
The probahility that A fails to solve the problems =] - % = % Similarity probability of

failur:ofBandCurcl_l=Ew|_l.§ respectively.
3 3 4 4

FOLT-EM

1

Statistics & Probability EM.183
¥
The events are independent. So the probability that all fail o solve = -Iivit% -%
Hence the probability that the problem will be solved = | —14 - :::- Ans.

= 6. There are three gentlemen aged 60, 65 and 70 vears. The probability that they
will live mext § years are 0.8, 0.6 and 0.3 respectively. Find the probability that
exuctly two of them will remain alive § years hence.
OR,
A batch of 50 fuses is known to have 10 defective fuses. [T 10 fuses are selected at
rundom, find the probability that all will be good. [WBSCTE 2010]
Answer:

The probability of aged 60 yrs will live next 5 yrs =

w2
| |

e ey 60 “ will die = *

[l

v

The probability of aged 635 years will live next 3 years =

=

" * 65 Y will die ™ " = =1-

LN
WAl i e

The probability of aged 70 vear will live next § yrs =%

.90t will dien " teleam
1010

2. The probability that exact by two remain alive § years hence

4 3 7Y 42 3 1.3 3 B4+ 2449 117
= 3 e o O W = — X — T e T e
55108 5 10"5 %10 250 2
Or,
Answer;

Given otal number of fuses = 50;
MNumber of defective fuse = 10;
[herefore number of non-defective fuse = 40
10 fuses are selected at random.
Therefore, wial number of cutcomes =" C,; which are mutually exclusive and equally
likely.
Now, npumber of good fuse = 40

POLY-EM
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Hence, the number of cases favorable 1o the event “all the selected 10 fuses will be pood
(my="C,

a

Therefore, using the classical definition of probability we have probability that all the
E4
=—12 =) 0825
1]

selected 10 fuses ure good.

= 7. From the following distribution table, compute mean and S.0. of weights of
100 students. [WBSCTE 2010)
Wt in kg{x) |60-62[63-65]66-68]69-71] 7274
Mo, students( ) § 18 42 27 8
OR,

The heights of 100 students of 2 pelytechnic college are given in inches in the
following table:

Height in inches (x) O0-62 | 63-65 | 6668 | 69-T1 | T2-T4

hn.ofmmm:n 5 18 42 27 & N =100
Find the mean and S.D. of the above distribution. [WBSCTE 2012]
Answer:
Let the assumed mean: A = 67 and class width : h=2,
aerd P Mid x=dA
StNa | Clasr | Inigrval .‘:ﬂ-q soluels) d = —— §i J?
1 60 —62 5 &l -3 =15 45
2 |63-65| ¢ [£] (7] -15 -27 0.5
k o-68 | h=2 42 67 L] g a
4 |89-T1 7 m 1.5 405 6075
5 |n-m 8 & 3 Pl [z
toial [ ¥ =100 D =25 @' -218125

Therefore Mean of weights T = 4+ hxd =67+2x0.225=67.45 kg

Standarddevition of = gikis (B
= V21825 0050625 = .46

Therefore standard deviation of the weights = 2 » 1.46 = 2.92

POLT-EM
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< % [a) A bag contains 4 white balls and 2 black balls and a second bag contains 3
of each colours. A bag is drawn at random and a hall is then selected at random
from the bag chosen, What is the probability that the ball selected is o white?

[WBSCTE 2011, 2015)
Answer!

Let *H” denotes the event that white ball is drawn'and 4 denotes the event that box has
been chosen.

P(W)=P(4)P(¥|4)+ P(4,)P(W4,) =

| =a

s

s
==

-ml-:-
B | =

g |
X

SRS
1]

L,
2

il

= 8. (h) A can hit a target 4 times in 5 shots; B 3 times in 4 shots and C twice in 3
shots. They fire a volley. What is the probability that two shots at least hit.

[WBSCTE 2011]
Answer:
Let "A' "B 'C"" denotes the event that A, B, C can hit the tarpet respectively.
13 3 .2 4 8
4B -—:-:—- = _— PlCA) ===
(4) FB } 3 HE)=375775
5
and P{-.dm:‘}zigi,,i=:
5 4 3 §

3 ]
Henee, the problem that at l=ast two hit the target is i+-1 +£—"al_-—i
S5 5 6

2 8. (c) The table below gives the weights of 50 school boys nearest to kg.

Wtinkg(x):  40-42 4345 4648 49-51 S2-54 5557
CNo.ofhows(f: 3 7 10 14 9 7
Calculate the mean and S.D. of the distribution. [WBSCTE 2011]
Answer;

X I midof x | x'=y=47 x'! fx' A

40 - 43 i 4] 4 36 ~16 103

4345 T | M -3 9 =] 83
K= 10 4 0o | o 0 o |

_49-51 14 50 3 9 12 126

_52-354 9 53 & i 54 a4

S T | 3% | 9 81 63 567
Total 50 9 120 I
POLT-EM
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D ‘J:EE _[120 y23.76-(24)" = I8 =424
.-'

= 9. A bag contains 4 white and 2 black balls and another bag contains 3 of each
colour. A ball is drawn from each bag. What is the probability that one is white

and one is black [WBSCTE 2012]
Answer:
B-Z
Let *B" denotes the event thal drewn ball ishial:k!.ud W" denotes the white ball.
o3 Ty 5
P(B]=P{B,) P(B/ P{B,)P(BIB =.u1-_..___ =
2(5)=r(8) (518)+p(8,) P(8/8) 12 1AL LS
| L . S I
~LPIF)=P(B, ) P(W/ P(B,)PIWI/B )=t === — =
(W)=2(8,) P(W1B,)+P(B;) P }:61::6341
7 35
~PIBW -—x-—--——
{ } 12 144

< 10. Calculate mean and standard deviation fram the following data.

. IWBSCTE 2013, 2015
Size of the item | & 7 L 9 10 11 12
Frequency 3 5 W 13 5 5 4

Answer:
_Xns_(6%3)+(75)+(8x9)+(9213)+ (10x8) + (11x5) + (1224)
[3+5+9+13+8+5+4)

Mean

Z{x —.t':l f =755
xr
5 8.0, = variance = 1.60

variange =&~

S 11 Five men in a company of twenty are graduates. If three men are picked out
of 20 at random, what is the probability that at least one is gradunate?
[WEBSCTE 2014)

POLY-EM
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Answer:
Probability that at least on is graduate

= P(One man is graduate or two man are graduate or three man are graduate )
Cxte, 'Cxc TG, 525 150 10 _ 688 _
=, o i 1140 1140 1140 1140

= 11. There are two identical urns conizining 4 white and 3 red balls; 3 white and
7 red balls. An urn is chosen at random and a ball is drawn from it Find the
probability that the ball is white. What is the probability that it is from the firsi
urn if the ball drawn is white? [WBSCTE 2016]

Let W be the event denotes a white ball is drawn from the wm and 4 denotes that the

i*(i = 1.2)urn is chosen.

= i r A :l[i 31 ﬁl
Py = PLANPIW [ A )+ P(A )P (W 4) 217710 1%
1 4
_PGAPW(A) 277 2 140_40
F4, W)= POWY 6L 7 &1 6l
140

2 13. Find Mean, Median and Mode of the following data; 33, 32, 33.5, 33, 31.5. 12,

31,32,33, 3,3 [WBSCTE 2018)]
Answer:
] 7 17
Sinans 33+324335+ 334315432+ 31+ 32433433+ 32 = 32.45

11
Now the given data are arranged in an ascending order as follows:
31,31.5,32,32,32,(32),33,33,33,33,33.5
So median is the 6" werm i.e. 32,
32 and 33 both the data secrued 4 tHmes so mode is 32 and 33,
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= 14, Calculate mean and standard deviation from the following data:
Size of the item 6| 7| B9 |ID|10]| 12
Frequency J[(5 | % |13| B | 5| 4
[WBSCTE 2016]
Answer:
The Table shows the computation of mean and standard deviation.
Let, assumed meana = 9.
SLNo. [ Size of | Frequency | Deviation a4 fd, jd?
theitem | (1) (d,) ' i
I ] 3 -3 9 -0 27
2 7 5 3 4 -10 20
3 § 9 -1 1 -9 9
4 § 13 o ] ] i
5 1o g 1 1 8 8
] L 5 ! - 10 20
7 12 4 3 9 2 6
Total [-'*“i? 2.4=0 | ¥di=28 | Y fd =2 | Y fd =120
The mean i=a;%z_fjaﬂ =04 —z_i=9.ﬂ4

Fid, 120 4 5638
50= hx o - Z’ : = - [——_ 25815
P NN L RN iy B

= 15, Calculate the Mean and S.D. from the following frequency distribution:

Class: 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | TO-79 | R0-89 | 90-99
Frequency: 5 12 15 20 I8 10 ] 4
[WBSCTE 2017]
Answer:
. Frequency Mid vilues [x, - 55]
Chiss sae AP #
(£) (x) A 10 X A
20-39 5 25 1 15 4
30-34 12 15 — -2 24 a8
4049 15 43 . - 15 £
30-59 20 55 - i i 0
B0-69 18 lis} - I 1 I8
70-79 , o 75 e 2 20 10
B0-35 4 45 = 3 15 54
50-99 4 9% = 4 16 4
M=Yf= LX, =4 X f=18 EIX![=284
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= 16, (a) There are twa identical urns confaining 3 white and 5 red balls; 4 white
and 9 red balls. An urn is chosen at random and a ball is drawn from it Find
the probahility that the ball is white.
{b) (i) Two dice are rolled. What is the probahility that l:hc sum total of the
points on the diee is 67
(i) If P(A) = p, P(B“) = 0.7 P(ALB) =0.8 and P(AnB) = | —p, then find the value
of p. [WBSCTE 2018]

Answer:

a) Let W be the event that a white ball is drawn and 4 (7 = 1.2) denote the evem tha: i*

urn is selected.

.'.F(.d,}--P{zlj]:% W R w R
Now, P )=P(W|A1P(A)+ PIW|A)P(A,) (L l) é é
31 4 1
e G e o i i
23 B
A3 4) B 0
“218 13) 2x108 208

b) (i) No, of points under this eventis 5 i.e.
PGSR S0 (240, (4,20, (3D )

. -
80 the required probability s — = —
req p ility 15 73

(i) We know P(ANBY=1-p

gr, 08=1-p
or, p=1-0.8
or p=032

= 17. Calculute mean and standard deviation from the following data:

X, 4 8 11 17 [ 20 14 k7]
f 3 5 9 5 | 4 3 1
et WBSCTE 2018]
POLY-EM
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Answer:
X, .,I': X, r-. X, :.r:
12 48
8 5 40 320
11 9 99 | 089
I 5 85 1445
20 4 80 16010
24 3 72 1728
32 l 32 1624
3 5=30 | Yxf=420 | Y xif=7254
Yxf 420
M o= =T =14
ean (X) ARED
3 R A
. SD= E"‘;f-[:r . %-n.ar - JITR-196 =Ji58=677
< I8 (i) Calculate the median for the following frequency distribution
Marks 510 | 1015 | 15-20 | 20-25 | 25-30 | 30-25 | 35-40 | 40-45 | 45-50
No, of students ks 15 4 3 41 30 26 15 1
(i) If var(X)=5 and ¥ =5X +6 find var(Y), [WBSCTE 2018]
Answer:
()
Class interval / <
=10 7 7
10-15 15 22
15-20 24 46
20-25 31 17
v N
25-30 42 119 _-_-;l Medium [5 I]
J-35 30 149 ’
35-40 6 175
40 - 45 15 190
POLT-EM
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45 - 50 10 200 |
N =200 l
N 2
Here, N,z?:%ﬂ—lﬂﬂ, C,=T7, f=42, L=35
N-C :
M=5L+— Jlul"==251-”:ru ﬂ-:5=35+£1=5=27.?-l
42 42

(i) Refer to Question No. 1 of Short Answer Type Questions.

= 19, What is the probability that the sum of outcomes is 13, when three
rolled?

EM.13

dice are

[WBSCTE 2027

Answer:

When 1 dices are rolled.

Total no. of outcomes = 6' =216

Sum of 13 can be achieved in the following ways:
From the digils 6, 4, 3

Sa, there are 3| ways =3x2 =6

From the digits 6, 2, 3

So. there are 3| ways = 3x2 =6

From the digits 5, 4, 4

So, there are %\u}'s =3
From the digits 6, 6, |
Su, there are -;-1’ Ways = 3
From the digits 3, 5, §
S0, there are % ways = 3
So, Total numhlm whose sum is 13 = (6+6+34343) =21
So, Probability = —:1
216

Therefore, the probability of getting sum as 2| on rolling three dice = <13

216
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S 20. Find the median of the distribution given belaw: [WBSCTE 2022) ( PLIE P SI S B II
¥ 01-10 11-20 | 2130 314D 41-50 | S51-60
7 T | 1@ | -9 13 7 15
Answer: .
' X 7 Cumulative frequency{CF)
1-i0 3 3
11-20 10 13{CF)
(£)21-30 %0 22
1140 13 35
41-50 7 42
5160 5 57
Total: N=§7
2ocF
Median = ¢ +=2 =

—_11+E%‘_'-Lm=21 £172- 382

Therefore, the median of the distribution is 38.2

p—i =

2 NOTE: -
We have designed the complete APPLIED PHYSICS-Il course material in
accordance with new and changed syllabus under WBSCTE, Previously the
subject was In 2" semester. Hence we are providing relevant university
solutions and some model questions & answers along with new university
Paper, so that students can get an idea about WBSCTE questions pattern.
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< 20. Find the median of the distribution given below:

[WBSCTE 2022]

[ x 01-10 11-20 [ 21-30 3140 | 41-50 31-80
| 3 | 9 13 7 15
Answer:
x | fi Cumulative frequency(CF) |
1-10 3 3
11-20 1o 13(CF)
(£)21-30 %1) 2
Fl=0 13 35
41-50 7 42
51-60 is 57
Total: N =57
S-cr
Median =/ += x h
= L e
Here, M size of [?] in item
=2 =285
g
~.Median lies in the class 21-30
g—c.v
M=f+ x A
21+ 22220 g =21 + 172~382
Therefore, the median of the distribution s 38.2
-»-—a
POLYT-EM
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[ APPLIED PHYSICS - II

L NOTE: -
We have designed the complete APPLIED PHYSICS-Il course material in
accordance with new and changed syllabus under WBSCTE. Previously the
subject was in 2"’ semester. Hence we are providing relevant university
solutions and some model questions & answers along with new university

paper, so that students can get an idea about WBSCTE guestions pattern.
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Chapter 1: Wave motion and its applicatianﬂl

Chapter at a glance:
1.1 Preliminary concepts of SHM

Simple Harmome Motion (SHM) is & persodic motion of a body. in which scceleration of

the body (or force on the bady) is direetly proportional 1o its displacement from a fixed
point and is always directed towards the Tixed pomt.

1.2 Energy of a SHM
s PE.-= J Fide = I mass x acceleration g = I‘"”"'; i = med X merdsin o
i i 2 2
o KE™ _mawcosn
2 2
e Total energy PE+KE= - ma’ sy
=
[ ! T 7 :
11 oy i .
¢ Average ketie energy, (E, y=—|—m [[.—] = —mar e
d AR T|Z Aar) | &

- T T
* Average potential enerpy, <E"}‘_F ;s_[:"rﬂ!:smr-)'u'

1.3 Damped harmonic motion

In reality when a pendulum is allowed o swing in air, frictionsl force due to oir will
come imo play and as a result it's amplitudes decreases dow continuously with time.
This nature of pendulum's motion is deviating [rom Irec vibration as diseussed fn chipler
one: So free vibeation is a idealistic case but not a realisie one, In presence of some
dizsipative force if 3 body executes a vibrational motion and it's smplitude decavs down
continuousty with time then the motibn of the body [s known ds damped vibration,

Examples:
(i} The motion of a coil in a suspended coil galvanameter
(1) The mation of a mass-spring system elc

. o I
*  Differential Equation of a Damped Harmonic Motion is m% hx - =

where L is resistive constant, & 15 restoring lorce constant,
*  [Fweadjust the above dilferential equation us

-

IR A

Waye motion and its applications AP.3
T 3 s i ] i - 3 k |
J' 2 i"'-4"'—| =) nr,d r-&lﬂ'—{f peo r=1 | where £ = iam.j o - —
' omedt om dt i { " "
s Solution of the differential equation of a damped vibration as
|l MTIE KK af 'y
x=de e

Case s If E»ar. i K — o motion s called as over damped ar dead bewt

CCase X If K = w. the motion will be eritical

Case 3: When K< @ l.e. YAT -4 is imaginary, then motion is called damped
ascillatory matioen 5

U idrmipal

Jr-ﬁ\\ ety
v dempad
Blepdisaanei st \ — Gy dug

w (e T
—

A
/

o VR

Timeil] —»
Vi —danmil
e iakel

*  Logarithmic decrement can be represented as

: { OF &
A= I'l’-.'I'_I:',I (_—" = EE!g_f = IL‘Ig.F = Constant.

o Relaxation ime means the tme taken w fall the amphiude ] times (37%) of its
5
* it amplitude,
o When damping consiam (K) 15 greater than restoning constant | ¢4 ) the moton 15
- damped or dead beat.
¢ lorentcally damped moton damping constam s equal fo restoring constant.
o When dumping constiant (K) 15 less than vestoring constant (& ) the s damped
oseillatory.
s Damped oscilimory imotion of freguenesy 1s
L 4 i = Time period Tor under damped motion T —._:=':'._=-

4 o -
ar N var =k

o When a body s oser o vibratng condition by applying strong periodic foree
baving a frequensy different from the natural irequency of the body. such
vibration of the bady s termed as forced vibration.
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Example: When o vitwating wuning fork is pressed by the stem of it on'a able o
foreed vibration is produced.

s Differential Equation ol Forced Vibration is m::t;:: —kx = L% +Fe™ where g is the

frequency of the applied extermal force
»  General Solution of the differential Equation of Forced Vibration is sum of the
complimentary function and particular integral a1 the start

e = g Mo ™ sin{.qltm‘.—k". l i +rfl
+  After a lapse of time when the 2nd part becomes népligible, we can write the

sustained forced vibmtion soludon asy= L — M which s

represented zs steady state motion
£
_”.-YHT - {H'— _q'l
seady state displacemem of the parucle under forced vibration.
o Phase vs. frequency plat

«  Amplitude 5 4= and tha! of phose is ¢ = 4

]uJ' the

R
e -q"

[F """""""""" :'"‘“'"
[ k)
! : %
L]
! i
i
|
-2 RN e S
1 L;I. 1' H1 ]‘Ll
| i
i
+
0
| o < o = gy o =
e

e  The phenomenon in which a body vibrates with its nalural frequency under (he
influence of external penodic force (s called resomarce vibration.

= The value of ampliude under ainplitude resomance condition is A = L -
2Kvw' - K
For weak damping (1., K very small) the amplitude becomes 1 = 1::—
iy i
*  The amplitude resonance always otours at or near g = o provided the damping 15 not

100 [arge.

POLY -
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s Average power supplied by the driving force to the oscillator is equal to average loss

of power of the escillator ie, = mky® A°

= The sharpness of resanance may be defined (In werms of amplitude resonance) as the

rate ‘of fall in a amplitude (or decrement in ampliude) with the change of the
frequency of the spplied periodic force on each side of resonant frequency.

& We can defing also sharpness of resonance in terms of velocty resonance as when

ihe amplitude of velocity of the forced vibration under the action of impressed
F:pg_rigd:(_ force is maximum. then the phenomenon is known as velocity resonance
with the applied force.

f f wav

When two ar more waves are passing simultancously through the same medium. cach
wave procesds independently of the others and in the regions in which they meet
simultnendsly, the resulting displacement of any particle of the medium is the vecior
sum-ol the displacements of the particle due 10 the individual waves, Tins is known as the
principle af superposition,

1.5 Acoustics of building:

In day today 1ife sound engineermg plays a vital role in film indusines. broadeasting of
television signals and even in television signals. So a new field of science is developed
which deals with the planning of a building or a hall with 4 view to provide best audible
sound e the andience and is called Acousies of building.

POLY AP
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= 5  The instantaneous displacement of & particle of mass m exccuting SHM uader a force

( Shart Answer Type Questions ] constant & is [Mode! Question]

A. Choose the correct answer from the given alternatives in each of the

feliowing:
1. The phase difference between any 1wo points situated on a wive front Js
) WBSCTE 2022]
i
ta) = by2x e} (d} 3

.

Apswer: ()

2. For destructivg interference the path difference of e waves emitted from the ian

spurces s equal 1w [WBSCTE 2022)
i S : iR
(a) odd muitiple of = {b) even multiple of -3
(¢)any multiple of & () any other number
Answer: (a)
3. Find the v&ocity when x=5 cm [Modei Question]
(@) =6.28 cnvisec (b} =600 cmy/see
(c)=7.28 cmfsec (d} =3.28 cm/sce
Answer: (a)
|Explanation:
We know that for SHM
TR -
Ve=a) [.E - 'r'j

-

+

Where A Is amplitude and o=

Salvine we get v = 0 IH envsec. |

4. Find the maximum scceleration and maximum velocn [Mode! Guestion]
(a] 3.00 cm/fsec: 6.8 ermisec th) 3.56 cm’ feee, 6.0 cmlsee
() 3.2 em*fsec, 6 1 cmfsec {d)3.56 em fuce. 6.5 om/sen
Amywer: (d)
|Explunation:
v = od =68 cmisec
o =0 A =35 em e
W 1A

m
The time average of kinetic energy over a Time period 15

1 ‘ ’ 1
(a) &d [hj&k.-l :ul:k.-f (dy — kA

: ¥
v=Asinfe = @), where o= J—

Answer: (a)

B. Fill in the blanks with the alternatives given in the bracket.

6. Asimple harmonic wave mav be of two tvpes (1) dongitudined and (i) trasesverse
[Modiel Question]

7. Sationary waves are produced by both fransverse and fomgiudina.

[Model Question]
8. The velogity of the wave does not depend on its frequency or Wavelenpth ar

nresiy. [Model Question]

C. Answer the following questions:

9. An oscillator executing SHM has zero displacement at time ;=0. If the
displacement are Imm and 1.5mm at instanis 0.1 and 0.2 seconds, calculate the
frequeney and amplitude of oscillation. [Model Question]

Answer:

Lising the formula. v = usin oot

we have asin{0.|w) =01 and asin(0.2e:) =015
sin (0.2e0) 2sin{ 0 wheos(U [ a)
sin(0.dw) 0 <in(0.10)
or, cos(l, 1) = 0.75 - - 0.723rad or 237 rad

or. B15=01

. - W 0.723
a0, Frequency v = —=——==| 1§ H2
In In

|
andd amplitiade . B 0.151 cm

SO0 sind) A

W, Can a motion be oscillatory bur not simple harmonic? Explain with valid
_reasan. [Model Question]
Adawer:
Yes,
Consider an L'.-.u.mplc ol @ ball dropping from a height on a perfectly elastic surface The
ype ol mation Involved here s oscillatory but not simple harmonic as restoring force
L=
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F=mg is corstam and not Foe—x, which s a necessary condition for simple harmonic
maolion,

11. What is the basic condition for the motion of o particle to be a simple harmonic

motion? [Madel GQuestian]
Answer:

The restoring force acting on it is proporional to ns displacement from the mean
position. That s, F=—kx.

12. What happens 10 the sscillation of the body in damped oscillation”

[Model Questian]
Answer:

The oscillation of the body decreases with time.

13, What is free oscillation? [Modal Question]
Answer:

Free oscillation is the ascillation of the particle with a fundamental frequency under the
influence of restoring force.

14. In free oscillation, what happens to the amplitude, frequency and energy of the
oscillating body? [Madel Question]

Answer: :

In free oscillation, the ampliude, frequency and energy of the oscillating body remain

constant/unchanged.

15. Why is the frequency of free oscillation called nataral frequency?

[Model Questian]
Answer:

The frequency of free oscillation dépends on the nature and the structure of the oscillating
bady,

L6. Name a few damping forces. [Model Question]
Answer:
Some damping forces are - Hysteresis force, viscous force and Inctional (orce.

17. In damping oscillation, why does the oscillation decrease exponentially?

[Model Question]
Answer:

In damping, oscillation decrease in the encrgy resulis in 2 decrease in amplitude of
ascillation.

18, What is foreed oscillation? [Model Cuestion]

MLr-Ar
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Answer: _ . .
When oscillation of a body is under the influence of external force the osciltation is
called forced oscillation

19. How does the damping effeet amplitude in forced oscillation?  [Model Question]
Answer: N i
The [orced oséillation does face the damping effect. But the supply of external force
resulls in gaining the enerpy thersby mainiaining constant amplitude,

20. What is resanance? [Model Question]
Answer: : -
Oscillation of object with maximum amplitude. when the frequency of the applied force
equal to the natural frequency of the object is called resonance.

21. When can resonance he observed? [Model Question]
Answer: _
When the frequency ol the applied force is equal 1o the natural frequency of the object

( Long Answer Type Questions )

= L. {a) What do you mean by free and damped oscillations?
{b) What are beats? Prove that, the number of beats per second produced by
two sources of sound is equal to the difference in the frequencies of the two
SOUTCeS,
(¢) What are the requirements of good acousiic in auditorium?
() Write down the medical applications of ultrasonic waves. [WBSCTE 2022]
Answer:
(a) Free Oscillation:
The free oscillation possesses constant amplitude and period without any esternal force 1o
set the oscillation. Ideally, free oscitlation docs not undergo damping. Bia in all-namral
systems damping 1s observed unless and until any constant external foree s supplivd w

- overcome damping. I such a system, the amphipede, frequency and energy all remain

constant.

Privmped] Oseillation:

The dampiug is & resistance offered 1o the oscillation. The escillanon that tades with tiowe
is eolled damped oscillaian. Due 1o damping, the ampinode of ascillation reduces with
time. Reduetion i amplitude is a result of energy loss from the system in overcoming
external forces like frichion or air resistance and other resistive forees Thus. with the
decrease in amplitude, the energy of the system also keeps decreasing

POLY=AF
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(b) 1" Part:

Bears s a phenomenon of superposition: of twa sound waves of slightly differem
frequencics, ravelling in & medium along the <ame divection. Tt s found iat e inensity
of the resuliant sound o1 particular position rises and (alls regularly with time. Thus the
phenomenon of regular vanalion in he intensiny of sound with time at a particular
pesition, wheén twe sound waves of nearly equal frequeneies and amplitude moving in the
same direction superimpose on each other is called beats.

2™ Part:

Let us eonsider two waves of slightly different frequencies moand n, (i, ~ 5y = 1 0) having
equal amplitude travelling in a medium in the same direction.

Atnme ¢ =0 both waves travel in same phase. The cquations of two waves are

Wy = arstmad

¥ =£rﬂn{2mr1]f w1y

v = gsinadi = esin{ 2= ) . e (3)

Wher the two waves superimpose, the resultam displacement 15 given by

S T T

v=asin(2an Jr + asin{ 2z, ) R
Therciore
v=2asin2e(m, +nf2)reos2aln - f2)t (4]

Substitute 4 = Jacos2z(m —n. /2)r and n=#, =a.[2 10 equation (4)

y=dAsinlrn

The number of beals produced per second is called beat frequency, which is equal to the
difTerence in freguencies of two waves

{¢) The reguirements of good scowstic in aaditorium are:

i) The sound waves from the source should be of 2n adequate micnsity,

ii) The sound should spread everywhere inside (he hall evenly and should be audible
enough evervwhere.

i) The sound notes should be clear and distortions should be minimum

iv) an appropriately low hackground noise.

{d) The medical applications of Ultrasumic waves ure:

i) Echocardiography:

In the process of electrocardiography, the ultrasanic waves are used W form an imape of
the heart using reflection and detection of these waves from various pans,

i) Ultrasonography:

Medical ultrasound s a didggnastic imaging technigue hased on it 10 is used [or the
imaging of internal body structures such as muscles, joints and intermal rgans. Uhrasanice
images are knowh #s sonogrmms, In this process, pulses of ulrasound are senl to the

ML
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tissue using o probe. The sound echoes ofF the tssue, where different 4issucs reflect sound
varving in degrees. These echogs are recorded and displayed an image,

= 2 Whal is free, loreed and damped oselllations? o [Modal Question]
Answer:
There are thrée main ivpes of Simple Harmonic Mution

o Damped Oseillation

=  Forced Oscillation

= Free Oscillation
Free Oscillation:
The free vscillation possesses constant amplitide and period without apy external force o
set the oselllation. |deally, free oscillanon does not undergo damping. But in alj-naumal
systems damping is ohserved unless and until any constant external foree is supplied 1o
overcome damping. In such a system, the amplitude. frequency and energy all remain
Constant.
Damped Oseillation:
The damping is a resistance offered to the scillation, The oscillation that fades with time
is called damped oscillation. Due to damping. the amplitude of oscillation reduces with
time. Reduction in amplitude is a result af endrgy loss fromm the eystem i overcoming
external forces like friction er air resistance and other resistive forees. Thus with the
decrease in amplitude. the energy of the system also heeps decreasing. There are two
Lvpes of damping :

= Mawral Damping

o Anificial Ramping
Forced Oscillation:
When o bodv ascillates by bemg influenced by an external periodic force. it s
called foreed oscillation. Tere: 1he amphiude of oscillation, expenences damping bur
remains constant due 1o the external enerpy supplied w the sysiem.
For example, when vou push semeone on @ swing. you have to keep periodically pushing
them 50 that the swing doesn 't reduce.

= 3. Light can be reMected by o small mirror but an extended arca is required for
reflection of sound, Wiy? [Maodel Questian]

Answer:

For reflection of an incident wave the reflectine surface of the reflecior should be Fairdy
large in comparison o the wavelenmh of the wave For regular reflecoon, the
irregularnities on the refteeting surlace should be of dimensions much smaller than the
wavelength of the meidem swave

The wavelenpth of visible light extends from abour 4 = 107 em 1o about 8 = 107 em. A
simall mirror s sufliciently large i companson o the order of the wavelength of visible
light nod the surliwe of o mirror 15 very smaooth, so a small miror can reflect light wases.
Bt wavelength af sound wave is much larger than that of visible light and is of the order
from sbout 1.5 ¢m to about 16 metre. Hence For reflection of sound waves retlection of

L e
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extended ares are required. And these reflectors need not be very smooth beeause the

iregularies on the reflecting surface are of lesser dimensions relative 1o the size of the
wavelengih of sound wave

= 4. What are the principal differences between light wave and sound wave?

[Medel Question]
Answer:
The principal differences between lght and sound waves aro as follows:
Light Sound
1. Light waves are electromagnetic waves | | Sound waves as elastic waves and

and produce sensation of vision in our | produce sensation of hearing in our ears.
2yes, .
2, Light waves anc transverse. These can | 2. Sound waves in air are longitudinal
+ be polansed. | These cannot be polarised.

3. Material medium is pot necessary for | 3. Matenial medium i pecessary for the
the propagation of light waves Light can | propagation of sound waves. Sound wave
travel through vacuum canrol trave] through vacuum,

4. The velocity of light wave is very high : 4. Velocity of sound wave inany medium

. I -
given as ¢ = . where u and € are | i given as = L whiere is  the
Z NME P

the permeability and perminivity of the | elasticity appropriate to the medium and
medium respectively. The welocity of | pis the density of the medium. The
light in vacuumis 310" ms" | velacity of sound waves in ar at 0°C is
5. The wavelength of light is very small. | 332 m s,

The wavelength of visible fight lies [ 5. The wavelength of audible sound

within the range of 2000 Ato abaut ! waves is lorge. The wavelength Jies
approximuotely between 1.7 emoto 17 m,

ROODA . (1 A = 10" |

=~ 5. What are the conditions for the clear audibility of beats? [Model Guestion]
Answer:

The wave's amplitude und the frequency-of beating should be similar; it just depends en
columnfheight that is large for feet than the brain and that is all this cause. b happens
when two sound waves of Faimly diverse frequencies Lraveling along a similar direction,
path. in a similar medium superpose each other, the intensity of the resultant sound ot any
point in the medium rises and falls instead with time. Beats are heard when the
dissimilarity in frequency is less than 10, (because a human car can distinguish two
sounds distinetly only i they vary i ume by 0.1 sec.). The waves traveling with
approximately similar fregquency and ampliudes i the same direction produce beats.

A
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(1) Two sound waves con stimting beats must onginate al the same time

(i) Frequencies and amplioudes of the two wags constituting beats shouid be nearly
eyual,

(ii1) Displacement of the panicles of the medium due to two waves should be along the
same line

{iv} The phase difference of the resultant wave ata point must vary with nme

{v] The amplitude of the resultant wave must vary with time. The amplitude of the two
interfering waves should be similar.

{vi} For beas to be audible the difference in the frequency of the twe sound waves should
be notover 10, The beats can be heard only if the frequency dissimiarity is less than 190,
{vi1) The difference between the frequenc:es of interfermg waves should be small

{viii) But due 10 the persistence of hearing. our ear is not able to distimguish between two
sounds as separate.

s T Explain Transverse wave and write down the characteristics of propagating
waves? [Model Question]
Answer:
A transverse wave i3-a wave motion is which individual particies of the medium execute
simple harmonic oscillations about their mean positions in a direction perpendicular o
the direction of propasation of wave motion.
Some examples of wansverse waves are — (i) vibrations of & string of a stringed musical
instrument. (1i) vibrations of the membrane of a ible etc.
A transverse wave travels through a medium in the form af crests and trongh A crest i
a position of the medium, which is temporanly raised above the normal pasitions of the
particles of the medium when a transverse passes through it The centre of the crest is the
position of maximum displacement in the positive direction. While a trough is a positron
ol the medium, which is depressed temporarily below the normal positions of rest of the
particles af the medivm. when a transverse wave passes through it The centre of the
trough is the position of maximum displacement in the negative direction.

Characteristics of propagating was es:
Fallowing are the characteristics of wave motion -
1) Wave motion is a type disturbance which travels through a medium,
iy A matenial medivm s essential for propasation of elastic or mechanical waves,
The medivm must possess elasticity, inenia and there must be minmmum
friction smong the particles of the mediam
) When wave passes through a medium, paricles of the medium only undergo
simple hirmonic oscillations about their mean positions but do not masve with
the disturbance
ivh  There is a continuous phase ditference among the successive panticles of the
medium,
v) e velocity of the particles during their vibration s differert ar dilferent
Persitions.

ML - AP
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vit  The velocity of the wave through o particular medium is vonstant and it
depends only on the mature BT U mediam,

Vily - The veloacity of the wave does no depend on its Mequency of wavelength or
intensity.

vill)  In the wave propasution. energy 158 transported along wath it and there'is no net
transport of the medium. '

= 7. Define Longitudinal waves. [Madel Question]
Answer: -

A longitudingl wave motion is & wave moten in which individual pamicles of the
medium. excoute simple har nonic escillators shout their mean positions along the
direction of wave prapagation

Some examples of longausdinal waves are — (1) sound waves travelling through gases,
{it) vibrations of air column in an organ pipe e

A longitudinal wave travels through 2 medium through commpressions and rarefactions of
the medium. 2 compression is a region of the medium where paricles are compressed.
There is thus a temporary decrease in velume and corresponding mcrease in the densily
of the medium in this region. While a rarefaction is o rezion of the medion where the
particles are rarefied. There is thus b tempordry increase in volume and corresponding
decrease in the density of the medium in this region.

Longitudinal waves can propagaie in any medium as all.the subsiances are: compressible
1o some extent. So longitudinal waves can be tramsmitied through solid liguid and gases.

= & Explain the terms: [Madel Quastian]
i) Wave velocity
it} Frequency
iil) Wavelenazth
Answer:
i) tn a medium, the distance avelled by the wave in one secfind is known 45 the velociy
of the wave in the mediam. It is usually denoted by« Bsunitis cms™ or ms |

Relation among wavelengih, frequency aod velocity of a wave:
We know that during the timeé a particle in wave motion completes one vibration. the
wiave advances througlh 8 distance equel 1o one wave length (4), So il i be the
frequency of the wave, then in one second the wave travels a disunee o/ . which s the
velocity (v} of the wave in the medium. 1., :

VE=ni

or, velocily of wave = frequency « wavelengthis

; | A ) "
If T be the time period, then n = and v = 00 4= vl

L\\‘&W.‘[cﬂgﬂ'l = velocity of wave » Lime perind ]

'k 10 e T
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il) The number of eomplete vibrations perfonmed in one second by a particle in the path
of the wave is called the frequency of the wave, |t may also be defined as the aumber of
vomplete wavelengths raoversed by the wave inone second. [t is usually deroted by #

The unit of frequency 1s cycle per second [eps), which in also called hertz [i1z). We have

n*--% or,nl =1,

i) Wavelength is the distance travelled by the wave during the time. any one particle of
the medium compleles one vibration about its mean position. It can also be defined as the
distance between any o nearest pacticles of the medium vibrating in the same phase

It is usually denoted by 4 and expressed in metre and centimetne in 81 and CGS systerp

Very small wavelengths are measured n angstrom (AL where IA =10 "

In transverse wave motion, waveléngth is the distance between the centres of.two
conseculive compressinis or the distance between the cenfres of Iwo consecuiive crests
or distance between the cenires of two consecunive grangles. While in a lonziudinal
wave motion, wave length is the distance between the centres of two conseoutive
tarcfactions.

S 9 Write down the equation of plane progressive wave. [Model Question]
Answer:
Let o plane wave originate at & (Fig. 1) and proceed from lefi 1o right in an elasic
medwm, The particles of the medium would execute SHMs of same amplitude and time
period about their mean positions. Let
the time be counted from the instam Y
the portiche ol () crosses its mean
posttion 1 the positive ¥ direetion,
The displacement v of the particle at
any anstant s given b

V= asinag “ . X
where o is the amplitude of vibration
and e is the angular velocity. As the
disturbance is passed (rom one particle
1 i neat, so thete 4 oa gradual fll in
phase from lelt o ngn. Let the phase Fig. |

=of g particle ot £ lag behind the phuse of the particle ar ) by g then the displacemen

of the particle s # e ¢ given by,

1= asin(av - @)

L 2

-

WP be cqual w v, then phase @ 2268y,

A

Y-
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f dr 1
| @Sin| 6N ——X |
L A )
| ¥
or. Y=asn Z-T[— —
r 4y
- Z:t ] b ol
b v=asin—{[wr-x s —
2 T
et (PR -1 ; , I |
or, V=usinlen| r—— Wave velocity YAt o
\ v

All these equations give the eguations of a progressive wave travelling along the positive
x axisin different forms.
For a wave travelling zlong the negative x-direction. then the equations of the wave take

the forms
3 e % f \l
Foasin| o +—x [=osinlx |

I o ]
-4 | =gsin—{w+ x] =asinZer| t+—
A ) T 4 £ v

X
_

= 10. State and explain the principle of superposition of waves.  [Modal Questian)
Answer:
When two or more waves are passing simultaneously through the same medium, cach
wave procesds independently of the others and in the regians an which they meet
simultanenusly, the resulting displacement of any parlicle of the medium is the vecror
sum of the displacements of the particle due o the individual waves, This is known as the
principle of superposition.
I v, v, . bethe displacements at & particular instant of a panicle due to different
individual waves, then the resultant displacement y ot the same instant of the same
particle would be given by syperposition principle as

V= Wy Was By Eescisanen
The most important property of wave motion i+ that @t preserves its individuality while
travelling through & medium and behaving as if nothing to do with other waves, [t 1s to be
noted that superpasition principle ceases to apply when amplitude of mechanical waves is
too large. Further overlapping waves add algebraically to produce 4 resullant wave
However. the overlapping waves do not affect m any way the motion of one another.

= 11, What is beats? Graphically explain the formation of heats.  [Model Question]
Answer:

1" Part:

Beats is 2 phenomenon of superposition of two sound waves of slightly different
frequencies. travelling in a medium along the same direction. 1115 found that the inensity
of the resultant sotnd at a particular position rises and fulls regularly with time. Thus the
phenomenan of regular varistion in the intensity of sound with time af a particular

PEM et
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position, when two seurid waves of early equal frequencies and amplitude moving in the
sume dirgction superimpose on each other 15 called beats. A beal consists of ane rise and
one fall af the amplitude of the wave and hence the intensity The time interval hetween
iwo successive beats (s called beat period and the number of beats produced per second
is called beat frequency. It can be proved that the number of beats produced per second
ik, hear frequency is equal io the difference in the frequencies of two superposing
COMPONENT WaAVES.

Formation of beats:
(i) Graphical method: Lets us consider two waves of frequencies n and o travelhng

in the same direction simulanzously. In Fig (1) two such waves with m =7 cps and
n. =9¢ps are shown and displacement of the resultant wave obtained by the algehraic

sum of the displacements of component waves is shown in Fig {1t is seen that at
particulir instants lime A, B and C. the waves are in phase and so the amplitude of
resultant wave is maximum and at some other instants 3 and E. the waves are in opposite
phase and amplitude of the resultant wave is minimum. As two suceessive mAXIma of
minima constitute one bear, from the (igure it is evident that two beats are produced in
one second i, the beat frequency is equal 1 the difference of the frequencies of the
component Waves.

NN NN NN NN
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o Ihaplecdmiend ———=

1)

| by i

Fig |
{11y Analytical method: Consider two waves of equal amplitude o and shightly different
frequencies m and o, (i, > ) travelling in o medium in the same ditection. Let the

equations of the waves be given by,
POL -
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v, =adfin2oif and v = asinling
Aceprding to superposition principle. the resultant displicemem v is given by,
V= N = usin el e osim 2En.

=alsin2ang +sinZan.g)

[ 3 g \
. . a0 =i
:2:;&1:13:1 "2 |reos2x| ——s |y
3 | \ “ |
, B I T i+
Putting, 4 = Eurmlx‘ paree |r and ——==p
Los 2

We have, v = Asin2ant

This represents a wave of frequency » and amplitude 4., It is seen that the amplitude of
the resultant wave varias with time periodically.

3 5
A=0.for = t : = - ——
m =) 2w =n) 2n—w)
a . | - 3
and A=2g (maximum), for i =

Ho=8 B.—a W=

It follows that successive minima or maxima occur after the time of second

Iy =1
Henee the number of heats per second §e, beat frequency is given by n, —n, = difference
af freguencies of the component waves.

I -
We know persistence of hearing is = th of a second. So i order 10 hear distinet beats,

oo 8 . [ .
time interval between two successive beats must be greater that l—sr.-ccmd e, fraquency

of beats must be less than 10, Hence the difTerence in Irequencies of two sources must be
less than 10s ' IF the frequency of the bests be too high then due 1o persisience af
hearing, our ears would fail w distinguish Nuctusting. of loudness and a contineaus note
is heard, which is called beat tone

= 12, Explain the term: “Reverberation™. [Mode! Quastion)
Answer:

(n day today life spund engineerimg playvs a vital role in film industries, broadeasting of
television signals and even in television signals. So a new ficld of science is developed
which deals with the planning of & building or a hal with a8 view (o provide best audible
sound to the audience and is called Acoustics of building Therefore to provide o best
audible sound 1n & building or hall a prime factor called Reverberation

PO A
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When o sound pulse is generated in a hall, the sound wave rra\_r;ls wards all direction
and are reflected hack by the walls, floors, doors, windows ceiling etc 2s shown in the
:;:rm\l;lsnund wave has two to three hundred repeated reflections. before M becomes
inaudible. Therefare, the observer in the hatl does not be able w hear a single sharp sound
instead a “role of sound” of diminishing intensity (since part of encrgy is lost at each
reflection).

2 13 Proof that: The reverberation time can be uptimized by cither varying the
surface area of the reflecting surfaces or the absorption coefficient of the
materials used inside the hall [Model Question]

Answer:

According to Sabing, the reverberation time is-defined as the time taken by 2 sound 10 fall
1ovone millionth of s initial value, when the source of sound is cut off,

oA
Time taken for £ 1o be equal o F = T

E

Therefore conditionism r=T. E .-E-li

) . F e
Therefore equation 10 becomes £ = HF =k ¢

10 =™

" =

al = log 10,

i = flog

dat == LA2S1ap, 10

ar < 6+ 23026 | ) '

A

We kilow @ = 1—‘_- o k2)

POLF-AP
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Substituting equation 2 in 1. we g
o 1.
2 r—6x230%6
41
4" x6x 2.306
vd

T =

We know the velocity of seund in air a1 roam temperature v = 330 mfs
AxbHx2 3026 |
B Bt i Lol o
330 A

r:""'“”’

E |
_ 01670 2 '
wad J
Yas

Where Em = @S+ A8y 4
Equation 3 represents the Reverberation time. which depends on the three factors:

1. Yolume of the hall (V)

il Surface area (S)

iii. Absorption coefficient{a) of the materials kept inside the hall.
Among these thred sciors volume is fixed. Therefore, the reverberation time can be

optimized by either varying the surface area of the reflecting surfices or the absorption
coefficient of the materials used inside the hall.

< 14, Write down the properties and applicatiuns of Ultrasoniec waves,

[Modal Questien]
ADSWETS

An imaging method that uses sound waves o produce images of structures within your
body is known as ultrasound. |

Properties of ultrasound:
I, Ultrasanic waves cannot move in & vacuum.
2. Ultmsonic waves constituie high-freguency, shor-wavelength sound waves.
3. These waves avel at the same velocity as sound in & particular medium.
4. Throughout hpmogenous media their velociyy remains consiant,
Applu:atm ns of ultrasound:
Bats utilize ultrasound just to detect obstrugtions in their roule.
1 Ultrmsanography. as well as echocardiography. are methods of visualizing human
organs,
3. Drilling holes through materials such as glass and cleaning small things
4. Defect detection throughout metals,
5. Remove cataracts including using SONAR (Sound navigation and ranging) 10
detect as well a5 ealeulnte the distance belween objects,

LN BT
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= 15 What is decay constant (or relaxation time)? In damped harmonic motion,

calculate the time in which the energy of the system falls to ¢ times of its

initial value, [Model Cusstion]
Answer:

In damped harmonic metion. how fast amplitade of the vibration of the body decay with
time by the factor ¢ " depends on the damping coefficient K™ The time &t winch
amplitude Ce™ decreases toe ' 1.2, |/e of its original value C s called relaxation time
or decay constant. Let us take that time t be . Putting t in place of t we have Ar-lor
=1/ K, So the time r when new amplitude becomes /e i.¢. 0368 of 13 initinl value
This tis called the relaxation time or decay constant .

The displacement of damped harmonic motion is x=C ¢ " sin{pr « &) where Ko the
damping constant and other symbaols have their usual meaning.

We can have the average energy {E}-—m( w'e™ = Ee™Y . When 2K1=1. ie

. o l )
;:TE (E>=};ne ' We define relasation time ¢ asrsuch thatr = — . So relaxation

time is defined as the time taken to fall the energy of the damped oscillatory motion 1o !
[
(mearly 3T%)of its initial energy

= 16. At an instant of time displacement of a particle is 12 em, velocity is S em/isec
and when its displacement is 5 cm, the velocity is 12 em/sce. Caleulate the

amplitude, frequency and time period. IModel Question]
Answer:

. . . v - -
Velogity of the paricle. v '-;_"- = mJn' -y

i
[ the [irst case:

F | m————
W =dinja -y
where, v = Sems fand v < 12em
ar, S=na - 144 A
It the second cose

v, =enja ¥

where, v, =12¢ms "and v, = Som

12= o’ - 25 )
5
o - 5 a =144
Dividwog 1) by (23 we have, — = - :
I Ja' -3

P-4
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144 o =15

= 197 =144° - 25
= 119" = (144 -25)(144 + 25)
= @=I[80 = a=13em

FEIT =148 = S=a35

melrads '

So, frequency, 7 = 2. ~_‘l-']_ Hz

ix

The time period. T;]—= 235
¥
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Chapter 2: Optics

Chapter at a glance:

Laws ol Heflection:

e The principle when the light rays fall on & smooth surface. the angle of reflection is
equat to the angle of incidence

o The incident my, the reflected ray, and the normal o the surface all lie in the same
plame,

Laws of Refraction:

o The incident my, refructed rav, and the normal 1o the interface of two media at the
point of incidence all lie on (he same plane.

s The rutio of the sine of the apgle ol ncidence 1o the sine of the angle of refraction is
constant This is also known as Snell’s law of refraction,

Sinf
——=gonsiant
siny

Brewster's Laws;
When an unpolarized light of known wavelengih is incident on a transparent substance
surface, il expenences maximum plane polurtzation ot the angle of incidence whose

tangent is the refractive index of the substance for the wavelength.
L= tan

2.2 Lens Definition; .

Lenses are basically magnifving plasses with eurved sides. A lens s a piece of
transparenn gliass which concentrates or disperses light rays when passes through them by
refraction. Due 1o the magmiving property, lenses are used n ielescopes and other
magnifying devices, They are employed in caméras tor gathenng the light rays

I e H
Pole: -
The centre of the spheneal retracting surface of the lens is called the pole The pont
where the principal axis meets the surface of the lens.
Optienl Centie:
The point on the principal axis athe centre of the lens is called Oplical cenue
Centre ol Curvature:
A lens has two spherical surfaces, these two spherical surfaces form 4 pant of a sphere
The centre of these spheres 15 known as the centre of curvature
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Principul axis: .

e principal axis i an imaginary fine passing through the centies of curvature and the
pole.

Aperture:

The area of the lens suitable for refraction is called Aperure, The aperture of the lers is
the effective diameter of its light-transmitting area,

Focus:

Focus is the poim onto which collimated light paralle! 1o the axis is focused.

Focal length:

The focal length is the distance between the optical cenire and the focal point or focus of
the lens

Power:

The power of the lens is the reciprocal of its Tocal length. The S unit of power is
Dioprre

( Short Answer Type Questions j

A. Choose the comrect answer from the given allermatives in each of the

following:

1. The power of two is +50 and =2 513 The focal length of the two lenses in contact
will be [WBSCTE 2022]
(a) =40 cm (by = cm {c)=40m (d} none of these

Answer: (a)

2. The focal length of a convex fens is maximum for the colour of Jight
. [WBSCTE 2027)

[a) blue (b vellow () green (e} rad
Answer: (d)

Y In the mterference fringe, 1 width of dark band is /4, and that of the bright band is

., then [WHSCTE 2022]
(a) 2 4,= 3, (m2p.=f () A=, (d) A +30,~1
Answer: (¢)

& [T lens is surrounded by o mediom denser than ar, The focal length on the lens
[WBSCTE 2022]

18] decreases (b} mecrease
() remiaing same fd) cannot be ditenmined
Answer: (h)

L A
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5. A lens which converges a beam of parallel ravs 10 a point (s called  [Model Guestion]

fa) Diverging f concive lens (h) Converging / convex lens
(€} Plano concave lens (d} Plano convex leng

Amnswer: (b)

6. The diameter of a lens is callzd [Model Question]
{a) Focal length {h) Principle axis
(€} Aperture {d) Radius of curvature

Answer: (¢} -

7. Inzoing from a denser to rarer medium a ray ol light is [Model Question]
(0} Undeviated (k) bent away from the normal -
{c) beim towards the normal id) polarised

Answer: (b)

8. The power of a concave |ens is [Modei Question]
{a) Real (1} Virtual [¢) Pasitive {d) negative

Answers: (d)

9. Magnifving power of a simple microscope [Mede! Question]

{0} In¢reases with increase in foeal length

(b Inereases with the decrease in focal length

(¢} Mo elfect with decrease or increase with the focal length
(d) Least distance of distingt vision

Answer: (h)

10, Magnification of astronomical telescope is [Model Ouestion]
(a} £+ 1, iy il &1 (dy 1+ Llty

Answer: (h)

11, The magnifving power of an astronomical telescope is 10 and the focal length of s
eve-plece is 20 em. The focal length of s objective will be [Model Question]
{a) 200 em (b 2aem (€} 05em (B 05210 "cm

Answer: (4)

12, The magnilyimg power of a telescope s 9 When v adjusted for pasallel ravs, the
distonce between the objective and the eye-pilece is found 1w be 20 em. The focal

lengths of the lenses are [Madel Question]
{a) 1Hem, 2em (B 11 m, Bem
(op [0 g, 10 em (d} 15cm, Som
Answer: (a)
PO - ar



e APPLIED PHYSICS - 11 AP.26

13. In a compound microscape. magnifving power is 935 and the distabce of 1he whject
from the obpective lens s |38 cm. The focal length of the objective lens Y om. What

is the magnification of eveprece? [Madel Question]
()3 {hy 100 fed 100 (d) 200

Answer; (u)

4. A hypermetropic person having “near poimt™ at a distance of 075 m pUls on
spectaches of power 2.3 1 The “near poimi™ now is al [Mode| Question]
(a)0.75m (B)083Im (e} 026 em {d) 0.26m

Answer: (d)

I5. Which of the following lights deviates the most when it passes through a prism?

[Madel Question]
(a) Red light (b} Viglet light
{c) Neither (a) nor () (d) Both (a} nor {h)

Answer: (b)

16, Wiuch of the following phenomena of light results in o mirage?  [Model Question)
(=) refraction of Light k) reflection of ligh
(<) Total internal reflection (d}) diffraction of light

ARSWer: (c) '

17. For which of the fallowing is the field of view maximum? [Mode| Question]
(a) Concave mirrar (b} Convex mirror
(¢) Plane mirror {d) Cylindrical mirra

Answer: (b)

I8. What happens when the light is refracied into o mediom® [Medel Question)

(a) Both frequency and wavelength of the light increases

(b) The wavelengih increases but the frequency remain unchanged
{c) Both wavelengih and frequency decrsases

{d) The wavelengh decreases but the frequency remain constant

Answer: (h)
19. Ifa glass prisin 15 dipped in water, whint happens to its dispersive power?
[Model Question]
() [nereases (b} Detreases
{€) Does noL change (i} Na elfect

Amswer: (h)

20. What should be mereased 1o increase the angular magnification of a simpple

micrascope’ [Model Question)
{a) The power of the lens (k) The focal length of the lens
{c] Lens Aperture (d) Object Size

Answer: (g)

el R
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21, Which of the vl lowing phenomenon 15 used in optical fibre? [Madel Question]
[a) Relraction (b D flraction
{c) Seattering {d) Total Internal Reflection

Answer: {d)

22, Which of the following statements is trie af total inierral reflection?
Model Question]

fa) Light travels from rarer medium 1o denser mediom
(b} Light truvels from denser medium te rarer medium
(c) Light ravels in water only
(d) Light travels in the air only
Answer: (b) -

23. A convex lens is dipped in a liquid whose refractive index is equal o the refractive
index of the fens. Then what 15 115 focal lermh? [Mode| Cuestion]
{a) Focal Length will become zero
{h) Fucal Length will become infinite
fe) Focal length will reduce, but not become zero
(d) Remains unchanged

Answer: (h)

14, For a telescope, the larger the dismeter of the objective lens [Maode! Question]
(a) Greater the resolving power
(b} Greater the magnifying power
() Semaller the resolving power
(d) Smaller the magnifving power
Answers (h)

B. Answer the following Questions:

5. Fxplain the mechanism of light propagation through optical fiber.
[WBSCTE 2022)

Answer:

The propasation of light through the optical fiber is possible duc to the rofaf imrernal
reflectipr. When o light ray poes fron denser medium o a rarer medium it bends away
from the normaal. Snell’s law tells us than if the angle of incidence increases. the angle of
relraction also increases. The anele of incidence fior which the angle of refraction s 90° is
called crirfeal angle. Now 11 the angle of incidence is shghily incressed the critical anule.
the light is completely reflected at the surface of rarer mediums. this is known as ol
interal reflection.

PO 8
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Let us consider three lipht rays emer the fibre at the |aunching end making different
angles with the axis of the fibre as shown in the Fig. It is clear that the ray 2 strikes the
boundary of the cladding et an angle equal 10 the critical angle and travels through the
fiber parallel to the core-cladding imerface. The rav 1 which enters the Tbre at an angle
greater than ray 2. strikes the boundary of the cladding a1 an angle less than critical angle
and get refract into cladding On the other hand. rav 3, which emers the fibre at'an angle
bess than ray 2. undergoes total internal reflection 4t the vore-cladding interface.

I 1s clear thar the hight propagates through the fibre only when its angle of incidence al
launching end is less than or equal 1o 2 cerain value This maximum possible angle with
the axis of the fibre up 10 which a light rav accepted into the core of the fiber is
called meceprance angle. The light ravs tho enier the fibre beyond acceptance angle
refracts into cladding

6. Which type of reflection resnlts in a clear and sharp reflection? [Model Question]
Answer:
Specular or regular reflection produces & clear and sharp reflection

®

( Long Answer Type Questions )

S 1. (a) State the criteria for the phenamendan of olal internal reflection of light to
take place,
{b) How does focal length of a lens change when red light incident on it is
replaced by violet lightT
(e} Draw a ray diagram of 2 compound microscope. Write the expression for ifs
magnifying power,
(d) How will the interference pattern in Young's doubt slit cxperiment gel
affected, when
i) distance between the slits 5, and S; reduced and
ii) the entire set up is immersed in warer? Justify vour answer

[WRSCTE 2027]

PE -l
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Answer:

{n) The criteria for tatal internal reflection to take place are:

i) Light must travel from a denser medium to a rarer medium and .
{ii) The angle of incudence inside the denser medium must be grester than the eritical
angle,

{b) The refractive index of the material of a lens increases with the decrease n
wavelength of the incident light So, focal length will decrease with decrease in
wavelength according to lens makers formula

L (g~ 1}H L ek :

! VR ’
Thus; when we replace red hight with vialet] light, then due 1o decrease in wavelength the
focal length of the lens will decrease.

{c) The diagram of @ compound microscope is shown in Figure. The lens near the object,
called the objeerive, forms & real, inverted, magnificd image of the object. This serves as
the objeet for the second lens which is the evepiece. Eyepiece serves as a simple
microscape thal produces finally an enlarged and vinual image. The first mverted image
formed by the objective is 1o be adjusted close 1o, but within the focal plane of the
eyepicce so that the final inuee is formed nearly & infinity or at the near point. The final
image is inveried with respect to the original object and obtain the masnifieation for a
compound microscope.

Magnification of compound microscope
From the ray diagram, the linear magnification due to the objective is,

heiia e

Faepae

—3
]
A

Fig 11 Compound microscope

P AP
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mr, ==— )

b
From the figure 1. tan ji = e T.ihcn

‘JJ_- _l‘-.. {‘F

b Ay

n, .—-—L- eeu L3
A

Here, the distance L is between the first focal point of the eyepiece to the second [ocal
point of the objective. This is called the whe fength L of the microscope as f, and [} are
comparatively smaller than L.

If the final image is formed at P (near point focussing), the magnification m, of the
evepicce is, '

]
", :|ﬂ-—_- <ea (4}
.Fi
The total magnification s in near peint foeusing is,
i LT L1
E | o
m=mm = — L[+—- ... (3)
LP LT, -'f- r

If the final image is formed at infinity (normal focusing), the magnification m, of the
evepiece Is,

. =£ e 6)
- Ik
The total magnification m jn normal focusing is,
(L) D] :
m=am, = — [ = | =T
s J"-Lf- ;

{d) Fringe widih of interference pattern = F
Afd
1) ) =
i) |- @ -
fringe width s inversely propartional 1o the distance between shits 5, and 5,
Add
{iiy - ff=—
A d
=i

Inwater 2 (wavelength) of Hght decreases so fringe width will degrease

-1 ""'.t ol

1

PO P-Ar
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= 2. What is Reflection of light? [Mode! Cuestian]
Answer:

When a ray of Tight approaches a sinoath polished surfuce and the lipght ray bounces back,
it is called the reflection af light. The incident light ray that land on the surface is
reflected off the surface. The ray that bounces back is called the reflected ray. If a
perpendicular were drawn on a geflecting surface. it would be called normal. The figuire
below shows the reflection of anameident beam on a plane mirror

Here, the angle aof incidence and ingle of reflection are with respect 10 normal and the

reflective surface,
Muormal

¢ Refleeied e
Incident ray

Laws of Reflection:
The laws of reflection determine the reflection of incident light ravs on reflecting
surfaces. like mirrors, smooth metal surfaces and clear water. Let's consider 3 planz
mirror as shown in the Agure above. The law of reflection states that

= Theincident my, the reflected ray and the noemal all lie in the same plane.

o Theangle of incidence = Angle of reflection.

< 3. What is Refraction of light? Explain the causes of refraction.
Answer:

Refraction is the bending of & wave when it passes from one mediam 1o another. The
bending is caused due 10 the differences in density between the two substances.

Cuuses of Helraction:

(1) Change of Speed Results in Change in Direction:

A ligt ray refracts whenever it travels at an angle itto a medium of different refractive
indes. This change in speed results in a change in direction. As an example. consider air
travelling it water, The speed of light decreases as it continues 10 rave! a1 a different
ngle,

L =4
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The refraction of light in glass is shown in the figure gbave. When light travels Trom dir
into glass, the light slows down und changes direction slightly. When light travels from 2
less dense substance 1o a denser substance. the refracted light bends more towards the
normal line If the light wave approaches the boundary in a perpendicular direction, the
light ray doesn"t refract despite the change in speed.
Laws of Refraction of Light
Laws of refraction state that
e The incident ray refracted ray. and the normal W the interface of two media a the
point of incidence all lie on the same planc.
e The ratio of the sine of the angle of incidence 1o the sine of the angle of
refraction Is a constant. This is alse known as Snell’s law of refraction
sin i

L =gonstant.
smr

2 4 Light travelling in air enters into an optical fibre of refractive index 1.44.
(a) In which direction does the light bend?
(b) If the angle of incidence on one end of the fibre is 229 them what is the angle
of refraction? [Madel Questien]
Answer:
a) The light wavels frum a rarer medium {air) 1o 4 derser medium (optical fibre). Hence
the refracted ray will bend towards the normal,
b) The angle of refraction can be calculated as follows:
let air be medium | and optical fibre be medium 2 Therefore,
n, =1 00,0, =144 and 8 = 22°
Now, substitdting the values in the equation as follows:
{1.00)sin 22° = | 445in 4.

8 =sin '(0.260) =15°

-4
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= 5, Explain: The formation of an image by convex mirror {Model Guestion]
Answer:
Rays emerging from a point actually meet at another point after rellection, and that paint
= called the image of the Mest point, The image is real if the rays converge to the pomt
and itis virtual if the rays do not meet it but appesr 1o diverge from a point when the mys
are proviuced bagkwards.
During image formation we assume that the rays are paraxial. ie.. they are incident at
paints elose to the pole P of the mirror and make small angles with the principal axis. For
a convex mirror, we consider two positions of the object before the mirror

«  When an object is placed at infinity,

o When the object is placed between infinity and the pole of the mirror
For the image formation by u convex mirror in this conditign. we consider 1wo rays
parallel to the principal axis and one directed towards the pole of the migor onginating
from the abject. These rays after reflection forman image & F. the principal focus of the
mirtor. which is behind the convex mirror. The image thus formed 15 highly diminished.
virtual and ereet

Cypecial pess
infimiy

= 6. Write down the lens maker equation for thin lenses. Write down i

limitations. - [Model Question]
Answers:
L {n- |][1—-L]
.-" . HI 'ﬁ'l.' 4

where, f is the local length (half the radius of curvatune)

i is the refractive index of the material used

K, is the radius of curvatuee of sphere |

Ry is the radius ol eurvature of sphene 2

As previausty mentioned, this equation can be used only for thin lenses. Lenses where the
thickness is lesser, such thar they are considered negligible in companison to the radius of
curvature, are referred w as thin lenses

If the thickness of lens has 1o be considered in comparison to the radius of curvature, the
foblowing lens formula for thick lenses can be used,

L ST 0 T N
! R R n=fx>R

POL AP
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where o is the thickaess of the lense in consideration,
Another situation that has to be considered is the lens maker's formuls accounting lor
abjects that are present in different media. The equation is as follaws,
il ri_;].rﬁ RE“
f __": _=. LR R
where.
ny is the refractive index of the lens in consideration
my 15 the refractive index of the medium outside.

Limitations of Lens Maker's Formula:
1. The lens needs to be thin. This is because the separation between the two
refracting surfaces will also be small
2. The medium on either side of the lens needs 1o be the same.
On violation of the limitations then the refraction at the curved surface formula (=
used for both the surfaces.

= 7. Whatis Critical angle? What is refractive index? {Model Question]
Answer:

In {I}Pﬁﬁ1 The angle of incidence 10 which the angle of refraction is 90° is called the
critical angle. The ratio of velocities af a light may in the airto the given medium is a
refractwe index.

=3 Explain the relation between critical angle and refractive index.
" ) [Madel Question]

Answer:
The relationship between critical angle and refractive index can be derived is —
Consider a ray of light,

»  Leithe angle of incidence f be <ritical angle C

= Lt the angle of refraction r = 90°

*  Refractive index of the rarer medium be g

= Refractive index of the dénser medium be g,

Applying Soell"s Law

o Sni_ g
sinr
= = psinC =4 5in 000
- _—_')i_— I
i, s=nl

Thus, we wrive at a formula expressing the critical angle and refractive index relation
i b
=
sind’

Hed AP
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S 9. Explain the terms; .
1) Power of lens
{ii) Magnification [Model Question]

Answer:

(i) Power of lens:
Power of a lens is its ability to converge or diverge the rays of light falling on it Power of a
lens is equal to reciprocal of the focal length of the lens S unit of power is dioptre (DL

(i) Magnification:
When a lingar object is placed perpendicular to the principal axis of lens, a linear
image is formed perpendicutar to the principal axis due to the refraction of the jens.
The position. size and the nature of the image formed depend on the position of the
object with respect 1o the lens.
The ratio of the linear size of the imape to the linear size-of the object is called the
miagntlicaton of the lens.
m= linear size of the image/ linear size of the object

= 10, What is Total internal reflection? [Model Question)
Answer:

Tatal internal reflection is defined as the phenomenon which eccurs when the light rays
travel from a more optically denser medium 1o 2 less optically denser medium.

A ray of light passes from a medium of water to that of air. Light ray will be refracted ot
the junction separating the two media. Since it passes from a medium of a higher
refractive index to that having 2 lower refractive index. the refracted light rav bends away
from the nonmal. AL g specilic angle of moidence, the incident ray of light 1 refracted m
such away that it passes along the surface of the water. This panticular angle of incidence
is called the critical angle Here the angle of refraction is %0 degrees. When the angle of
ingidence (s greater than the critical angle, the incident ray is reflected back W the
medium. We call this phenomenon total internal reflection. o

i, CrancaRanghe Tustal
y "/ Refracted vy reflagnon

Fig Total Intemal Heflection

ML AR
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Formule of Total Internal Rellection

" sine
Tatal Imernal reflection, — = ——

|'-'_. (LN
2y 3 i
Crnitical angle, & sinf@d ===

i,
Nomtions used in the total intermal refleetion formula and eritical angle.
s+ ristheangle of refraction
e i the angle of incidence
fpas the refractive index in medium |
n 15 the refractive index in medium 2
7 15 the cnitical zngle.

= 11. The focal length of u lens is S0 cm. Caleulate the power of that lens. Write
the type of this lens. [Model Question]

Answer:
Given,
Focal length F=350cm
Power. f = E = !E

f 50

£=20

Since, focal lenpth in #+ve lens is convex.

= 12. A convex lens is of Toeul [ength 25 em. Caleulate the power of the lens.
. [Model Question)]

Answer:
1 100 100

Focal length {in metre} L Focal length (in centimetre) . 25

Pawer of lens = 440

< 13. Write down the applications of Total internal reflection in Opfical fiber.
[Modal Question]

Answer:

When the incident ray falls on the cladding. it suffers total mtemal reflection as the angle
formed by the rav (s greater than the eritical angle. Optical fibers have revolutionized the
speed with which signals are transferred, not only across cities but Cross courntries and
cominents making telecommunicanion one of the fastest modes of informatian iranster,
Ontical fibers are also used in endoscopy.

= 14. Find the refractive index of the medium whose eritical angle is 40
|Modal Quistion]

Answer;
Crtical angle, 8= 40°
M P-A

Cptics AP.3T

Refractive index of the medium, ="

i | |
— d=|h
=gt

Eand A

= 15, An optical fibre made up the glass with refractive indev » -~ 1.5 which is
surrounded by another glass of refractive index ;1. of the cladding such that the

critical angle hetween the two cladding is 80° [Model Question]
Answer:
Critical angle, & =380"
Refractive index. i, =1.5 g

Refractive index n, =7
Lising the below formula, we can caleulate 7,

. i,
sinfd=—
m

singpe = 1=
. 1

n,=1.5xsin80"
", =1.48

= 16, Eaplain the rav diagram of a compound microscope. Write the expression
for its magnifying power. [Model Question]

Answier:

The diagram of o compound microscope is shown i Figure 1, The lens near the object,
called the obfective, Torms a real, inverted, magnified image of the object This serves as
the object for the sccond lens which is the eyepiece. Evepicce serves as a simple
microscope that produces finally an enlarged and virtual image. The first invened image
formed hy the objective is to be adjusted close w. but within the focal plane of the
eyepiece 50 that the final image is formed nearly ot infinity or at the near paint. The final
image is inveried with respect o the onginal object and obtain the magnification for a
compound microscope.

Magnification of compound microscope
From the eay dimgram, the lincar magnification due o the objective is,

PeHL AP
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Here. the distence L is between the first focal poimt of the eyepiece 1o the second local
point of the objective. This is called the tube length I of the microscope s £, and [ are
comparatively smalier than L.
If the final image is formed s P (near point focussing), the magnification m, of the
eyepiece 1s, '

yil .

m‘:h— 4y

L,

The toral magnification m in near point focusing is,

&l
m=am = —
0
IT the final image is formed at infinity {normal focusing), the magnificalion m, ol the
eyepiece is,

W

[ [F e

(5

- m = E .. [B)
F
The total magnification m in normal facusing is,
m=mumr=[£|[£] sl
fo AT
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Chapter 3: Electrostatics "

Chapter at a glance:
3.1 Electric field

The clectric field is defined mathematically as a vecior field that can be associnied with
each point in space, the force per unit charge exerted on a positive test chargs at rest ot
that point. y
The electric field is penerated by the electric chinrge or by time-varying magnetic ficlds
In the case of alomic scale, the clectric field is responsible for the atrachive forces
between the atomic nucleus and electrons which hold them together.
According W coulomb’s law, a particle with electric charge q, sl position X, exerts a force
on a particle with charge g, al position x, of,
pt .

4.?I'fu {_'r: =Xy }—
Where,
rp 18 the unit vector in the direction from point ., to point
g is the electric constant also known as absolute permittivity of free space C'm *N'
When the charges g and g; have the same sign then the force is positive, the direction is
away from other charge which means they repel each other. When the charges have
unlike signs then the force is negative and the particles attract each other
Eleetric field is force per unit charoe,
Bey=Slo__4

L' JHEI [A‘I Xy }L )

Electric field can be found easily by using Gauss law which states that the 1otal electric
Mlux out ofa closed surface is equal 1o the charge enclosed divided by the permittivity.
Or tota! Nux linked with a surface is 1/ gy times thg charge enclosed by the closed surface
The elecirie field can slso be calculaed by coulomb’s law bt the Gauss law methad is
casier. Besides, Gauss law is just a replica of the coulomb’s law. If we apply Gauss
theorem to a point charge enclosed by o sphere, we will get 1o coulombs law
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( Short Answer Type Questions j

A Choose the correct answer from the given alternatives in each of the

following.
1. The electric flux through each of the faces of a cube of side 1 m il a charge ¢
coulomb is pluced at its cenire 15 [Model Question]
i =
. (b) 4 g © —2 (d) —=
4e, e, 6

Answer: ()

2, Work done to displace a charge g from.a pomt # having potential 1 to a pont P,
having potential I7, is [Modeal Question]
ta) g(b. =) (bl g(F =) ie) gi.+17) (dj g1 /17)

Answer: (a)

i

3. The unit of Hﬁ.d& is [Model Question]

{a) Coulomb () Farad {e) Warnl {d) Vol
Answer: (1} :

4. The electric field between two oppositely charged plates with equal charge density o

15 [Model Questicn]
o
(a) 0 by == @ = (dy =
£, L, g
Answers: (¢) .
5. The wotal polarization of a polvatomic gas is [Model Question)
(a) P=Nle, +a)E (b) P = M(a,w,»f%JE
: [ R T N E
() P=N|a, +a,+ ’”__Wl.rz (d) p=f2
| IET Ki
Answer: (c)
6. A veclor field is said (o be solenoidal only when [Mode | Question]

ta) its divergence 1s zero
(b)) its curl is 7ero
{e) bath of its curl and divergence are sero
{d) both of its curl and divergence are infinite
Answer: (a)
ILFTN ST
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7. Flux of the electric field for a point charge (+4) at the origin through a spheccal

surface eentered at the same origin s [Model Quastion]

a i 29 M
a) ~— b) (c) — (d)
i 3 3 dre, £ &

0
Answer: (a)
B. Tlic change in riet charge inside a dielectric before and afier polarization remains
[Model Guestion]

(@) negative (b} positive
fe) unchanged (d} net charge becomes zero

Answer: (d)

9, Toml electric Mux (@) of electric field | E] over a surface 5 is [Model Questian]
(a) E-dS o) JEaS (e) Exds (d) JEnas
Answer: (h)
10 Electrical suscepubility g, is [Model Question]
A F e E
= — b =— {e) p, =k, EP (dy . =——
{a) x, ¥ (h) 2 ToE &=k %=p
Answer: (i)
11, The uni_t af polarizabilily is . [Model Question]
fa) Nmfe? {h) debye {e) Few {d) Vim
Answer: (e)
12. The electrical conductivity of an ideal dielectric is -[Made| Question]
(a) infinity (b} 2ero «  {eyvery large {d}y moderate

Answers (b)

13, When o dicleciric material is inserted between two plates of a capacitor, the
capacitance will be [Madel Question]
{a) increased (b decreased {c) same (d) zero
Answer: (a)

14, Ina conservanve feld [Mode! Question]
fa) work doane 15 zero (b} line integral is independent of path
() curl is not equal o sero (d) divergence is zern

Answer: (b)

POL AP
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15, Line imegral of an electrostatic field |s the [Model Question)
(@) work done by the field per unit charge (b3 electric field
te) work done by magpetic field (d) 1otal charge in the feld

Answer;: (a)

( ’ Long Answer Type Questions j

= 1. (n) State Gauss'law in electrostufics: Using the law, derive an expression for
the clectric ficld due to 2 uniformly charged sphere.
(b) Why electrostatic potential is constant throughout the wvolume of the
conductor and has the same value as on its surface?
{c) Net capacitance of three identical capacitors in series is lieF . What will be
their net capacitance if connected in parallel?
(d) Define electric Aux. Write its S1 unit. [WBSCTE 2022)
Answer:
a) Ist Part:
Gauss's law-statement: The net outwand electric flux (i, integral of the normal
compunent of the electric field) over any closed surface of any shape drawn in an electric

| . .
field is equal to — times the net charge enclosed by the surface. £
. £y A

Mathematically it can be represented as fE.ciS;:Lq whare
= £
:J- indicates the surface integral over whole of the closed surface

and g is.net charge enclosed by the surface,
From Gauss's law we have 4.'-_:13 oS = —lr,r

5 60 -
Considering the sphere of radius r, and elementary area dS as shown in the figure.
Electric field at A due to charge q at the center is E. The direction of E is-along i ic,
normal to 45, | lence E 48 = Fa¥

From abave Gauss theorem we can write F..dm-’-‘-_'.,r
&

I
Ang, r’
It another charge ¢ * is placed on A then Torce on the charpe ¢
s o | f
F=Ey :——Ei‘-r' which i< coulomh’s liw.
dme, r

R
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Ind Part: ;

Electric field at a point inside a uniformly charged sphere
Let us consider a poim P ac a distanee ¢ from the sphere centre us shown in figare 2 Let
the electrie ficld intensity at the point Pbe £,
Co Applving Gavss's law, we have

EE e
-_jE.d:,-Er

or, Ex [4:rr" )=t
e,
where g, is the charge enclosed by the sphere of radius r (shown with dotted lines)

S Considening eqn. (2) wie can get the value of 4 by substiting R =r

Fig: 2

L=
S ==EED

3
& ]
: Dy FETR
Hence we pet £ “-(‘"" )=
/ c,
i 1
-
or, E= —'-——i .
darte, 3g,
L L
HE e r e (4]
Thus electric field varies linearly with the distance from the centre of the sphere.
L

Therefore, lux density H= £ =Tf‘

b} A conductor has free electrons. As long as electne field is not zero, the free charge
carriers would experience force and dnft. When there 15 no current inside or on the
surface of the conductor, the free charges have distributed themselves so the eleciric field
15 zero everywhere insude ihe conducior. Electrostatic field s zero inside a conductor.
As inside the conductor the electric field 15 zero, so no work is done againss the slectric
field 1o bring a charge particle from one point to another.

E:[%E =)

where E is the electrostatic potential, V s the potenitial difference between two points on
a conductor and r s the distance between the two points.
Since E=0, therefore the potentinl ¥V inside the surface is.constant
Beeause thene is no potential diNerence between any two points inside the conducior, the
electrostatic potential is constant throughout the volume of the conductor.

A¥V =F -V, =0

=¥ =K

P F-AP
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This proves that the potential al every point 15 sarme inside the conductor.

) Lis given that €, = € =0, = C (say)
) . . . ) C
Then their equivalent capacitance in series C, = —= | uF

Tad

={=3uF
o Wet capacitance in paralle| arrangement C, = 3C =3 = 3uF =94F
Let the capacitor combinaiion be connected, in both configurations, to a given source of
voltage V. Then net energy stored:in parallel combination
1 I lufF 1

R
2 w, € SufF 4

M, =

d) The total number of #lectnic feld lines paising a given drea in a unil time is defined as
the electric Mlux, Similar to the example above, ifthe plane is normal 10 the flow of the
eleetrie field, the tota] (ux is given as:

ér = Ed

When the same plane is tilted at an angle €. the projected area s given as'deos @and the
total flux through this surface is given as:
@ = Edcos@
Where,
» L is the magnitude of the electric field
o A is the area of the curface through which the electric flux i< to be calculated
» G ic the angle made by the plane and the axis parallel to the direction of flow aff

the ¢lectric field
The 81 unit of electric fux is voluneters (V m),

= 2 A very lang evlindrical abjeet carries charge distribution proportional to the
distance from the axis (). IT the cylinder is of radivs o, then find the electnc

field bath at r = & and » < a. by the application of Gauss' law in electrostatics,
[Model Question]

AnNSwer:
Let p be the volume density af charge of the cylinder havimg radius o Let us choose twa

cvlindrical surfuces of length [ and radii v and x +afv . Since E is parallel w the end
faces. the component of E normal 1o the end faces is sero. For cylindrical symmetry at
all points of the curved surface, iE| = Constant. for r>u

We chonse a Gaussian surface of radius . 3y using Gauss's law we have

L Ar
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f{f;‘dﬁ = “{i + E 2arl = —I— f:-‘;'l'!h‘f ¥ Iarin
5 ‘-In- f-, n + ]

. (i
EZarl=— ‘I‘:]-R.tdt‘f* foe Ciapsian
£y 0 Shirfale

I T
= Fdnrl = Ll I.r'dr
14

{* is proportionalily constant as before

ber

=3 k= for F<ir

Same way we can choose a Gaussian surfuce as stated before
and this surface is internal to the cylinder. So electrical flux v ‘:
through the Gaussian surface is Infimis

qf.rﬂ: -2 S E2ari- iy 2axdel = p
£ & <y n

E Zal = [2mxadt « e

'Eﬂ o
7 L :h":
- E 2zl = 2tk j_w‘d.r Lk is propartionality consiant as before} —» £ =—
ELI il AE;

which is the required eleetrical field and direction is radially outward.

= 3 State Gauss's law in electrostatics.

[Model Question]
Answer:
Gauss's law statement: The net outward elecnic Mux (Le. imtegral of the normal
comppnent of the electnic Nield) over any closed surface of any shape drawn in an electric

field 15 equal to 1— times the net charge enclosad by e surface.
Ly

g |
Mathematically 1t can be representiad as _E!:;!F.—q where
: £,

|_} indicmes the surfaee wepral over whole of the closed surface
A

andd i is nen charge enclosed by the surface.

: |
From (dauss’s lw we have ‘J‘*‘:-" d¥ = —y

] £y

PO E-AP
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Considering the sphere of radivs r, and elementary area d8 as shown in the figure.
Electric ficld ur A due 1b charge g at the center is £ The dircction of £ {5 along A ie.,
mormal to oS Hence EdS = ds

From above Gauss theorem we ¢an write E.J.".T:=L.q

£
| g
e
d=e, r°
If ancther charge ¢ * s placed on A then (oree on the charpe
e Eq' = LiI:‘:--r whwh s coulomb’™s faw,
dxs,

= 4 A capacitor is made with two infinitely long evlindrical conduetors of radii a
and b (a>#), with vacuum in the intervening space. If the internal cylinder is
kept at ground and the outer cylinder has a charge density & then solve

Laplace equation to find the electrostatic potential in the space between the
evlinders. [Model Question)

Answer: )

Since the region is free from charge so we can apply laplaces equation as V°F =0

In eylindrical form we have laplaces equation as %%r r%—} =0

Solution of the ahove differential equation as V' =C ln\r [

at r=f V=0 ~0=Chr+8 er..D=-Chnd -y .—;'mlyﬂ
"

atr=a V=¥, 5o,k =('Jrlf%}:ﬁ_‘_ J‘ ve = Fo |n{: <4
In( 4% ) In{j‘h}l h
T h = g 2ral N 2
Using Gauss law IE_J.'F.' =L 3 2rrlE = a—E=— ‘
L &y i
‘ 3 —
- b". -
Sér, Pl:lgdrru—gln'— bl
b N &g waa ) ™
On substituting the value of V), in (i) we have :b-i
8 i
rn( oo C L
[ =£ “,: Inj = ‘ .
& a) b
In[
b)
or V=- Eill| ;—1 :’h\hlch i5 the required potential.
AT

. Electrostatics AP.AT

2 5 (a) Use Gauss' law to calculate the electric field between infinite extent
parallel plate capacitor carrving charge density v and mutual separatjon d.
(b} Verify whether the potential Tunetion |7 X, V)satisfy Laplace's equation or

not. Find also the charge density, [Model Question]
Answer:
a) We have from gauss’s law 'f.ﬂ:'.rf ll fj
: gy &

| . 5
Forane conducting plate 2£5 = ar, £=-Z

& e,
For the case of a charged conducting plate, charge is distributed over the surface of
conducting plane of uniform thickness and af infinite size with uniform charge deénsity o
So electrie field will be the sum of the electric fields arising from two surfaces of the
condueting piate,

% _ iF = ot
=+ £ =— (along X direction say)

1 i P

So the electric Neld will be E=2% .,i =
2,

5o, clectrical fiekd is independent of distance of separation of phates,

» e

; = = s =
b) Using £ = -V [’:-[%H +-‘}i—11-;+il"¥ | we have
- PR . R T - ol o
Sn.—(—-“ — W=k |=—d 5" = T L p--Z
| e l e\ ! dr x.,, g dy & e .I:,J

So VI =0 which satisfy Laplace’s squation.
50 the charge density |s zero,

= 6.a) Write dawn Lapluce's equation. Show that the potential function ¢ 7« -
satisfics Laplace’s equation,

h? Show. that when a dielectric is placed in an cectric field, the field within the

diclectric beecomes weaker than the original field. [Model Question)

Answer:

) If the region of space is charge free e, o= 0, then in that region potential §' will he

VU =0 which is Laploee's equation.

As l,;’ p +:} o e have -‘;—e: -'_—"!: +L—? =2 240=0 which indicates that
- LT - =

I sanisfies Laplace's equation,

bj Let the vacuum inside the charged plate is replaced by medium of diclectric consiam &

Fhe dielectric will be polarized. That is euch molecule of the dipole will acquire dipole

moment and will be oriemed along the electae field. As a result. the surfaces of the

Lt R



ni. APPLIED PHYSICS - 11 AP.48

dielectric will acquire induced opposite bound charges of charge density o, which is in
genaral less than o . The comesponding free and bound

|t o e -
charses are g and g, Also g <g. The induced electric ; =]
L] 3

field within the plates of the eapacitor will be £ = - A T S i |-
£, b oe— '
will be directed opposite 1o E.. Therefore the net eleciric E - E
L) '

field within the dieleciric medivm will be £ = F, - E . Sa | ———mmemmemess

clectric field onthe dielectric E will be less than the original field £,

2 7. (a) In a region of space the electric field is given by £=8i+4j+3k. Calculate
the electric Mux through # surface area 100 unit in AT plane.
(h) Show that ¢ =1/r is a solution of Laplace’s equation. [Madel Question]
Answer:
a) As the surface area is in x plane so the unit vector of the surface area will be its
outward drawn vector of oy plane Le. along £ axis 1.8 k

So 4% = EdS =100k hence electric flux E.5 = (81 + 4+ 3£).100k = 300 units.

by V- =¥ V= ‘E-'L;i: Herlce'i‘j:r}-"u_:l_-{ﬁ[ }}1- ?‘ﬂfﬂ
I

vipn=v L0 g LT o Jdlny
dr dr r rodr
Comparing standard formula V(¢ 7 ) = ¢ V. = V¢ 7 with the abave equation we have
scalar function ¢ ! %” and 7 = 7 . 50 we can wrile

Idﬂr} L df(r]
v = s+ VN ——r ;
Jin= rodr I 'vr=31
=ﬂl+_;i.lir._”'l F
Fodr  delr dr |

?’f{r;;.%.‘ﬂf_} L‘#_‘ﬂ,,-lﬁ‘j”
rodr rt dr r
Rl LI LN LY (12

dr ¥ odr or rodrt o
Vi fry- 2 40 Ldftry 147 )}
TrodF v o dr r &

FEMLF =l

Electrostatics AP .48
2df(r) 1 d’fir)

L
fir)= v r odr

Mow substituting fir) = l in the above identity we have,
¥

i ‘ A FY = oy
v.-.l] z_ffi],d,(i_ _3_1),
LK) rdr RN o (N 5

So i satisfy laplace’s equation

=3 The clectrostatic potential at a point Fi7) is given by 17(7)= l Show that it
3

sutisfies Laplace's equation V2K -0, [Model Question]
Answer:

V() :ﬁ.ﬁ'[ﬂ = '5‘.-:?[%] F=Y(-r7)s

dr
s ; 15 3 3 i
ot Vi) = —73;+ r.{ =3 Jr' = —%+-—;~ =} which 1s Laplace’s equation.
o F
Henee proved.
= 9, What is meant by polarization of u dielectric medium? [Mode! Question)

Answier:

When a diglectric is placed in an external electric field. the centre of positive charge of
the constituent aroms o molecules is displaced along the applied field direction and thay
al the centre of negative charge 15 displaced in the opposite direction. Thus a dipole 15
produced. The process of producing electric dipoles which are originated along the field
direction is called polarization in dielectnices.
)

= 10, The potential in a medium is given by @) - 4""’ .

AL.r

(1) Obtain the corresponding clectric feld,
(11) Find the charge density that may produce the potential mention above.

[Mode! Question]
Answer:

= AL; where A =_4

i) Given @ r
r)= 4::.:“:' r v,

POLY-AP
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[ 1. . /
| ——re =g J-| = . 2
Electric field E{r]: d#(rjr":_,![ A _ le gl .l"-: il
dr | k- | i
- |

E(r l-

+ F
J -
i} Taking derivative on both sides of the electric field expression we have
p=—cNp=-€X-E(r)

a=39 [ iz +~I-e %l
4 ¥ oI =
. S M o sl BN
.. ‘F"e ‘)-*:!--1—# ~|v-l_“}+iv(e ';)—,--—I-u"[V-L
i r S R ¥
r -
q 1 -tf . F -5 h 1 W | ':.f |
orpe=— ——p ip.—4 4; el T
Pl a7 o ] Zd(r ) = 4 lr -

[-whﬂﬂ! &(F) is dirac delta I'unﬂibm]
ﬂf.p:q[:sl:lr]— 2 I_: Wr_;j
a TATF
Now using poission’s cquation we have M:-—p— so charge density will be

dr® £
7
9 [E_E/] “% which is the required expression of charge density,
4mi’

ol 3

S

S 1. Check whether the electrastatic field given by F£=an’(y«x) is

conservative or not.
Answer;

[Model Question)

A field is conservative if its curl is zero i.e.,'ju E=0

i /
Now, VxE= 8 2 = 'k
Y
lax:.l‘ m’ 1r':

Since Vi £ 20, 50 £ = axy’ {.q.-f + r;] is ot conservative

POLY-AP
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= 12, (w) The potentisl ficld at amy point in frec space is given by
V=5 y+ 3z + huz Volt, where x, v, z are in meters. Culculate the volume
charge density at point (2, 5. Jym.
(h) Find out the relution hetween electric flux density (D). electric field (E)} and

polarization vector (F) in diclectric medium. [Model Question]
Answer: )
a) Using Poisson’s equation %71 ...-—""'. we have
L.
LN S —[!m',l 8o £ - _16x5=-80 or, p=—80s, which is the
& :"r & = _ :

required charge density at {2. 55

b} Let the vacuum inside the charged plate is replaced by medium of dielectric constani &
The dielectric will be polacized, That is each molecule of the dipole will acquire dipole
moment and will be oriented along the 2leeine field. As a result, the surfaces of the
diclectric will acquire oppesite charge density 7, which is in general less than o, . That

is o, <o,. Here o, is called induced charge density or bound charge density. The
carresponding free and bound charges are g, and ¢, Also g, < g. The induced electric

field within the plates of the edpacitor wilt be £ = Z2 1 will be directed opposile 1o
. 3
E, Thercfore the net clectric ficld within the diclectric medium  will S
: e
E=E, f.;_— ——£
B £

o
Polarizalion vecior. 7 is equal  the bound charge per unit area or equal to the surface
density of bound charpges (because surface charge density is charge per unit area).
Thus /= 3e a,
A
Fisalso defined as the electne dipale inoment of material per unit valume
P=np where nis number of molecules per unit volume.
Bisplacement vector, [} is equal 1 the free charge per unit area or equal to the surface

density of free charges, thus £ {-f;- o

From (1) we have g E=a, -r, . Hence s, E=D-P or D=gE+P which is the
required relation.

POL AP



i AFPLIED PHYSICS - 11 AP.52

= 13, Derive an expression for the electric field between two infinite extent parallel
plate capacitors carryving charge density o and mutual separation d. Draw the

necessary diagram. [Model Question]
Answer:
HF -

& i
-

N -

C:B? E

s =
R

f+ --h -

Let us consider two nfinite plane paralle! sheets as showi. Let us first consider a point P
lying anywhere in the region between the two plates with charee densities 4o and —ar.
We draw a normal cylinder of cross sectional area S through P having one of its ends in
the conducting plate. Then we have from gauss’s law (as in the case in the infinite plane
sheet)

c;E'_di =2 or, ES:EE- hence £ ==
] 2 & £

{if we assume permitivity of a capacitor be-£ §

So the field between the two plates s uniform and independent of their separation.

But any point lying cutside the plate field will be zero as per the gauss's law (no charge
enclosed within)

< 14, a) Derive the relation between electric field intensity and electric potential,
[Medel Question]
Answer:

A charge in an elecirical field imensity E experiences & foree given by £ =yE . If the
charge moves, then the field does work if the field has 2 component parallel 10 the
displacement. If E is uniform and has & component in the direction of the displacement,
then the work done is ¥ = F Ar=gE Ax

If £ makes an angle 8 with respect o the displacement, then this can be writien as
W = Flxcos@ = gEAxcos 8

The electrical force is conservalive, so we can associale & powential energy with this lorce.
I the work done by £ s positive, then the potential encrgy decreases: if it is negative,
then the potemial energy increases. Specifically, APE = =W = -g£ Az

The electric potentiol differance AV between two points A and B is defined as the electric
ngn[il] energy difference of a ;hg_rgg q between those 1w pﬂiﬂlj divided By thie egh nrge.

P Ar

Eloctrostatics AP.5)

APE
(unit = 1/C = valt = V)

&V =¥, -V, =

AV oy

Since APE = —yE Ax (uniform E), then AV =—E Ax or £, =- ;
Ar i

For three dimerisional ense E = —-'ir—} or, F =_.‘?f.
i

As B=EivEIcER s6 8= 2V, V5
dx dy oz

Henee £ = -VF which is the required relation.

= 14. (b) The potential in XY plane is given hy
]
Ir:(;=+_[,':) E

Calculate the elecitric field at the point (3, 4). [Model Guestion]
Answur:

Eleciric field will be E=—'ﬁ'ﬁ";—£[r: 37) -:F'——f"-{.r: 2
&x

&= _l_r[‘. . j':} ;erw‘vlql:r: +_‘|'=:|“12_15;

: Ll . ¥ 4
L= i 4 £

s G

3i+4)

125
< 14 (c) Write down Laplace's equation in eylindrical coordinates and find the
[Model Question]

So electric field a1 (3. 43 is £E=

stlution.
Answer:
Laplaces equation in eylindrical coordinate can be represented as
Ao - P T 5 L =
V= -_—|'p— t———+——=0 where Vis the powemtial
pep" Bp, p R 0F
Let us consider n eylindncal capacitor of inner and outér radin @ and
h respectively. Let the inner evlinder be at a potential I and ouer
cylinder is grounded fe.a r=h, 17 =0

To solve the Laplace's equation V71 =0 in evlindrical coortinate
system, let us consider any point P inside a cylinder a1 o distance »
from the axis of the cvlinder. In tlus ¢ase the variation of potential
I 15 considered only alung the radial direction anly.

Hence, the corresponding Laplace's equatton for potential | in ¢vlindrical coordinates can
be written as,

ML F-AP
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-I|"| =0 —.['
-.]—-f- p{: =0 nlr,—:—| I.:'-E_-—“I—I.':I
£y ©py ol @)

Integrating we ger

& o S |
p—=constanl = 4 (say)  or. — ==
cp o7 S
Integrating again we get,
V=Alnp+8 R .

where B is another constant of imtegration, )
This is the solution of Laplace’s equarion i cylindrical coordinare considering the
variation of I along the radial direction e, along p
From (2} we can writle,
O=Alnt+5& ar, B==4lnb

r-'—..arn;-—fnnb:,un-il

=

when p=a. F=F,

From (2] we geL ¥, = .-l!n—: o A=

Froin (2) substitating the value of 4 we get, 7 = -
-
b

Above equation gives the value of potential & 2 point inside the cylindrieal capacitor for
which a> p> b

= 14.(d) Why electric field inside @ dielectric decreases due to polarization?
. [Model Question]

Answer:

Let the vacuum inside the charged plate is replaced by medium of dielectric conswant k,
The dielecinic will be polarized. That is each molecule of the dipole will scquire dipole
moment ‘and will be ordented along the electric field. As a result, the surfaces of the
dielectric will acquire induced opposite hound charges of charge density o, which is in

general less than o . The corresponding free and bound charges are g and g,. Also

. . o
7, <49 . The induced electric field within the plates of the capacitor will be £ =—L_ 1t

will be directed opposite 10 };'". Therefore the net electric field within the dielectrnie

PO Y- AP
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medium will be £ = £, - £ . So electric field on the dieleciric £ will be less than the
ariginal field £, .

_——

'

i
i
¥
i
¥
]
¥
i
¥
'
i
¥
i

As we know surface charge density due to polarised charges is equal to P

 Efféstive fata £=2=F .
&

Again we know P= constx E=& 7

. !
apetioar g
&y % £ {1+ 2)

In a panticular capacitor EEis constant, So, effective field is reduced by = facior :
i X
inside a dielectric.

S 15 Using Gauss’ law find out the electric field due 10 a charge g uniformiv

dilltﬂhllltd over a sphere of radius R (i) at an external point, (i) at an internal
point and (iii) at the surface of the sphere. Show the variation graphically.
[Model Question]
Answer:

1) Qutsicle the fpﬁem: Let the point 2 be at a distance r from the center of the sphere so
that r > R. To find the electrie field at P we draw 2 sphere of radius r concentric with the
charged sphere and passing tirough the point P 10 repeesent Gaussian surface

Tocl!] electric lux over the spherical surface of radius r will be Pf'd.';
[EdS = E [dS = E4ar’

As per Gauss theorem jﬁ‘;i.‘f S [y 7 e
g, I

L]

E=— % o |le=——1;

POLY-AF
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Cedpmacitn
Ao

The value of £ is the same as if the whole charge were concentrated at the cemer,

Further total charge of the sphere g = -:—.rrR‘p where o is volume density of charge.

Hence E=

4 R p
——aR'p = -
d7e.r H-JT g
R ,.'1' ;
3z r

Vectorially we can write £ =

fii) On the surface: For a point just on the surface of the sphere, the whole charge q. as
before can be suppoced to be concentrmed at the center

Hence Electric Field F= 4; o E-R2 _Re
dre, R LR 3e,

(iif) Tuside the sphere: Let the pomt £ be imside the sphere ot o distance » from the
center of the sphere so that r < R We again choose the Gaussian surface as a sphere of
radius r with the center 0. Lev p be the volume charge density of the sphere and as
befcre (previous Example).

B eh.argc __q .

4 4
valume S Ak
1

b 4
and et charge within the Gaussian surface of radius r = 3 e B

Total electric flux through the Gaussian surface IEJ.‘F = EIH’S =Ednr’
As per Gauss theorem

—_ 1 1 A
?_‘,u‘s =ir_l —p ,E_.:xr' :iI_l .p.:-_ = __i_ -E::..
£ R & R dzz, B

XA V- AP
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Loy or, E=1" 7
g, B 3z,
The electric field at any point inside-a uniformly charged sphere is directly proponional
to its distance from the center of the sphere.

So veclorally £ =

F
f\ _'i 1 g
i eabert] BT
I
,-"—"ET—.
—_’/ Exr -
R R —

Ml Ve P



Chapter 4: Current Electricity ”

Chapter at a glance:
4.1 Kirchhoff's Laws for Steady Currents

First rule: It states that at any junction of the circuit, the sum of INcaming currents is
equal 1o sum of the outgomg currents. For example, in the figure. O is the junction of five
conductors: (rather wires). The currents f, and {, are flowing towards junction ¢, on the

ather hand the remaining currents /,./,and {, are leaving the junction O. Hence from the

fistrule /y + /[, =7, =], + 1.

Fig 1! KirchBofl s first rule

Second rule: This rule states that starting from any point of the circuit if one returns 1o
the same point afier wavelling along a closed Joop, the alpebraic sum of the potential
differences across each branch of the path must be zera.

—
=

lustration: | he figure shows the loop ABCDA of @ wire j iy
mesh circuit. In the branch AB, there is  cell havingem.f 4 I~
E and intemal resistance r. The resistances of the branches
BC. CDand DA are R, Ky, and & respectively. Now if the
current in the loop is /, then applying the sign convemion,
the Kirchhof's  second” rule  pives  along Ay
ABCDAE-ri-RI-RJI-RT -0 again along Y T T 2
ABCBA R+ B0« Rt +rl=FE=0

Henee, along both the paths &= RJ + K0+ Ry + vl

_h.
>

Fig 2. kirchbu Ty second mule

th's luw states that the current through a conductor between Iwo  points s
directly proportional w the potential difference across the two points. Introducing the
constant of proportionality, the resistance, one arrives al the ususl mathematical equation
that dcscribc:f.ﬂ'lis relationship:

= h
where fis the current through the conductor in units of smperes, ¥ iy the podential

difference measured across the conductor in units of volis, and J is the resistunce gl the
conducter in units of ohms,

—
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4.2 Specific Resistance

Specific resistance of a matenal is 1he resistance of the material having unit length and
unit cross-sectional area,
The S.1 unit of it is ohm-m.

The resistance ol a material is dependent on the following factors,
1. The cross-sectional area of the material

2. The length of the material

3. The specific resistance of the material

Series and Parallel Connection;

:l ‘I
|

If RiR;.. K, resistances are in series combination then the equivalent resistance is
Re= Ry+Ry+. R,

-

IT Ry R Ra resistances are in parallel combination then the equivalent resistunce is
B |
Re™ 71 [
¥ T
R R i
Ammeler is 8 deviee 1o measure the curment through a circuit
Valtmeter s g device to measure the voltage difference between two nodiss in a circuit
Volumeter and ammeter £an be convertéd into cach other by connecting suitabie
resistances in parnllel or in serivus connection

4.3 Seeback Effect

The Seebeck effiect is u phenomenon i which a temperawre difference between tuo
dissimilar elecirical substances produces & voltage difference betwesn the two
substances,

AL AP
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When heat is applied to one of the two materials, heated clectrons fow toward the cooler
one. If the pair |s connected through an electrical circuit, current flows through the
extamal circuit

The valtage produced by Seebeck effect is small, usually only a few microvolts) per
kelvin of wmperawre difference at the junction. 11 the 1emperature difference is large
enough, some Seebeck-effect devices can produce a few millivalts [thousandths of a
volt). Numerous such devices can be connected in series 10 increase the outpul voliage or
in parallel 1o increase the maximum deliverable current. Large arravs of Scebeck-effect
devices can provide useful, small-scale electrical power if a large temperature difference
is maintained across the junclions.

The Seebeck effect is responsible for the behavior of thermocouples, which are used to
appreximately measure temperature differences or o aciuate electronie switches that can
turn large sysiems on and off. This capability is employed in thermoelectric cooling
technology., Commonly wsed thermocouple  metal  combinations  include
constantan/copper. constantanfiron, constantan/chromel and constantan/alumel,

4.4 The Peltier Effect

The Peltier effect is a temperature difference created by applying a voltage between two
electrodes connecled w a sample of semiconductor material. This phenomenon can be
useful when it is necessary to transfer heat from one medium 1o anather on a smal scale.
In & Peltier-effect device, the electrodes are typically made of a metal with excellent
¢electrical.conductivity. The semiconductor material belween the elecirodes creates two
junctions between dissimilar materials, which. in tum. creates a pair of thermocouple
voltage is applied to the electrodes 1o furee electrical eurrent through the semiconducter,
thermal energy Nows in the direction of the charge carrers

Peltier-effect devices are used for thermoelectric coaling in electronic equipment and
computers when maore convemional cooling methods are impractical.

Wheaisione Bridge:

For measuring accurately zhy resistance Wheatstone Bridge is widely vsed, There are
two known resistors, one variakle resistor and ane unknown resistor connected in bridge.
By adjusting the variable resistor the current through the Galvanometer is made zero.
When the current through the galvanometer becomes zero, the ratio of (wo known
resistors is exactly squal 1o the ratio of adjusted value of variable resistance and the value
of unknown resistance, In this way the value of unknown résistance can easily be
measured by using 2 Wheatsione Bridge.

b

Current Electricity AP &1

e

Wheatstone Bridee

The theory of Wheatstone bridge is used in the Meter Bridge and P.O. Box.
When eurrent lows through a conductor then some amount of heat is generated in the
cenductor. The amount of heat energy generated can be ohtained from Joule’s law.
Joule's faw: It states the relation between heat generated by an elecine current flowing
through s conductor.

Q=K1
Where {# [s the amount of heat, [ is the eleciric current flowing through a conductor, £ is
the amount of electric resistance present in the conductor. and ( is the amount of tme for
what the current is flowing through the conductor,

( Short Answer Type Questions j

A. Choose the correct answer from the given alternatives in each of the

following:

L. The specific resistance of a copper conductor depends on [WBSCTE 2011]
{a) length ' (b) cross-sectional area
{c) mass (d) none of these

Answer: (d)

2. The resistances B0 ond 342 are connected in parallel and the combination is
connected n serics with a 463 resistance. A banen of emf 6Y 15 connected across the
combipation. Current passing through thee baners s [WBSCTE 2011)
{a) 1A (by>14 () <1A (d) none of these

Answer: (a)

PP
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3. Two resistances of 680 and 30 are connected in parallel and the combination is
connected across a 6 volt battery. The total power consumed is [WBSCTE 2012)
{a) 12 watt (b} I8 wan {€) 2 watl (d} 36 wall
Answer: (b)

4. The resistance of a wire of length 170em and diameter 0.3mm is 46}, The specific
resistance of the material of the wireic - [WBSCTE 2013]

(a] 1L66=107"Qum (D) 1.66=10°000  (¢) 66107  (d) none of these
Answer: (d)

5. When current is passed through a junction of twa dissimilar metals, heat is evelved or

sbsorbed at the junction, This process is called - [WHSCTE 2014]
(0) Seeback effect (b} Joule effect
(¢) Peltier effect (d} Thomson effect

Answer: (c)

6. The length of a conductor i= doubled and its radius 15 halved, its specific resistance

15+ [WBSCTE 2015]
(a) unchanged (b} halved (e) doubled {d) quadrupled
Answer: (a)
7. The electnc current in-a lamp decreases by 5%, The power decredses by -
. [WBSCTE 2015]
(a) 5% (hy 1% (e} 15% {d) 20%

Answer: (a)

i Two n:s.i-sl,u.r:ces of 681 and 30 are connected in parallel and the combination is

connected across a 6 V batiery, The total power consumed is - [WESCTE 2016]
(a) 12 wan - (b) 18 wan (e} 2 wan [dy 36 walt
Answer: (b)
9. Nichrome wire is used as the heating element because it has — [WBSCTE 2018]

(h} low mehing point
{d) high conductivity

{a] Low specific resistance
(2} high specific resistance

Answer: (a)

0. The ratio of resistances of two bulbs of powers 40W and 60W, dES'IEI‘iL’li 1y peernte
110V and 220V respectively, 15 [WHSCTE 2017)
{a) 3R (h) 34 [c) 3:2 {dj 3:1

Answer: (a)

PO el
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1. The specific resistance of a conductor depends upon — [WBSCTE 2018]
{a) length of the conductor
(b) area of cross-section of the conductor
(¢} temperature of the conductor
(d}mone,ol these
Answer: (c)

12. A bulb rated 60W-240Y is connected toa 160V mam. The current through the bulb is

[WBSCTE 2019]
(a) 112 A (b)13A (c) 16 A dy /A
Answer: (a)

13. W The length of a conducting wire be made half and the area of cross section be made

double, the resistance becomes [WBSCTE 2023)
{a) faur times (b] two times
{e) halved (d) one—fourth

Answer: (a)

14, 1he specific resistance of 8 copper conductor depends on [WBSCTE 2023]
(a) Length (b} area of cross—section
{c) temperature (d) all of these

Answer: (¢)

LS. The Sl unit of resistivity is WBSCTE 2022)
{a) ohm.m ' i)y volim’
i€} volum () ohm m

Answer: (d)

16. Two resistances of 6{and 801 are connected in parallel and the combination is

connected across a 24 volt hattery, The wtal power corsumed is [WBSCTE 2022]
(a) 48 wan (b 84 wan {e) 168 wan (d) 36 wan
Anmr; {d)

B. Fill in the bianks with the alternatives given In the bracket:
1% In an elecwic lamp 2 Power consumed when V.= Volage and £- Power

consumed when 1° . Voliage. P‘—L%; l F L-""H- 1 P oor P 4] |- £
. |l L)

[WBSCTE 2011]

I8 There are twa bulbs of 60W and 25W. When they are connected 1o the mains in
serica 250 lamp will be briphter (25W lamp will be brighter / 60W lamp will be
brighier.) [WBSCTE 2012)
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( Long Answer Type Questions j

= L Stute and explain KirchhofT's laws for steady currents. _
[WBSCTE 2005, 2008, 2008]
OR,
Write down the expression of the thermo-emf( (E) developed in a thermoeouple
in terms of the temperature difference ( #) between its junctions, Draw E vs &
curve and show the positions of nentral temperature and inversion temperature.
[WBSCTE 2017)
OR,
State KirchhofT's rules for an electric network.
Answer: Refer to Chapter at a Glance 4.1,

[WBSCTE 2022]

S 2 A 50 mV voltmeter of resistance 500 L1 is w be converted in 1o -
(i) an ammeter reading up to | ampere,

(ii) & voltmeter reading up to 5 volt. Circuit diagram for both is essential.
[WBSCTE 2005, 2013]
Answer: ) .
(i) For converting a voltmeler in [0 an ammeter we have to connect an resistance in
parallel combination with the voltmeter. .
Let the resistance of the parallel combinztion is RQ the voltage across the voltmeter is 50
mV & resistance of the voltmeter is 500 £2.
) 500 R
' i f the combination = 500 | R = ——
So, effective resistance o 0T R
Total current through it will be | ampere
So, voltage across i
|xJWR=_}Dz|u.} e des s s
M+ R

SO0 R

: = 0,05
%00+ R
or. 500 R =25 + 0.05 R

or. 49905 R =25

25 Amereler Keading up
R= 0.050
49995 o i | Ampere

(i) For convering a voltmeter inta & voltmeter of higher reading, we have 10 connect a
resistance R is series with it

Le the resistance is-R.

The veltage acrass the volimeter is 50 mV and resistance of it is S00£1

50 mY

Sa, current through it = =0.1' mA

INH. AP
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After connecting a resistance is serics the equivalent resistance 5 = (R + 500)£)
So. voltage across it=(R+ 500) = 0.l m=(R +500) =01 = 107" =5

or, R + 500 =

0110
or, B 4+ 500 = 500040
ar, R = 50000 - 500
or. K =495 ki3

S0, 49.5 kL2 is to be connected in series with the voltmeter o convert |
it to a vohmeter of reading upto 3 volt

Voltrsower renimg

upss 3 ol

= 3. (a) Distinguish between peltier effect and Joule effect . .
[WBSCTE 2008, 2008, 2007, 2013, 2014]
OR.
Write down two important differences between Joule effect and Peltier effect.
[WBSCTE 2017]
(b) The resistance of a coil of copper wire is 1002 at30°C". Determine the
rosistance of the coil at100°C . Given the temperature coefficient of resistance
of copper = 4.2 10" [WBSCTE 2005)
Answer;

()
Pelticr offeer

I 18 4 reversible process

Joule heating effect -
It is an Irreversible process S
It takes place only al the junclions It takes place throughout the conductar |
Heat is either evolved or absorbed Heal is only evolved |
[ Twor diferenl matermls are required in it | Single matenal is sufficient for n |

(b) Let Ry is the resistance of the wire at 0°C
then the resistance at 307°C i8 Ry=Rqi | +a= 30)

here B= 1002
the value ol wis 4210 "¢ (given)
o T R 10 o

A+42210 "<30) (1+42<10 " +30)
soresistance ot 1000C= Ry 1+a™ 1009999 (1 + 42«10 ™ « 100 y= 10000 ohm

= (n) State clearly the balanced condition of 3 Wheatstone Bridge. A circuit
dingram with explanation of all the symbols is essential.
[WESCTE 2006, 2011, 2012, 2013)

OR,
Drruw a circuit disgram for a Wheatstone bridge. For a Wheatstone bridge, use
Kirchhof™s laws to obuain its halance eondition. [WBSCTE 2027)
POLF-AP
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(h} A galvaimometer of resistance SO ohm given full seale deflection when a
current of S00u4 passes through it How can this are converted to — (i) a
voltmeter reading upto 10V (i) an ammeter reading up to 1 ampere, Cirevit
diggram lor both is essential, [WBSCTE 2011)
Answer:
(8) Wheat sivme bridge is an eleatrical circui In wheat-stane bridge four resistances R,
R, R and R, are connected end to end with each other to form a closed loap. A sensitive
gulvanameter "G7 i4 connected between their junctions as shown. The circuit is provided
with two keve "K" and "K+
Generally wheat-sione bridge is used 1o determine imknown resistances,

. S 1]

ey L

Whesstne b udps

Balanced Yheai-Stone Bridge

When "Ky'is connected, no current passes through the galvanometer becaise K- is
disconnected. When ‘K" and ‘Ks" are comnected and no current flows through the
galvanometer, the condition of bridee is called "Balanced condition”. It Is passible only
when the potential difference between the terminals of galvanometer is zeéro or potential
of point 'B° = potentis| of paint "D i.e.

ll", - F.'. =il

or.V, =¥,

(b) i) When a galvanometer is converted info a vollmeter, 3 high resistance (R) is io be
added in series.

i -
Maximum current through the galvanometer~= S00pA = ﬂ:
00005 4, St
< 00005(R+5) =10 '

&
or, #+50=—10 =20,000 MY

L0005

or. R = 199500

i) To conven galvanometer into an ummeter & low resistance
shunt (s} is 10 be introduced parallel 1o the galvanometer

As maximum current through the galvanometar

= S00pA = 0.0005A

ey f——
(VMY

VIH AP
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*eurrent through shunt (s) = 1 —0.0005 = (L99G5A

Since potential difference across galvanometer and shunt sume.
- 089958 = (.0005 « 50 .

5= 0.0250

o Shunt resistance of TLO2ZSCY s 10 be inserted

os (a) Define specific resistance of a material. Obtain its 51 unit.
[WBSCTE 2007, 2008, 2012]

(b) Write down the relation between resistance of a copductor and temperature.
Define temperature coellicient of resistance. Under what condition  the

resistance of conductor may be zero? What is it called then?
2008, 2014)

Answer:
{a) Refer ta Chaprer at a Glance 4.2,

{b) The relation between the lemp&‘-ﬂure and the resistance is. & = K.l +af)

where R, is the resistance at U'C and Ry is the resistance at 0°c and o is the temperature of
resistance,

Temperature coefficient of resistance: It is the fractional increase in resisiance per
degree centigrade rise in temperatare. Unit of it is per degree centigrade.

If the temperature coefficiem of resistance is negative quantity then at a specific
temperature the resistance of the material will be zero, at that temperature the marenal
will not show any resestance (o the current flow then it 1s ealled super conductrvity

= 6. An clectric kettle is rated 1| KW, 220V. Using this Kettle, 20 minutes will be
required to heat 2 kg of water from 25°C to 1W0PC. What pereentage of heat
developed is utilized for heating water. [WESCTE 2008, 2008)

Answer:

Heal energy required to hem 2kg of water from 25°C 10 100°C is = 2 » (100-25) « 4200 =

630K

Power supplied (o the kettle in 20 minutes = 20560 1000= 1200K)

y . : g 630
So the percentage of heat developed is utilized for heating water = 500" 100 = 52.5%
20

= 7. Explain Secback effect and Peltier effect.
Answer:
See back effect: Refer to Chapier at a Glance 4.3,

WBSCTE 2008, 2011, 2012]

The Peltier effect: Refer to Chapter ar a Glunce 4.4.
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S 8 (a) A heating element of  boiler rated st 220V gives of S80 KJ of heat is 10
minutes. What is the resistance of the element?
{b) Show that the resistance of a wire of a particular material and given volume
will depend inversely as the square of the cross-sectional area of the wire. !
[WBSCTE 2012]
Answer:
a) Time = 1fminutes = Il = 60 = 600seconds.
Amount of heat transfer = 330k = 380000
Sa power = 3300001600 = 9a7W
Let the resistance |s r.
So. (2200°/r = 967
or. T=(220Y/267 = 50 ohm
%o the resistance of the element is S0ohm.

b) Assume, the length of wire =/
Radius of wire = r
Velume of wire = me'l
Area of wire= nr’
Accarding o, specific resistance

p= RxL=FL f, =R-'E:,-—r.=R.,r IE |Voleme=Const. |
A o (&)

L= .-:3 [+ R=constant| (Proved).

The above snswer is confusing
Easier and straight approach g - %’. - P

© 9. (a) The ratios between the lengths, diameters and resistivities of two wires are
each equal to 1:2. If the thinner wire has been the resistance 2002, find the

resistance of the other wire. [WBSCTE 2013]
(b) Give two practical applications of thermoelectricity. [WBSCTE 2013]
Answer:

) et the lengths of two wires are [ and [,
Diamaters of two wires are o and of,
Resistivities of two wires are g, and p,
Resistances of two wires are & and R,

! 4,

LR —
v = A fd, J' wel:

a9
| 2

POLE-A
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i, 4l
B Fo d: i}

[d"\n

a| =

2 )

o R By, FE ’f_]f_._[:'L-"r"

R, ad: o4, \plb\d )
i "ll ii.—l

Aguin, it is known, —=-1= X
. g ok ody 2

N
g S =]
LR=R )

& I the resistance of the thinner wire is 2061 then the resistance of the anmher wire is
also 2001, Ans.

b) Thermoelectric generator: Thermo-couples can be used to generate electric power
using Seebeck effect. in remote areas.. This ean be done by heming one junction of a
thermo-couple in a flame and keeping the other junction in air at room temperature.

Thermoeleciric Refrigerator: It is based on the Peltier effect. If a2 current is passed
through a thermo- couple, heat is absorbed (or removed) at one junction and is evolved at
the ether jurction ol the thermo-couple.

= 10, {a) Define Watt-hour. [WESCTE 2014)
(b) An electric bulb is rated 60W at 220V, what is meant by the statement?

Answer:

a) Watt-howr i defined as the enerpy dissipated in a circuit of power | watt in ime |

hoar,

b} A 60 Watl 220V electric bulb means that it will consume 80 Watts when the voltage
across it is 220V, )

In_such & case the cument flowing through it will be givén by I= PV = 60220
=31 LAmperes, And the resistance of the filament will be P/*2= {60 * 220060 220/60) =
B6.67 oluns.

= 1L {a) State Ohm's law, Point out the limitations of this law.  [WBSCTE 2014]
(b) Define reststivity of a material, Obtain is 81 unic IWBSCTE 2014, 2022)
_Answer:
w) Refer ro Chaprer at o Glance 4.1,

by Flectrical resistivity (also known  as resistivity. specific  electrical resistance
or volume resistivity) is an wninnsic property that quantifies how strongly a given
materal opposes the flow of electric current. A low resistivity indicates a mtenial that
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readilv allows the movement of electric charge. Resistivity is commonly represented by
the Greek lenerp (rho). The STunit of electrical resistivity is the ohm-metre (Qm)
although ather units like ohm-centimetre (£3-cm) ar® also in use, As an example, ifal m
= Lom > | msolid cube of material has sheet contacts on two opposite faces, and the
resistance between these contacts is 1 £2, then the resistivity of the material is 1 £m.

< 12. (%) What is super conductivity? [WBSCTE 2015]
() A wire of resistance 42 is bent in the form of a circle. What is the efTective
resistance between the ends of the diameter?

{c) Explain how you can convert s galvanomeler into an Ammeter.

Answer:

u) If the temperature coefficient of resistance is negative quantity then m a specific

emperature the resistance of the material will be zero, at that temperature the mate:al

will not show any reststance to the current Tlow then 1115 called super conductivity.

bi : -
O

1) % i
*. The effective resistance berween the ends of the diameter is == : — =101

¢) To convert galvanometer into an ammeler a low resistance shunt (8) i 10 be introduced
narallel to the palvanometer.

= 13. (a) State Joule's law in current electricity,
{b) Show graphically how the thermo-e.m. . changes with temperature ai the hot
junction keeping the other junction at 0°C. Define neutral temperature and
temperature of inversion, [WBSCTE 2015]
Answer: .
a) According to Joule's law, if & current of | ampere flows through a conductor of
resistance R ohm for 1 second, then the, amount of work required (W.D,) 10 maintain the
current flow will be given &)
W.D. = It joule = VIt joule as B = V/1 = Pt joule as power I = ‘U =
..’.
= — lg,as ]l = =
R joule, as |

. . I f2.
Heat equivalent of this work may be expressed as [f 5

where J is: mechanical equivalem of heat whose value 15 3186 joule/keal = 4200
joulefkeal.

PR
Hence, i =——keal
4200

DL Al

) To study the variation of thermo eml with temperature let us ke Cu - Fe thermo
couple. (dne junction is kep! in dry iee (0°C) and the other in heated sand bath. When the
lemperature of sand is gradually inereased continuously. the thermo-emf changes A
typical eurve showing the variation of thermo em( with temperature (1) is shown in Figure
below. The curve shows that the thermo emf increases with increase of temperature of
hot junction, attains a maximum value at a temperature (14) say, after which it begins tw
decredse and becomes sero at a temperature (1) When the temperature is further
increased. The thermo-emi chanpes direction.

The thermo-gmt of a number of thermo-Couples is found to abey the relarion

| R 5
= grf -:ﬂ';‘ when cold junetion is.at 0°C

—

Thermo emitfe)

L] L

& T p—
Neuteal Temperature and Inversion Temperature

Neutral tenperature: The neutral temperature is the temperature of hot junction st which
the thermo emf is maximum. I is denoted by t,.

Inversion temperature: The inversion temperature is the temperature of hot jumetion at
which thermo em! hecomes zero and reverse the direction. 1t is denoted by L.

11, is temperature of cold junction, then inversion temperature 1, = 21 — L

iftg =0, fhen ;= 2,

S 14 (@) What is superconductivity?
(b} Draw the graph between the resistivity and the temperature for a
superconductor, [WBSCTE 2016]

i Answer:

) Refer to Question No. 12(a) of Long Answer Type Questions.

PoL AP
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b)

Newmal concuctivay

Resmtance (115

Crizcal empesture T,

Mowrrial comRus sty

Superoondycinty

Tempetature (k]

< 15 {a) What is non-ohomic conductar? {sive an example of it.

(b} The resistance of a 20 m¥ voltmeter is [000 ohm. How can vou convert this

voltmeter into an ammeter which can measure up to 2.0 A. Draw the necessary

circuit diagram. [WBSCTE 2017]
Answer: t
{a} Non-Ohmic conductors do not follow Ohme law and kave their own characieristics,
There are a number of examples of non-Ohmic conductors; including bulb Rlaments and
semiconductors: like diodes and ransistors. Let's take the diode A diode provides a near
constant voliage drop even if you vary the current, o it does not follow Ohm's law. The
opposite happens in a light bulb filamem; even as you increase the volage significanly,
it only allows a certain amount of currenl.to pass through

o

{b) Since the inernal resistance of aswiltmeler s much greater than ammeter, for
conversion 10 ammeter we need to decrepse the voltmeter's imemal resistances ty adding
appropriate shum i.e. resistance in parc;;ﬁ'to the meter. To calculoe the shunt reststance.
we need 1o know the resistance of the volimeter. That 15 given 100 olim as resistance

and

Ve=20mV
V. 20x=I0 £
TR L AN AT, Y
R, | (W]
lg =20 A

Cla=li- 1a=20 (20 % 107)= 199998 A

g 5 L]

= .IL = '”_’”"I_ = 0,01 cohm
i, 199998

POLY-A"
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EI,”’.‘ (T8 1 iy B |

: AbraiaM fae|

:: 100 il
E VAN
1008 her [3
N
Pl

= 16, {(a) Define temperature coefficient of resistance of a suhstance. What do you
mean by the term ‘eritical temperature’ in respect to the phenomenon of
superconductvity? g
{b) The resistance of a coil at 30 °C is 15 ohm. If the resistance of the eoil =t
100°C be 18 ohm, calculate the value of the temperature coefficient of resistance
of the coil.

WBSCTE 2018]
Answer:
a) 1" parte Refer to Question No. 3.b) (2" Part) of Long Answer Type
Ouesiions.
2* pari:

Superconductivity is 3 phenomenon of exactly zero electncal resistance and expulsion
of magnetic Nux fields oceurring in certain materials, called superconductors. when
cooled below & charnctenstic eritical temperature.

Resistivity p {artitrary units)

Specific heal o, Garhitrary units)

L
0 |
. - am I,
TS E‘ﬂ,“ 4 rrlhf—i'm}.!

L]

K = conductor resistance at iemperature 1% 100°C) = 1842
R, =conductor resistance at reference temperature (30°C) = 150

@ = Temperature coeiTicient of resistance of the cail

POLY-AP
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s 18=1501+a(100~30) | =15[1 + T0a]
I8

—y——| = T0ex
15

i
=>—=Thr
15

=0,0028 /°C

==

157

< 17, (#) What is Secbeck effect? Write down one importance of Seebeck series.
ib) An electric bulb is rated 60 W atr 220 V, Caleuolate the resistance of the hulh.
If the bulb be connected across & 200 V supply caleulate the current through the

bulb and the electric energy consumed by the bulb in one hour. [WBSCTE 2018]
Answer:

a) Refer 1o Article No. 4.3 of Chapter at a Glance,

b) P=60W, V=220V
y?
P=r
R
i?, (220)
=Rt =806.670

When the bulb is comrects across 200V, the resistance remains the same.
p: o (200)

—— =40 30W
R OR06.67
*. Energy consumed/hour = 49.59W
. P 4959
LCument, f=—= =025 A
(Cumrent, [ =0 el

=18 Briefly state the principle of generation of alternating current and name the

basic components of an AC generators. [WBSCTE 2018]
Prineiple:
AC. penermtors or alternators (as they are usually called) operate on the same
fundamental principles of electromagnetic induction as D.C. penersiors,
Alternating voltage may be gencrated by rotating a coil in the magnetic eld or by
rotating a magnetic field within a stationary coil. The value of the voltage generated
depends on-

* the pumber of tms in the coil,

«  grength of the feld,

*  the speed al which the coil or magnetic lield rotates

PO AP

1
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= 19. Calculate the resistance of a wire of 1.3m long and area of cross-section

0.4mm* whose resistivity is 46 <10 " ohm metre. [WBSCTE 2019]
Answer;

Length of the wire ({) =1.5m
Area of the cross-section (a) = 0.4 mm’

Resistivity () =46 = 10" olim metre

LA

’
Resistance (R) = p—=4d6=10" =1.723=10 " ohm
a

e

0.

< 20, Write the difference between Joule Effect and Peltier Fffect. [WBSCTE 2018]
Answer: Kefer to Questions No, 3a) of Long Answer Type (Questions.

~ 1L () Which one is fundamental-resistance or resistivity? Explain.

WBSCTE 2019]
Answer: Refer to Questions No, 1i(b) of Long Answer Type Questions,

= 21. (b} A source of eml 9 volt and internal resistance 1 ohm is connected to an
external resistunce 8 ohm. Find - (i) current drawn from the souree, (i) lost
voltage, (iii) potential difference between terminals of the source?

§ [WBSCTE 2013]
ANSWEr:
g i X 3 i
/ B l—— ‘
R=E+1=00 L mh j
LAY : ' 1
[} q

() = fR=1«8=8Y

POLT-AP
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(iit) So 9V emi cell actually supplics 8V 10 the external circuit

= 22 A wire of 150 resistance is gradually stretched to double its original length,
It is then cul into two equal parts. These parts are then connected in parallel
across a 3V battery. Find the current drawn from the battery.  [WBSCTE 2022)
Answer:
When a resistor is sirerched to double in original length the new resistance becomes 4
times its original resistance become Rac L
JoMew mesistance =4R =4 » {5=560 102
Resistance of each parni = 3042
ek, =300 &R-=300
When they are connecied in parallel. the effective resistance,
RE _ 30=30 | | | 1

STReR 0em B UR CRR!
"R, =150
’
Lurrﬂtt.l=—v-‘g=ﬂﬁ.ﬁmp
R 13

& 23, What is Carey Foster Bridge? Write down the applications and advantages
of Carey foster Bridge. [Model Question]

Answer:

The bridge circuit that can caleulae medium resistances or can compare and measure the

two large/equal resistance values with small vanations is known as Carey foster bridae. It

is the modified form of Wheatsione's bridge circuit. It is also referred 1o as the method of

small resistances,

Carey Foster Bridge Principle:

The Carey foster bridge princigie is simple and similar to Wheatstone™s hridge working

principle. 1t works on the principle of null detection. That means the ratios of the

resistances will be equal and the galvanomcter records rero where there is no current

flow.

The bridge circuit is balanced when there is no current flow through the galvanometer. At

an unbalanced condition, the current flows through the galvanometer and the reading s

recorded by observing the deflection,

The advantages of Carev foster bridge are:

s  The complexity of the bridge circuit is reduced becavse there is no need for
additional equipment except the slide wire and the resistances.

* [t can be utilized as the meter bridge where the slide wire length can be increased by
connccting resistances in series. Hence the accurpey of the bridge circuit s
increased.

* Construction is simple and ¢asy 1o design.

*  The components used in the circuit are not complex.

PULF-AP
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Applications of Carey Foster Bridge
The applications of Carey foster bridge are:
s It 15 used to calculate the values of medium resistances
It is used to compare the approximate values of equal resistances
It is used to measure the value of the specific resistance of the slide wire. and also
used in light detector corcuits.
# It is used o measure the intensity of light, pressure, or strain. Since it is a modified
form ol Wheatstone™s bridge.

= 24. Write down the definition and its units: (i) Electric currenl, (ii) Resisiance,
(iiiy Specific conductance. [Model Question]

Answer: =

(i) Electric current:

Electric current is the rate of (low of elecirons in a conductor.

The ST unil of electric current is the Ampere.

{ii}) Resistanee:

Resistance is known that the directed movement of electrons constitutes a current flow,

The SI unit of Resistance is Ohm,

{iii) Specilic conduetance:

Specific conductance is the ability of a substance to conduct electricity. It is the

reciprocal of the specific resistance. Conductance means the flow of currem through the

liquid conductor.

Unit of specific conductance = Seimen cm’'

< 25. Write down the properties of electric current. [Model Question]
Answer:

Electric eurrent is a significant quantity in ¢lectronic circuits: The different properties of
the ¢lectric current are:

i) The electric current is the result of the flow of clectrons. A wire i3 «aid to convey a
gurrent of ane ampere when the charge moves through it at the rate of one coulomb each
second, !

it} At the point when an electrical potential distinction is applied across the metallic wire,
the approximately appended free eléctrons begin moving towards the positive terminal of
the cell appearing in the lgure bencath. This consistent progression of electrons
comprises the electrical Now. The progression of flows in the wire is from the negative
terminnl of the ¢ell 1o the positive terminal through the outside circuit

i) As per the ¢lecron hypothesis, when the potential cBntrast is applied seross the
trunsmitier some makter moves through the cireuit which establishes the electric Mow

POLT-AP



Chapter 5: Electromagnetism ”

Chapter at a glance:

5.1 Magnetic Flux
The magnetic flux (often denoted & or @) through a surface is the component of the B
field passing through that surface. The S| umt of magnetic flux is the weber { Wh)

5.2 Magnetic Flux Density
Maenetic Mux density at any point in 2 magoetic field is the magnetic flux linked with an
imaginary unit area drawn about that poirt perpendicular to the field,

5.3 Biot-Savart's Law
{} The magnitude dB of the magnzic field 48 s 1
proportional to the current i and 1o the length dl of the ti
) e o
elemendl . i ep
i) dB isinversely pq'ummmnai 10 the square of the distance "--~-----J~-=-‘
r of the point P fram d ap
iil) The direction of 4B is perpendicular to the plane '
{JJ'.-.-'I Fig:

contaiming i and r e, along
d; . f

Thus in vector notation, dBex i

5.3.1 Magnetic Field for Infinitely Long Straight Current Conductor
H=12x Alm’
Where | is the current through the wire,

WMMM

H =— Afm’

Where [ is the current through the wire, N is the number of turn, and r is radius of the
coil

mmn.:wmmJy

N NI
Hz—x2="2" AJ
ET) |' v

Where | is the current through the wire, N 15 the number of tum, and 1 s the length of the
solenuid,

Electromagnalism AP.T9
5.3.4 Force on a Current Carrying Conductor Placed in & Magnetic Fiald
Feid div8

Where F s the force. [ is the currear through the conductar £ is the magnetic field
and [ is the length of the conductor,

5.4 lication of a t of el ic  current
Galvanometer

A galvanometeris a type of sensitive ammeter: [t is an instrument for detecting electinic
current. Here a pointer deflects in response 1o electric current flowing through its coil m
a magnetic (ield. By noticing the deflection, we can measure the current.

5.4.1 Motional e.m.f
[t iy the e;m.f produced in a conductor due to the motion of a conductor

AA=tAx

® RE®R ®, YR ®
E ——2 Jr 5

®m | ® ® & K||® ®
BEE B @ xR %
® | ® ® ® x| ®
o0 X B XX ®
L
I Incroasing

®» g se e
o

i o
Leni's
law

Applwal % = = L
H

=
0 ] & &
*

® w ® ® ®

{H 1]_ 10 B ivedent ¢ agut

thi
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- - . . L '
A motional emf= Bl is induced between the mils when this rod moves o the right in
the unifarm magnetic ficld, The magnetic ficld B is imo the page, perpendicular to the
moving rod and rails and, hence, 1o the area enclosed by them,

5. ng' ht Han | ! r
An electric curreny passes through a straight wire. Here, the
thumb poims in the direction of the conventional current

{from positive 1o negative), and the finpers point in the @- g
direction of the magnetic lines of flux. —
A

5.5 Law's of Electromagnetic Induction :
1" Law: Whenever there is a change in the magnetic flux linked with loop (or coil), an
instantaneous e.m.fis induced in it

2"! Law: The magnitude of the e.m.f induced in the loop (or ceil) is proportional to the
tme rate of chanpe of the magnetic flux linked with it

3 Law: The induced current is always in such a direction that it opposes the action that
produced it

5.6 Lenz's Law
The induced current is always in such a direction that it opposes the action that produced
it

5.7 Electrical Generator

An Electrical Generator is a device that produces an Electromotive Force {emif) by
changing the number of Magnetic Flux Lines (Lines of Force), O, passing through a Wire
Coil. Figure is one type of Generators, When the Cail is rotated between the Poles of the
Magnet by cranking the handle, an AC Viohage Waveform is produced.

Fig.: Electneal Genermor

Operation principle of a Generator is based on Electromagnetic Induction, which is
d

defined by Faraday's Law, which states: £, = -a'o.'T"'
dll

PoLr-dF
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Seifin i

Sell induction is that phenomenan in which a change in electric current in a coil produces
an induced emfin the coil itsell

Self induced emfin acoil is dircetly proportional 1o the rate of change of elecine currem
i the coil,

A A

it e == L5

emyf o = or, e “r

Where, L = self inductance of the col.
Itis denoted by *L" and it depends upon the physical characteristics of the coil

Unit of self inductance is Henry.

5.9 Mutual Induction

When an emf{ is introduced in a coil because of the change in the current in a coupled
cail, the effect is called mutual inductance. The emfis described by Faraday's law and it's
direction is abways opposed the change in the magnetic field produced in it by the
coupled coil. The induced emf in coil 1 15 due to self inductance L

. —

AAAAAR g

| T"_,&_, HIRER
U T
| s8]

LT L
_.|._ o AAMS
- :_.1'
_prn_i | 1
Opening crrcud Induved voltaie

carreri decreaning  oppanes decrease 0 B

The induced emf in coil 2 caused by the change in current |, can be expressed as
Emf,=- .\.’..-IE == M A5
ulj T}
The mutual inductance M can be defined as the proportionality berween the emf
generated in eoil 2 1o the change in current in coil 1 which produced i
In 8.0 at's unit is Henry

POLT-AF
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( Short Answer Type Questions )

A. Choose the correct answer from the given alternatives in each of the

following:

L. If a conductor moves a magnetic field. the direction of induced E.M.F 15 obtained
from - [WBSCTE 2006, 2007, 2012, 2022]
fa) Laplace's law (b} Fleming's lefl hand rule
(€1 Fleming's right hand rule (dY none of these

Answer: (b)

1. The induced em.f ina conductor is — ' [WBSCTE 2013]

(a) directly proportional to the mate of change of Nux
(b} inversely proportional o the rate of chanpe of flux
(g} directly proportional w the total flux associated with the conductor
(d}) none of these
Answer: {a)

3. When the curremt in 2 solenoid changes from BA 1o 2A in 3210 ", the emf induced

im the coil s 2V. The self inductance of the coil in millinery 5 [WBSCTE 2014)
(a) 1 (B} 3 (c)20 id) 10
Answer: (d)
4. Lenz's Law 1s hased on which conservation law? [WBSCTE 2015)
{a) Charge (b} mass (&) momentum (d) energy
Answer: {(d) »
5. The magnetic field stany point dug to an infinitely long straight current carrying wire
is directly proportional ta - [WHSCTE 2015]
(a) distance of the point from thy wire
(b} diameter of the wire
() resistance of the wire
id) the magnitude of the current in the wire
Answer: (d)
6. Lens's law 15 a conseguence ol — [WBSCTE 2016]

fh) Conservation ol angular memenum
(d) Conservation of mass

(a) Conservation of linear momentum
(c) Conservation of energy
Answer: (¢)

LA

Electromagnetism AP B3
7. A conducior moves in a magnetc field, The direction of the mduced em.f. =
abtained from [WBSCTE 2018]

{a) Laplace’s law
{c) Fleming’s right hand rule
Answer: (b)

(b] Fleming’'s left hand rule
{d] Nene of these

8. The 5.1 unit of magnetic flux density {5 - [WBSCTE 2016, 2017]
{a) Am"' (b} Oersted (¢} Gauss (d) Tesla
Answer: (d)

9. Magnetic fleld due to 4 long straight current carrving conductor is-.  [WEBSCTE 2018]

L, )2 U (a5 )2

m}[i]—Jr rbl[ﬂ'u (o | £ |2
vdz ) T

{d) None of these
dr s \2x) T

Answer: (a)

10. A straight conduetor of length 50 em is placed in 2 uniform magnetic fieldof | 5T
with its length parallel to the direction of the ficld If the current through the
canductor be | 0OA, the force on the conductaor is - [WBSCTE 20M7)
(a) 0.75N {b) 7.5 (e} 75.0M (d) zero.

Answer: (a)

1L An air-Tilled very lopg solenoid, of length L and total munber of tume N i< camrying a
current 1. The magnetic Held well inside the solenod is (p = permeability of ar)
[WBSCTE 2018]
{a) R = g N1
(€) B=(py NIV L
Answer: ()

lb]n"p‘,\'ll.
() B={j L N

12. The 81 unit of self- inductanee is Henry which can also be expressed as -

[WBSCTE 2018]

{a)volts amp (b) volt s amp'
(chvolts ' amp' () volt s amp

Answer: (b)

1Y Al inversion lemperature thermoelectric EMF will be [WBSCTE 2019)
fad maximum (b infinite {e)zero d

Amswer: (b)

14, Lene's law is based on which conservation law? [WBSCTE 2014]
(u) Charge (b) Muss (&) Momenum {d) Energy

Answer: (a)

POLI-AP
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15, The seli-inductance of a straight wire is [WBSCTE 2018]
{a)7em (bl infimity (Chvery high (d) very low

Answer: (3)

16, A moving charge produces [WBSCTE 2022]
(@) an elecrric field only
{b) & magnetic field only
{e} both electric und magnetic field
{d) either electronic field or magnetic field

Answer: {c)

17. The SI unit magnetic flux is [WBSCTE 2022
{a) weber (b) gauss () oersted (d) none of these

Answer: (a)

18. The induced emf in a | millihenry inductor in which the current changes from

SAt03A I 107 is [WBSCTE 2022)
(a) 2<107°V () &= 107"V (c) 2V (d) 8V
Answer: (c)

19. A source of emf 2 volt sends 0.2 amp current to an external circuit for 5s. The

energy used by the source is WBSCTE 2022]
(a) 0.2 joule th) 0.4 joule ic) 4.0 joule (d) 2.0 joule
Answer: (¢)
20, The integral i"un;l of Biot-Savart's Law is — [Model Question]
a g pdiUfxd) oy o fo gLl =i
“'H_Ej e MJ. rt
py pldl ar & gt (1
f:} B= _,11' j;— {d) e !-
Answer: (b)
21. The divergence of a magnetic flux density is — [Model Question]
taj i (hy! {c)-1 {d) none of these
Answer: (8]

Ly hich is at rest in a magnetic field A is equal |o-
22. The force on a charge g which is un e

i
Answer: (h)

= FO gAY
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B. Fillin the blanks in the fallowing statements:
23. 51 unit of magnetic Mux is tesfz. { Am ' (Tesla) (WBSCTE 2011]

4. The unit of specific resistance in 5.0 is ol —m Mode! Question]

( Long Answer Type Questions J

2 1. State Lenz's law [WBSCTE 2005, 2006, 2007]
Answer: Refer to Chapter af a Glance 3.6,
= 1. {a) State and explain Biot — Savart law for the determination of the magnetic

field due to a current element. [WBSCTE 2009, 2013, 2014]
{(b) Explain — (i) magnetic flux, (if) magnetic flux density. State the respective

units in SL [WBSCTE 20049, 2012, 2014]
(&) State Faraday's laws of electromagnetic induction. Whart is Lenz’s law?
[WEBSCTE 2009, 2012
Answer:

(a) Refer to Chapter ar a Glance 5.3.
(h) Refer to Chapter at a Glance 5.2,
(v} Refer to Chapier ut @ Glanee 5.5 and 5.6

= A (u) Define sel-inductance.
ib) Write down the expression for magnetic field at the centre of a circular coil

current conductor. [WBSCTE 2013)
AnSwer:

{a) Self - inductance s the inherent inductance of a circull. given by the ratio of the
eleciromotive force produced in the cireuit 1o the rate of change of current producing it h
1s usually expressed in heories: Symbol [ alser called coefficiem of self-induction
Consider o singl¢ conducting, circuit wound which a current| s flowing This current
generates a magnetic Neld B which gives nise to a magretic Tux @ hinking the crrewmt
We expect the Muxd 10 be directly propomonal 1o the current [, 2iven the linear nature
of the laws of magneto-statics, and the definition of magnetic fluy

Thus, we can write =[], where the constam of proportionatity [ 14 called the i
ncictamce of the aircwt, 11 s measured inunts of hennes.

(h) The expression tor the magnelic Geld & the centre of o circular coil current conductor
1%, ]

il
e

Where pgis 1he absolute permeability of free space

'K
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1 i€ the number of turns in the coil.
{ls the amoun: ol current carrving by the conduclor.
r is the radius of conducior coil.

= 4. (u) What are self & mutual inductances? Write their SI units.

1

APPLIED PHYSICS -1

Electromagnetism
Step o;

AP.8T

As the cail continues 1o tum, the voltage and current induced decrease until they reach

zero, where the coil is again in the horizontal position (Figure 2, 1807)

Step 3:

In the wther half revolution, an equal voltage s produced except that the polarty is

(b) State and eaplain the principle of generation of AC, Whal are rms and
averapge vilue of an alternating emi? [WBECTE 2014]
Answer:
(a) Refer to Chapier at a Glance 5.8 and 3.9,

(b} The elementary AC generator (Fieure 1) consists of & conductor or loop of wire in a
magnetic feld that is produced by an electromagnet The two ends of the loop are
connected to slip Aings. and they are in contact with two brushes. When the loop ruiates 7t
cuts magnetic lines of force, first in ope direction and thenthe other.

Dhrechon of Ruwstion

Development of a Sine-Wave Output

Step I: &

At the instant the loop is in the vertical position (Figure 2. 07). the coil sides are moving
parallel to the field and do not cut magnetic lines of force, In this instant, there is no
voltage induced in the loop. ' .

Step 2:

.?\:P the coil rotates in a coumer-clockwise direction, the coil sides will cin the magnenic
lines of force in opposite direction. The direction of the induced volages depends on the
direction of movement of the coil. The potential drop across resistor R will cause &
current to flow through it

Step 3:

The voltage and hence current comtinues (o increase until it reaches o maximum value
when the coil is perpendicular to the magnetic lines of farce (Figure 2, 90°) and is cutting
the griztest number of magnetic lings of force

N e
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Fig: 2 Developing a Sine-Wave Voltage

T

y I ?
f';., = ; f 1, sin e (o )

v
= —B{0=1=1)

| .
=—(-V_cosan)
&

a
- ZF, = 0637,

T

Similarly, 7, = -l—I. losmatd (wt)= 06371
o

[T e
l‘\/E[ :ﬂm”--;i: cos 2intd (et

R Ji;f Fosin ad{en) = ) Jﬁf (l-cos2an) d (an)

teversed (Figure 2, 270°, 360°), The current flow through R is in the oppasite direction.

I'he periodic reversal of polarity results in the generation of a voltage. as shown in Figure
2. The rotation of the coil through 360° results in an AC sine wave output.
Average Value
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= Iljll' - RI—_[mnEruILT

=¥, i2=02077,
Simlarly,

TE =
[ =‘HIIE£ [ “sin® wird(er) = 0.707 1,

= 5.{(2) What is the magnitude of foree on a current earrving conductor placed in
a magnetic feld?
{b) State Fleming's left hand rule
{c) The magnetic Mux linked with a coil 15 varving according to the relation
g =deos(1 0077}, where @ & ¢ measured in Weber and second respectively. Find

the expression for induced alternating veltage in the coil. Also calculate the

frequency of the alternating voltage. [WBSCTE 2015]
Answer:
a) The magnetic field of induction &# at any pomnt P, al a distance ¢ from the elementary
length of current camying wire is. dB = o I szn'
I
In veetor notation. dBe r’mr i '
2
11
- P iuiiy It -
oy 5P
- .-‘ ,,,,, - -
. ap f

b) Fleming’s Left Hand Rule may be stated as -
If the forefinger. the middle finger and the thumb of the |eft hand are stretched mutually
at right angles to one another such that the forefinger points in the direction of the

magretic field {}J} and the middle finger in the dircction of the current (1) then the
thumb will point in the direction of the force (F) on the conductor

Thumb

Fafe finger

AL AP
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) Induced Allernating valtage
e=- Z—‘: =40 sin (10041

come= 10
or. 3xi f =100x

|
. Frequeney () = _T =50 H=

= 6. () State Faraday’s law of electromagnetic induction. [WBSCTE 2015
(b) Why i5 220 volt A.C more dangerous than 220 D.C.7
{c) A plass rod of length I moves with velocity V perpendicular to a uniform
magnetic field B. What is the induced e.m.L. in the rod?

Answer:

n) 1" Law: Whenever there is & chanpe in the magnetic flux linked with loop (or coil), an

instantaneous e.m.fis induced in it

2™ Law: The magnitude of the e.m.[ induced in the loop (or coil) 1s proporiional o the

time rate of change of the magnetic flux linked with it

b) The voltage of domestic alternating current supply is 220 volt. As alternating current
melers read rool mean square values; that is rool mean square value of domestic
alternating current supply is 220 volt. Therefore peak value of voltage.
V, =42V, =1414x220=311 volt

As alternating voltage is V =¥, sinar and sinf varies with ime having values between
+1 antl —1: therefore the voliage of domestic a.c supply vanes between ~311 V 1o =311
¥ while the voltage of 220 volt direct current (do) supply remains 230 voli. That is why
a 2120 V a.c. is more dangerous than a 220 V .d..

¢) I MUF is produced at the ends of a moving conductor in a magnetic field.

The potential differance between the ends of a conductor of fength | moving in a umiform
magnetic field B perpendiculor (o the plane aof paper inwards with a velocity v 1s given
hy-V = vBL

If v is in mfsec and B is in weber/m® (or newion‘ampere-metre} and L s in metre then
e fwill be in volts:

If 8 is the angle between the velocity v of the conductor and the magnetic field B then
e induced between its ends will be, ¥V = vBL sin 8

POL AP
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= 7. {a) We do not experience anv electrostatic field neir a current carrying
conductor inspite of flow of huge number of electrons through it. Explain in
brief.
(b) What is the work done by the magnetic field on moving charge?

[WBSCTE 2018]
Answer:

a) If we consider a current carryving conductor, every instant an electron enters the
conductor another electron will be leaving the condugior. This eurrent carrying conductor
will not be charged. It wbuld not have any met positive and negative charge. We know
that. a dipale has zero net charge but is does have electric Meld around 1. So. if net charge
is zero, then it doesn’t mean there is no eleciric field, So that we do nol experienice any
electrostatic field near a current carrving conductor,

b) If we place 8 moying charge in the magnetic field then work done will be
dw=Ff = F dscosd

= 4 (a) State Biot-Savart’s law for the magnete feld due 1o a small l.'lll':;'rnl '

element.
() Write down the expression for the magnetic feld developed inside a long
solenoid carrving a currenl.
(c) Which rule gives the direction of the force on a current carrying conductor
when placed in & magnetic field? State it. [WBSCTE 2017]
Answer;
(a) Refer to Chapter at a Glance 5.5.

{b) Let, a Iung solenoid of 0 wms per unit length carnes a current L 5o, the magnetic
field generated inside the solenaid is uniform and 15 expressed as:

B= #ynl

- AT
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(<) Fleming's lefi-hand rule gives the direction of the force on a current carrying
conductor when placed in a magnetic field.

2nd part: Refer to Long Answer Tipe Question No. 5rb).

=1} {a) State the laws of electromagnetic induction,
(h) Define coefficient of mutual inductince of a pair of coils. Write down its 81
unit. [WESCTE 2017]
Answer:

(n) Refer to Chapter ar ¢ Glance 5.5,

(h) The eoefTicient of mutual induction of two coils is defined as the emf induced in one
coil when the rate of change of current through the other coil is tnity
The 5.1, unit of coefficient of mutval inductance is Henry.

< 10. (a} Two long parallel conductors carrving currents in the same direction(like

currenis) attract cach other-explamm.

ib) Lenz's law in electromagnetic induction 18 consistent with the principle of

conservation of energy —explain.

() Define self-inductance of a coil in terms of magnetic fMlux.

[WBSCTE 2018

Answer:
a) Once the magnetic field has been calculated, the magnelic force expression can be
used to caleutale the force. The divection is obmined from the right hand rule. Note
thit Iwo wires carrving current in the same direction attract each other, and they
repel il the currents are opposite in direction,

Mugnenc ficld at wire 2 from
current in wire |
T
ot

axr

Force on a length A of wire 2

lewtie I
el ; .I" = f_._\.Lﬁ
= Force per unit fength an terms ot
the curnents
Foodl.
Al 2ar

POLT iR
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ib) Refer 1o Question No. i of Long Answer Type Questions.
() Refer to Question No. 3.a) of Lang Answer Type Questions,

= 11. State F]eltiing'ﬁ right hand rule. [WBSCTE 2018]
Answer:

Refer to Question No. 3.5) of Long Answer Type Questions.

-

~ 12. (a) Smrte Lenz's law. Show that this law is accordance with the law of
conservation of coergy. [WBSCTE 2019]
Answer:

1" Part: Refer to Article No. 5.6 of Chapter at a Glance.

2" Part:
The energy is converted into electrical energy and then dissipated % heat in the loop by
jouie heating produced by the induced curremt.

= 12. (b) Why magnetic field do not apply force on a static charge? [WBSCTE 2019]
Answer:

The force on an electric charge moving in a magnetic field is given by Lorentz force
F=gVxB_ where V' isthe velocity of the charge and 8 is the magnetic induction field,
The force is zero if 17 = 0. There 15 no force on a static charge due to magnetic induction.
A static charge gives nse to only electrostatic field

= 13. Define mutual inductance. Write down its SI unit. [WBSCTE 2018]
Answer:
Refer to Article Na. 5.9 of Chapter at a Glance.

< 14. State Biot-Savart's law related 1o the production of magnetic field due 10 a
small current element. [WBSCTE 2019]

Answer:

Refer 1o Article No. 5.3 of Chapter at a Glance.

=1 (a) State Biot-Savart's law in vector from expressing the magnetic field due
to an element carrying current at a distance from the element. A circular eoil of
radius R current L. Derive the expression for the magnetic field due to this col
al its centre. What is the effect of increasing the number of turns on magnetic
field produced to a circular coil?
(b} State the Faraday's law of electromagnetic induction.
{c) A galvanometer of resistance 5062 gives Tull scale deflection when a current
of 500 g2 passes through it 11 is to be converted into u voltmeter reading up to

® g inl.

10V. Explain how this can be done? Circuit diagram is cssenlin —

PO i
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Answer:
(a) 1" Partz Refer to Question No. 2.a) of Long Answer Type Questions.

2" Part:
The expression for the magnetic field at the cenre of a circular coll current conductor is,
Be Hghl
2R
Where pq 15 the absolute permueability of free space
is the number of turns in the circular ceil,
L is the amount of eurrent carrying by the conductor.
R s the radius of circular coil.

3rd Part: )
By increasing the number of wms in the coil, the strength of the magnetic field ipcreases

(b) Refer 1o Question No. 6.a) of Long Answer Type Questions.

(¢} Galvanameter resistance s 50 0
and full scale deflection current = 500 A = 500 = 10 Amp.
Volumeter reading = 10 volt,

- Resisance of galvanometer, R = i
Duale

10
SM=10° -
= 20,000 £2

. Additional resistance in series required 15, R = R - R
= 20,000 -50 = 19950 (2

= 16. The power expanded in a resistance of 20 ohm connected (o a dynamo is 2
KW. On changing the resistance (o 42 ochm, the power expanded becomes 105
KW. Determine the EMF of the dynamo and its internal resistance. Circunil
diagram is esseniial, [Mode! Question]

Answer:

We know, power = P = EJ = PR

Again, E=I{R+r)

v

o

A

=

TP LJ— ] M Iuh-:rc, E = FMF, r = lnternal Resmauct]
R+r

FLETI R 1
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1" case:
Yxlh' = — £ - x20
(204 r)
2=10
an
ot 100(20 /) = £ [Here R =2001]
or. £=200+10r
or. £~ 10r = 200........{1)

or. (30+r) =

=

2™ case:
=1
1.0510° == - <42
(424
LS 10
ar, ———————
42
o, 25(41+ /) =E* [ Here, & =420]
or E-5r=210.........{2)

By solving equation (1) and (2], we et
L=2200

(245 =£°

2174 straight segment of wire of 0.002 m carries a current of 4 A. Caleulate the
magnitude of the magnetic field of induction produced by it ai a distance of 1.6

m in a direction perpendicular to itself. [Model Question]
Answer:

The law of Biot-Savarl states that, we can find the magnetic field of induction o8 ot any
point [, at a distance r from the élementary length of current carryving wire is,

-:f3=i"‘dh:na
4 r
Here, - f=00"
x ' 2
HJ'B:F-.] J!d.f___'“-'f 10 ‘-IrU.UCL.

iz’ 4x [1‘.-5]"
=3.128=10"T

dﬂri.’m’s]’nﬂ g=90°

4 1
4 107 2
dp=t gy dnx10 4x0002 4 135,101
drxr dn I:I.b]'

ML =-A
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= 18, A horizontal overhead power line earries @ current of 60 A in eust to west
direction. What is the magnitude of the magnetic feld of induction due to the

current at a point 1.2 m helow the line? [Modet Question]
Answer;
Magnetic field 4t any point due ta current flowing through an infinitely long conductor is.
f 2
dwr’

Here curtent f=60A, r=12m
2 2
H:ﬁh—'!:lﬂ"xhxﬁn

arr 1.2

=]x 10T

219 A straight wire carries a current of 4 A, Find the magpitude and the
direction of magnetie ficld of induction at a point 12 cm away from the wire.
[Model Question]
Answer;
Here, [=4A. r=12em=0.12m
g, 20107 x2x4
azr 012
The direction , of magpetic feld of induction will be
perpendicular to the plane of paper and in inward direction.

Henee, J= —G.6Tx10°T

= 20, Calculate the magnetic field of induction due to long wire carrving a current
of 10 A at a distance of 5 em from it Model Question]
Answer;

Here, radius, r=5cm=005m =104, g, =47x10" Hb4 "m
Here, from Ampere's law, :fﬁ-:ﬂ_: .l
o, Befdl = !
or, 82ar = u,l
de10" =10
2w 0.05

o, M =4 10T

< 21, Caleulate the foree per unit length on & straight wire carrving current 3 A
due to another long parallel wire with current 4 A at a separation of 0.3 m. Find
also the nature of force for antiparallel direction of current through these wires.

' [Model Question]

Answer:

Here, [ =3A, 1 =4A, r=03m

50, the foree per unit length acting on the wire carrying a curment 3 A will be,

. w0 "x1nd
potally 49310 xIed o 0N
T arwll

POLF-AF
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T'he foree will be repulsive for antiparallel current.

= 21 A short conductor with length 5 em is placed parallel to a conductor of
length 1.5 m. Both of them carry a current of 3 A and 2 A respectively in the
same direction. Find the nature and magmtude of the foree experienced by the
long conductor for their separation of 3 em. [Model Question)

Answer:

Since, the two conductors carry currenls i the same direction, so the resultant force will

be attractive.

Here, current through the short conductor /, =3 A

Its length { =5em=0.03m.
Hence, the magnetic field produced by shon conductor at a distance of 0.03 m i,
Bl,u,_.f, _Amxio '13:
2xr 2a x0.03
S0, the force experienced by the bong conductor will be,

F=814,=2x10"x2x1.5=6x10"N
where /,=2Aand /. =15m

2%107° Whrm™

S 23.(a) Find magnetic field at 2 point (1,1, 1} if vector potential at that position is

A=(10x + ' =27} j. [Mcdel Question]
Answer:
i J k
3 - = . £
i, 19 L.a = Sloais 20k
& o (74
0 (Mx'=)'-2") 0

{b) A very long cylinder of radius a carries current J, which is uniformly distributed
aver the crosssection of the cvlinder. IT the current flows along the axis of the
evlinder then find out the electric field in the conductor, the magnetic field just
outside the conductor and the Poynting vector at the surface of the cylinder. You

may assume that the conductivity of the material is 7. [Model Question]
Answer: . =
Using ampere’s circuital law we have the magnetic field fI s
b Y
'.‘j.l‘f,d! =]— [MIrr=1] -pH-_--La.I ro=u figld s =— -¢¢ and .
Zrr 2rra w

tl.ifa:tion of the field be 1angential to the surface. We know eleciric ficld
and current densily is related with J = @£ . (et the direction be along 2
axis as shown)

As pointing vector isS = Ex H . So on substituting £ and # we have

POLY- AP

; . - ;
& =l —n where it is perpendicular to electric and magnetic ficld and acting imward
laa

to the canductor as shown,

(c) Caleulate the magnetic field at the centre of a circular lamp carrying current [,
[Model Cuestian]

Answer:

Let us consider the center of the current carrying loup of radius o be at the origin and its

axis be‘along the v direction as shown in the figure. According 1o Biot-Savant law the

magnetic field at the point 2 due to element of current of will be JB = 22 J “I
LY S o

Al the point P the magnetic field vectors are resolved mito honzontal snd vertical
components us shown.

d

Perpendicular components on hoth 'sides of the cireular |loop will be cancelled and
honzontal components will be added up for two halves of the loop. So net honzontal
component

Idi g . &
dB - 2dBsinG =2k =L —ginfas v =x" +a’.
4

% i
As sing =2 - ﬂl =
Fooxm a )y
dﬂ'-_‘!.i".'i. It
e
ar (" +a" Yy
= -5 :
-+ F= ldﬁ"-:# Iu‘l iﬁ alcentre x=0
(" +a™) ; 'l"’kf:rd:l':
-
g2l

a4 Qu
I there are n number of tums of conducting wire in the lamp the net magnetic Tield o the

centre will be |8 “':"-‘l"
ald

YL - A



m: APPLIED PHYSICS -1 AP.98

& 4. (a) Write Lorentz force cquaution and explain the symbols used.

(b} Deduce an expression of the foree experienced by a current clement Maced in
a magnetic feld. ' [Model Question
Answer:” ;

ta] I in a region both electric field £ and magnetic field 8 are present, then a moving
' - =~ " !

charge ¢ experiences a foree given by F = gF < g(v < B)

This force is known as Lorentz force, S0, Lorentz force has W components

(b) Let us consider a current element placed in & magnetic field B. IF v

d : be the veloci
of the charge carriers moving along the wire. then force 4

B : on each charge earrier is
giv« B). Let o be the number of charge carricrs per unit valume and if § be the cross
sectional area of the conductor. then the Lol number af charge eamiers in ap 1.’|:E!I'.I1:t'll'd!
erurrent element of length @f of the said conductor is n S _

So the wtal magnetic force on the element o is dF = nuSelly(v x B) = I {a‘f * j'.';‘] where
I = nSvy .

Case 1: For finile length of the conductor . the above force will be dF = 1 J(:ﬂ_ % ﬂ}

Case 2; | Bis perpendicular to | the above equation reduces todF = KilB

Case 3: For o closed loop dFf = I.jeﬂ' «B=0 { -'_jc-'.'_ =0
z )

< s Explain the types of magnetic materials. [Model Question)
Answer;

There are three major kinds of magnetic behaviour:

i) Diamagnetic materials: ,

'l hese materials are barely magnetized when placed in magnetic field, Mognetic dipoles
in these substances tend to align in opposition 1 (he applied field. In cffect, they produce

an internal magnetic field that opposes the applied field and the subs
. IRER » substance tends o repel
the external field around it =

Example: Gold. water, mercury and even animals,

i) Faramugnetic materials:

In these materials the magnetic dipoles in the Magnetic Materials (end 1o ulign along the
applied magnetic field and thus reinfarcing the applied magnetie field. Such substonces
are nil_rucm-d by a magnet iT it applics a sufficiently strong feld, It must be noted that such
matenals are still feeble magnetized and the magnetization disappears ne <000 as the
exiernal ﬁctld is removed. The magnetization (M) of such materials was discovered by
Madam Curie and is dependent on thie external magnetic field (B) and temperature T as;

TR

1
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. e :
M= = | Where C = Cune constant |
Example: Liguid oxygen, sodium, platinum, salts of iron and nicke!

iii) Ferromugnetic materials:

We are most familiar with these materials as they exhibit the strongesi magnetic
behaviour. Magnetic dipoles in these materials are arpanged into domains where the
arrangements of individual magretic dipoles are essentially perfect that can produce
strong magnelic fields. Normally, these domains are usually randomly arranged and thus
the magnetic field of each domain is cancelled by another and the entine material does nat
show any magnetic behaviour

Example: Iron. cobalt, necdymium.

2 126. Explain the construction and diagram of 2 moviag coil galvanometer.
[Model Question]

Answer:
A moving coil galvanomeler is an instrument which is used to measure electne cuments
It is a sensitive electromagnetic device which can measure low currents even of the order
of a few microumperes, .
Maoving-coil galvanometers are mainly divided into two types:

s Suspended coil galvanometer

»  Pivoted-coil or Weston galvanometer

Meoving Coil Galvanometer Principle:

A current-carmying coil when placed in an external magnetic field experiences magnetic
torque. The angle through which the coil is deflected due to the effect of the magnetic
torque is proportional to the magnitude of current in the coil.

Maoving Coil Galvanometer Construction and Diagram

The moving coil galvancmeter is made up of a rectangular coil that has many turss and 1
is usnally made of thinly insulated or fine copper wire that is wounded on a menlic
frame, The cofl is free to rotnie sboul a fixed axis. A phosphor-bronze stnp that s
connected 10 o movable wrsion head 15 used to suspend the coil in a uniform radial
magnetic hcld

Fssentipl propecties of the material used for suspension of the coil are conductivity and a
low wvalue of the wrsional constait. A cylindncal soft iron core i symmeirically
positioned ingide the coil o improve the sirength of the magnetic field and to make the
field radinl. The lower pant of the coil is anached © a phesphor-bronee spong having 3
small number of tums. The other end of the spring is connested W binding serews.

The speifg s used to produce a counter torque which halances the magnetic torgue and
henee helps in prodocing o steady angular deflection. A plane mrror which is anached o
the suspension wine, along with a lamp and seale amangement. 15 used 1o measun: the
defection of the coll, Zera-point of the seale 15 at the centre.

POLY =P
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Chapter 6: Semiconductor Physics

Chapter at a glance:

6. iconductor
The range of energies that an eleciron may pussess man alom is known as the energy

band.
There are mainly three types of energy bands in a matenal, they are-
i) Valence Band, ii) Conduction Band, {ii) Forbidden Band

Canduction Band

Less Envengs
1 Beard Band Lisp
b Orovlappmg
Energy | Canduction Band
Bund

Cosdection Band

Y ilamce Band

| Valanee Band J l Valunce Bund i

Insulatons | Condcton I | Semaondacion |

6.2 Insulators
s The materials n which the condition band and valence bands are scparated by a wide
energy gap which is of the value= 15 eV.

— A wide energy gap means that a large amoum of energy is required. o free the
electrons, by maving them from the valence hand into the conduction band.

—+ The valenee electrons of an insulator do not have enough energy 10 jump in 1o the
condition, therefore insulator de not have an ability to conduct current 5o the
insulators have very high resistivity (or extremely Jow conductivityl at room
femperatures

6.3 Conductors
The materials in which conduction and valence hands overlap as shown in fgure arc
called conductors.

+ The overlapping indicates a large aumber of clectrons available for conduction

v Hence the application of a small amount of voltage results a large amount of curtent

6.4 Semiconductors

- The materials, in which the conduction and valence bands are scparated by a small
erergy gop i <3eV) are called semiconductors

+ Silicon and germanium are the commonly used semiconductors .

+ A small energy gap means that 3 small amount of energy is required 1o free the
electrons by moving them from the valence band in 1o the conduction band.
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6.5 P-N junction diode

Diode Characterislics:
|
Forward
e - s biitsi
«£ -{“ﬂl " .'-u_ﬂ_'l
EPIY W,
1 I s
v =
E I H.:\'E;:'- O soltage
| - G5V for Si
i S T ‘ k

i i uA 02Y for L

{ Mate | ke reverse curtent dhaom
Riverse s iypical ef type TR40071 For
ik L | other ropea mefr o the

' respective dalssheey

6.6 Half Wave Rectifier
This is the simplest rectifier arrangement, as shown in Fig. (a),

(st

{ay Halt wave rectficr circui Vs }

AL
Supphy

L=

() The load eurreri wiveform & its wverage value 1,

Fig : HalFwave recufier mpul voltage and load current wavelorms

The sccondary voliage of the wransformer (heing sinusoidal) can be expressed as

v, =1 singl =Fsing
where o =il
This (s shown in Fig. (k). where ¥, (s the peak value of voluige.
During the positive hall cyele, when the voitage of the point A 15 positive with respect 1o
point B, the diode 13, is forward biased and will conduct. This current, which Mows
through thaghoad resistance R, the diode thaving forward resistance Ry) und secondary
winding of the transformer (having resistance R, ) con be expressed as

FPOL -4
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i=1 sineforlsa=x
4
here ‘.-“ W
" R.+R +R,

{ This assumes that the cut-in valiage of the diode is negligible compared ta V)
During the negative hall cycle, when the voltage of the point A is negative with respect 1o
point B, the diode D). is reverse biased and will nor conduet, Therefore, the current

i=0 lorzsa<ln
The waveforms of current i during both the hall cycles are shown in Fig (¢). The current,
though not & good d.c. is unidirectional and has an averape value which is non-zero
(actually positive in this cuse)

6.7 Full Wave Rectifier

Full Half Wave Rectifier )
The fipure shows a [ull-wave rectifier ciscuit. The transformer secondary fias a centre-
and each half give a peak voliage of Vi, [n cach hall there is one diode i.e. Dy and Dy
The load resistance By is common (o both halves.

Ac mung

Fig:: Full-wave rectifier ewcuit

This can be seen 1o comprise of two half-wave circuits, On the positive half eycle, when
the poinl A Is positive with respect to B, the dinde, D conducts and current i, Aows
through Ry, During this half cycle. the peint C is negative with respect 1o point B and
hence the diode O, does not canduct. Thereldre 1 = O,

On the negative half eycle. the point € is positive with respect 1o point B Hence the
diode 13y conduets and current 1; Aows through B, During this half eyele. the point A is
negative with respect to point 3 and hence the diode Dy does not conduct. Therefore
iv=0.

FOLY-AF
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Fig.. Full-wave rectifier and the current waveforms

Fig. (b) and (c) shows the wavelonms of currents [y and i;. Sinee both i, and & Now
through the load R,. the wtal current | through Ry is i = i + i, which is abtained by
adding the two wavelorm and is shawn (d)

[ = lpsiniot, 0 =< mt <t = -lsinga, 3 < o1 < 2

( Short Answer Type Questions _:]

A. Choose the comrect answer from the given alternatives in gach of the
following:

1. Inajunction diode the holes are due to; [WBSCTE 2014])
ta) protons (b)extra electrons fe) neutrons id) missing electrons

Answer: (d)

1. When a forward bias is applied w p-n junction, i [WBSCTE 2014]

{4) raises the potential barrier
{b) reduces the majority carrier current Lo zero
{e) lowers in potentizl barrier
{d) widens the depletion tayer
Answer: (o)

PO =-4F
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3. A P-type Semiconductor is — [WHSCTE 2015]
(&) negatvely charged (b} posatively charged
{c} neutral {d} nane of these

Answer: (b)

" 4. Holography produces - [WBSCTE 2018

(a] Real image (b Virtual image
(e} both fa) & (b) (dj none of these

Answer: {h)

5. Inwhich conductor holes wre majority carrier [WBSCTE 2018]
{a) p-tvpe semiconductor (b} n=tvpe semiconductor
{¢) bad conductar {d) metal

Answer: (a)

6. The pumping method used in He — Ne laser is - [WBSCTE 2016)
{a) Optical method (b} Gas - dynamic pumping
{c] chemical pumping (d) electrical pumping

Answer: (a) .

7. Ifthe inversion temperature is @ neutral wmperature is # and the emperaiure of
the cold junction is &, . then — [WBSCTE 2018]
) g +8 -0 (b) 6, -6 =280, (c) & =8 =20, (d) 0, -6 =29,
Answer: (¢)

8. If a very small amount of boron is added to a pure germanium crystal at room
temperature, il becomes, — [WEBSCTE 2047]
(a) an n-type semiconductor (b} a prype semiconductor
{c) an insulator (d) a good conductor

Answer: (1)

9.° The value of the energy band gap for germanium crystal is - [WBSGTE 2018]
{a) L.} eV {(hy 001 eV
[g) D068 eV {d) D68 eV

Answer: (d)

10. If the forward bias voltage across a p-n junction be increased. the width of the
depletion region [WBSCTE 2022
(a) decrease
(b)Y inerease
(¢ remains same
{d) increases proportionally to the applied voliage

Answer: (a)
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1. In germanium erysial. the energy band gap is [WBSGTE 2022
(n) 0.068cY (b)0.8eV {¢) B8eV id) 0.68eV

Answer: (d)

12. Theoutput of a full wave rectifier 1s [WBSCTE 2022]
ia)an AC voliage (b i constant DC voltape
(¢} rero (d} a pulsating unidirectional voliage

Answer. (b)

13. For obtaming a p-tyvpe semiconducton doping is 10 be done with impurity material

which is [WBSCTE 2022
{a) tetravalent (b} pentavalent
(c) amvalent (d) none of these

Answer: (¢)

14. The lasing action is based on [WBSCTE 2022]
fa) Stimulated emission (b] Spontaneous ¢mission
{¢) ahsorption () none of these

Answer: (a)

B. Fill in the blanks in the following stalements:

15. Solar phato voleaic call is 2 source of won-conventional energy{non-conventional /
conventional) [WBSCTE 2006, 2007]

16. Solar phatavoltaic cell 15 2 source of gos-comventional energy (conventionulinon-
conventional energy) [WBSCTE 2010]

17. In the Antimony (Sh) - Bismuth (B} Couple. the current will flow from Sh 1o Hi
through the codd {cold / hot) junction in case of Secbeck cffect, [WBSCTE 2013)

C. State whether the following statements are True or False:

18, n-jype exirinsic semiconducior is obtained by doping A with 5, [WBSCTE 201 1]

Answer: False

D. Answer the following questions:

19, Draw the necessary circuit diagram for studying the forward bias characteristic
curve of a p-n junction diode. Also draw the characteristic curve. [WBSCTE 2017]

Answer:

In forward bias, the p-type is connected with the positive werminal and the p-iype is

conected with the neeative terminal, S0 that the holes in the p-1ype repion anid

theelectrons in the n-type regon are pushed toward the junction, This reduces

the width of the depletion sone

Ly e T I
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[ Long Answer Type Questions )

= 1. () Give the circuit diagram using a bridge rectifier for full wave reclification

i i ity of the d.c. voltage develo across Lhe resistive load.
ey G golkeina g ped[wssciﬁ 2005, 2006, 2010, 2017]

ingui : hand
hY Distineuish conductor, semiconductor and insulator in terms of cnergy
(diigr:m. : ' [WESCTE 2005, 2007, 2008, 2011]
OR,
Write any two distinguishing features between conductors, semiconductors and
insulators on the basic of encrgy hand diagrams. [WBSCTE 2022]
Answer:
a)

AT
Supply

o

Fig.. Bridge rectifier circuit

'b) Refer (o Chapter at a Glance 6.1,

2 2. Distinguish between P-type N-type !f)mH..km ductors. [WBSCTE 2008. 2012]
Write down two important ~ differences hetween  n-fype -mvl:'rsp;a':
semiconductor, [was

A i Semroduer | N-Type Sesiconducior

a1 i o« i i ntavalent
| e 1 Thy o matenial | 1] 1t can be fonned by sdding pe
i} Tt can be formed by ndding teivalent m . e
AT tlence “"‘"l‘ r“‘ Ii‘ "%1 nel:.t the conduciance band.
1) Fermi-leve! is mear the valence band ) Feemi-bev e e 2ot |
UV Holes(h ) are the magority current carrier i) Electronsie :

curriEr. - —

[ Tv] Resntivity bs lower —
PO AR
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S 3 (9) Whatis meant by forward biasing and reverse biasing of a p—n junetion®
(b} Show eclearly the differences in the band structure of a metal, an insulator
and a seficonductor? MWBSCTE 2013]

Answer:

a) In forward bias (Fig a). the r-type 15 connected with the positive terminal and the n-

type s connected with the negative teomnal. So that the holes in the P-type region and

the electrons in the Nevpe region are pushed il {md
toward the junction. This réduces the widith of  Forserd bias Revers: ity
the depletion zone, Sl (e==
In reverse s (Fig b). the P-hvpe region s (i1, Vs [V
connected 1o the negative terminal of the baters illi ' {||I
and the N-fype region 1o the positive terminal. If a

diode 1s reverse-binsed. the valiage a1 the cathode L P | inm
is higher than that at the anode. Thercfore. no ke R

current will flow until the diode breaks down

Because the p-type material 5 now connected to the negative terminal of the power
supply. the ‘holes’ in the P-1ype material are pulled away from the junction, and it causes
(ncrease in the width of the depletion zone.

b) Refer to Chapter ar a Glance 6. J.

= 4. {a) What is gn intrinsic semiconductor?
(b) A beam ol constant intensity and increasing frequency is incident on a
photosensitive surface. Explain what happens in this case and sketch the graph
of stopping potential and photoelectric current. [WBSCTE 2013]
Answer:
(a) A perfect semiconductor crystal with no impurities or lattice defects is called an
imirinsic semiconductor, In such material there are no charge carriers at 0 K. since the
valence band is filled with elecirons, and the conduciion band s empty, Al highﬂr
temperztures electron-hole pairs are generated as valence band clecirons are excited
thermally across the band gap to the conduction band. These EHPs are the only charge
carriers in intringic material.
Since the electrons and holes dre cremed i paits, thos for aeteinsic material

Q. 0. O:
Q.00
ook ,o e

C} O =y

Fig: Eleetran - hole pairs i the d,.l.n.lILﬂl bonding model of the Sy crysial

PIL K= AT
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Al a given temperature there is a cerain concentration of electron-hole pairs #
Obviously, if a stweady sute carrier concentration is maintamed, there must be
recampimarion of EHPs at the same rate at which they are generated.

I:(" '.I = j:f

(b) We know dry =W 4 E =gl + E

Where L Is plank constant.

¥ is the frequency of the incidemt light

W is work function

£ is the charge of an electron

I, 15 the stopping potential,

# is the maximum energy of the emitied 1on
= (k= by, )= h(7-7:)

¥ is fixed fora metal.

Soas p increases, I, increases.

< 5. What are extrinsic semiconductors? What kind of impurity is chosen to make
n-type and p-type semiconductors? Give examples. [WBSCTE 2014)

Answer:

1" Part:

An extrinsic semiconductor is a semiconductor that has been doped, that 15 into which

adoping agent has been introduced, wiving o different electncal properties  than

the intrinsic | pure) semiconductor.

Doping involves adding dopant atoms to an imrinsic semiconductor, which changes

the electron and hale carrier concentrations of the semiconductor at thermal equilibrium

Dominant earrier eoncentrations in an extrinsic semiconductor ¢lassify it as either an n-

type or p-type semiconducior. The electrical propertics of extrinsic semiconducions make

them essential compenents of many slectronic deviees

2" Part:

A common dopant for n-1ype silicon semiconductors 15 phosphorus.

A common p-type dopant for silicon semiconductors is boron

' Loaringis Danor atoms Acceplor aloms
semiconduetor
5 / -
f-mrup I¥ Silicon, Germamun | Phosphorus, Arsonic Boron, Alwmimum
semiconduciorms
Alurminuem
Group 1Y ""”"'F"‘""?*I"'.',:‘.”'I't‘?“ Selenium, Tellurium, Silico | Beryllium, Zinz, Cadmiu
mirsemide Gallium i 2 liooer: Clenmianiig
; 3 . Crermantum m. Sihoon,
semivonductons arsenide, Galligm
nitride
TIL F-dP
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= 6. (a) Explain with circuit diagram the setion of 8 full wave bridge rectifier.
(b) Draw the charackeristic curve of a p-n junction dinsde in the forward and
reverse bias,

(c) What are the minority carriers in a n type semiconductor? [WBSCTE 2015]
Answer:

(n) Refer ia Chapger ar o Glance 6.7,
b} Refer to Chapter at a Glance 6.5.

() The minerity carriers m a7 ype semiconducior are hoies,

= 7. {a) Explain full wave rectification by bridge rectifier (circuit diagram, input
und outpul wave [orms are essential).
(b} Explain the term ‘depletion region” in p-n junetion,
Answer:
(a) Refer to Question No. 1.a) of Long Answer Type Questions.

[WBSCTE 2018]

{b) Deplation région or depletion laver i= @ region in & P-N junetion diode where no
mobile chaige carmiers are present. Depletion laver octs like a barrier that opposes the
flow of eléctrons from n-side and holes from p-side,

= 8. a) Distinguish conductors, semicenductors and insulators in terms of cnergy

band dingram. [WBSCTE 2018)
Apswer:

Conductors Semi-conductors Insulstor ]
Conduetors |{he metals, the | Semiconductors have o small | The  valence  bands  are
valence hond overlaps the | gap beiween the valence and | separated by a large gap from
conduction hand. conduction bands that thermal | the conduction band
or mh;t excitations can hridgc
the gap

& L 4

| | Condurien Band

| € onducon Hul_H.' it bl | {-arge enerpy gap

bevween valence and
wuiridis bjon bands

= 8 (b} What kind of mmpurity s chosen o .I‘l"llli.t! n-type  and plvpe
semiconductors? Give examples, [WBSCTE 2019]

IR TR
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Answer:

n-type semiconductor is created by adding pentavalent impurities like Phosphorous,
Arsenie, Antimony or Bismuth.p-type semiconductor is created by adding trivalent
ipurities like Gallium and Indium.

= 9. (a) Distinguish between an intrinsic semicond uctor and p-ty pe semiconductor.
{b) With the help of circuit diagrams, distinguish between Torwurd biasing and
reverse biasing of a p-n junction diode.
{c) Draw a labelled diagram of a full wave rectilier circuit. Show the input-
outputl waveforms,
(d) Draw the circuit diagram of an illuminated photodiode in reverse bias-How
is photodiode used to measure light intensity. [WBSCTE 2022)
Answer:
{a) Distinguish between an intrinsic semiconductor and p-type semiconductor:
{iy An intrinsic semiconductor is a pure sermconductor where 25 a p-type semiconductor
is a semiconductor doped with trivalent impurity ztoms like boron or gallium,
(ii) An intrinsic semiconductor has same number of holes and electrons while in a p-tvpe
semiconductor the number of holes is greater than the number of elecirons,

(b} Refer to Question No. 3.a) of Long Answer Tvpe Questions.

(¢) Refer to Article No. 6.7 of Chapter at a Glance.

(d) When p-n junction is reversed binsed with no current, a very small reverse saturated
current Aows deross the junetion called the dark current, When the junction is {lluminated

with light, electron-hole pairs are created at the junction, due to which additional current
begins 10 flow across the junciion: the current is solely due 1o minority charge carriers.

Ny ‘\H Laghe
) A= /74
P | B ™ .";‘, /
d L___i}_.___ __‘I L THL S
[ )
Phonodhaide

< 10, (0) Stare two sdvantages of LED lamps over eonventional incaadescent
Lumpis.
(b) Draw a circuit diagram of n-p-n transistor amplifier in CE configuration.
(€] Why GaAs is most commonly used in making of a solar eell” [WBSCTE 2022

POLY”-AP
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Answer:
(a) The owo advantages of LED lamps over conventional incandescent lamps are!
i} LEDs have longer life a8 compared o incandescent kunps.

) LED requires Tow operational voliage and less power a8 compared o incandescent lamps,
LEDs also have fast on-oft switching capabilities,

(b) The circum dingram for n-p-n transistor in CE configuration is us shown below:

th

Ry B R,
F— f I._. e
i I E-:! Vg

2 E 4

¥ b

The transistor aets as an amplifier when the emitted- base junction is forward biased and
the collector-emitter junction is reverse biased with a high voltage Ve

(e) Ga As (gailium arsenide) is mast commonly used in making of a solar cell because it

ahsorbs relatively more energy from the incident solar radiations being of relatively
higher absorption coelficient.

PO AP

Chapter 7: Modern Physics ﬂ

Chapter at a glance:

7.1 X-rays "

Production of X- rays by Coolidge X- ray tube:

The characteristic features of the Coolidge tube are its high vacuum and its use of 2
heated filament as the source of electrons. There is so little gas inside the wbe that it is
not involved in the production of x-ray, unlike the situation with cold cathode gas
discharge tubes.

The operation of the Coolidge wbe is as follows,

As the cathode Olament is heated, it emits electrons. The hotter the filament gets, the
preatet the emission of electrons, Thess electrons are accelerated towards the positively
charged anode and when the electrons strike the anode, they change direction and emig x-
rays with 8 continuous range of energies. The maximum energy of the x-rays is the same
as the Kinelic e¢nergy ol the electrons siriking the anode. In addition to the x-rays
produced at the focal spol of the anode, some undesirable x-rays (stray radiation) are
produced by elecirons striking ether wbe compeonents.

1 g aten

. and energy of the x-ravs can be conrolled independently. Incressing the current to the

cathede increases its temperatupe. This increases the number of electrons emitied by the
cathode, and a5 a result, the intensity of the x-rays Increaging the high volmge porential
difference between the anode and the cathade increases the velocity of the electrons
striking the anude, and this increnses the emergy of the emitted x-rays. Decreasing the
current or the high voltage woyld have the apposite effects. The high degree of control
over the wbe oulput meant tha the carly radiologists could do with one Coolidge tube
what before had required a stable of finicky cold cathode wbes. Asa bonus, the Coolidge
tube could funciion almost indefinitely unliss broken or hadly abused.
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X-Ray spectrum:
/lu'l
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Continuous X-ray spectrum is the part where the graph is a smooth one, characteristic
spectrum js where the spectrum has an abrupt rise (and fall).

It can be observed that the cominuows spectrum has a minimum wavelength (4 WL).
This minimum value occurs when all of the kinetic energy of an electron is converted
into X-ray energy.

The minimum wavelength (4. W |} 15 given byt

b f=lcis W L= 12me ;

hfis the energy of the beam X-ray, ¢ is the speed of light. m is the mass of an electron
and v is the speed of the eleciron

Properties of X-Rays:
1. X-Raysare electromagnetive radiations having a wavelength between 10-0.01 A
2. In free space X-Ravs moves in a straight line
3. e speed is same as light( 1,586,000 miles/see)
4. They are invisible 1o the eyes
5. ?—Irayﬁ cennot be reflected or refracted or deflected by the mupnetic or clecine
1eld
6. ?’hﬁ} show the properties of imerference. diffraction and reflection as of visible
Vight.
7. They have electac and magnetic field components to the right amgle of the
propagation,
They do not require any medium for propagation, i.e the can propagate in the
space.

PolL Al

Moderp Physics AP.115

9. They can penetrate liquids, solid and guses. The degree of penctration depends on
the material.

10, Thiey can be absarbed by liquids, solid and pases. The degree of absorption
depends on the material.

11. X-rays interact with materials they penctrate and cause ionization.

12, When X-ray fall on certain materials they emit visible light, which 15 kpown as
fluorescence,

13. They also show heating eifect {i.c falling X-ray on some material makes the
material heated.)

|4. X-rays are capable of producing image on & photographic flim.

I5. The excitation property of X-rays is used in the meatment of malignant legions.

Application af X-rays:

X-ravs are used in.

1. Material testing

2 X-ray imaging in the medical field.

3. Finding any ¢rack in any manufactured product

« X-ray crystallography in which the panem produced by the diffraction of X-ravs
thraugh the closely spaced lattice of atoms in a crvstal is recorded and then analysed
10 reveal the nature of that latice.

«  X-ray astronomy, which is an ohservational branch of astronomy, which deals with
the study of X-ray emission from celestial objects

s Xeray microscopic analysis, which uses cleciromagnetic radiation in the soft X-ray
band to produce images of very small objects,

o Industrial CT {(computed tomography) is a process which uses Xeray equipment [0
produce three-dimensional representations of components both externally and
internally. This is decomplished through computer processing of projection images of
the seanned ohject in many directions.

+  Course of painting, or by luter restorers. Many pigments such as lead white show

" welf in X-ray photographs _

= Afrport security luggage scanners use N-ravs for inspecting the imenor of luggage
for security threats before loading on airerafl

e Border control truck scanners use X-rays for inspecung the interior of Inscks.

7.2 Working Prin r ) _
In order 1 realize the basic working principle of lasing action a statistical quantum
process understanding {s required. From Bohr's theary we know that while dropping from
excited state 10 ground state an electron can emit energy in form of photon. Likewise
womic (atom will be used 1o melude molecules & wns) tmn?it}m can also 1ake place
belween encrgy states, which is purcly a statistical one. Now difficulty arises, in order 10
locate a particular stom responsible for transition herween differen Staes. Only quantum
mechanical probability. calculation helps us to calculate the rate of mdiative transition
from an assembly af statistically large number of atoms

POLY-AP
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Before poing to the details of the atomic transition amengst energy states let us calegories
the passible methods by which we can excite an stbm [rom energy state to o higher one.
By collision between two different atoms where Kinetic energy of one is transferred 10
other 10 move it 1o the higher excited state.

By absorption of photons whose energy is just thie right amount of energy i.e.. which can
raise an atom 10 higher energy level

By applying an electrical field awmic fons will be accelersted till kinetic energies are
sufficient o excile atoms they
collide with underlined causes act

STl — Lauer Chamber
as stimuli, —
Most important part of laser is . T
that the excited atoms eic about | { Bokid liguad/aa) r
which we are mlking aboul may Sl Fig: | Witidge

be of & solid, a liquid or a gas,

which arc present in these subsiances in a high proportion. A block diagram of laser
operation is given.

To understand how the active medium (solid, liquid, gas) amplifies light we need o focus
our attention on the following pricess

A ulated
An atom residing in lower energy state £ may absorb the incident photon and jump to
the excited staie F, as depicted in the figure 2. The transition is known as stimulated
absorption or induced absorplion or simply as absorption. Corresponding to each
tramsition made by an atom one photon disappears from the incident beam. The number
of absorption transitions occurring in the material at any instant will be praportional to
the number of aloms in the lower state £ anid the number of photons in the incident
beam ’
The absorption of such photon is termed as resomant process. To satisfv the resonant
process only photons of particular frequency will
be uhsorbed.
Excited state with higher energy i inherently Siraps k.
unstable becmse of a natural tendency of aoms
to seek out the lowest energy configuration.
Iherefore, excited atoms do not stay in the
excited state for a relatively longer timellife time
of an alom in the excited state is 10 " sec| bul
tend 1o return to the lower state by giving up the : Mismber of xiom ¥,
excess energy hv=£,-F in the form of
spontancous emission or stimulnted emission.

oL -AP
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7.2.25 neous Emission
Ihe excited atom in the state [, may return to the lower state £, on i1s own ot of the
natural tendency 1o attain minimum potential energy condition. During the transition the
excess energy is released as a photon of energy hv=E, — £ . This type of process in
which photon emission occurs without sny extermal impetus s called spontaneous

emission. [L can e represented as A% A + v . The process of

sporitancous emission is essentially probahbilistic, that is the atom / C o D; E
has some probability for making the transition, and it iz not
amenable for centrol from outside. The instant of the transition,
direction of emission of photon. the phase of the photon. the
polanization state of the photon are all random quamities O0D0
There will not exast any comelation among parameters of the
inmumerable photons emitted spontanecusly by the assembly of
atoms of the medium. Therefore the light generated by the medium will be incoherem
The light from the conventional sources ariginates in spontaneous emission process and
is {ncoherent. [t contmins & superposition of many waves of randomsphases. The net
imtensity of such incoherent waves is propertional to the number of rediating swms The
light is radiated in the form of short duration wave trains emitted in all divection and the
intensity goes on decreasing as the wave trains trave! away from the source. Each of them
hears no consistent phase relationship with cach other nor do they share 4 common
polarization plane, Asa conscquence, there 1s no compounding of the individual waves.
7.2.3 Stimy

An atom i the excited state need not wait for spontansous emission o pegur. Thers
existe an alternative mechanism by which an exeited atom can miake 2 dowmward
transition and emil light. A phioton of energy o= E. — E can induced the excoed stom
to make a downward transition releasing the energy in the form of 2 photon. Thus. the
interaction of a photon with an excited atom triggers the excited atom 1o drop 10 the lower
enerigy state giving up anather phaton. The phenomenon of forced emission of photon is
called induced or stimulated emission. The exsience of this nrechanism was predicted by
Einstein in 1916,

o Lo ey B

A iy \.‘LR:\.. t:' “-Mﬂ‘.
WA N W EF nﬁﬁd-n\.
wfhe SN0 Mm

¥

Fig: 4

The rate of stimulated emission depends on
1. The number of atoms in the exclied state
2 the Intensity of the extermal radiation

POL AP
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As the direction of propagation, the frequency. phase and sime of polarisation of
stimulated emission in the same a5 tha meident photon it 15 highly coherent

On interaction of a photon of energy fw = E, — E, with un atom a higher excited state
induce excited atom to make downward transition releasing the excess energy 10 the [orm
af photon. We may think of in such a way that single photon afier imeraction with the
atom at the excited state emits another photon, These two photons in their path producing
& lotal four photons and again in similar fashion they produce cight pholons and so on
e, multiphcation of photon takes place resulung the amplification of light.

Necessary condition: For this chain process o susiain the essential condition is that the
nurmber of atams in the excited state must be greater than that in the ground state that is
N. >N, The highly populated energy stare is called the population inversion, So
popularion inversion is the perquisite for lasing action.

7.2.4 Population Inversion
So far we¢ have learmt that for lasing action stimulaied emission process s essential to
ensure & strong lasing beam with high percentage stimulated emisgion s requirad. To get
high percentage of stimulated emission process a technique is adopled so thal more
number of atoms should be in the higher excited state than that at the ground state, This
situation is known as population inversion,
Before undersianding population inversion we must clear aboutl population. Basically the
number af Gtoms present ina paricular cnergy state is called as population. Al a thermal
eguilibrium, the no. of stoms present in a particular energy state is determined by
Maxwell-Bolemann swansties Le.,
i { E )
.‘._.,,‘!._.xp,r red (h

Where N, = no. of atoms present in the energy state N, =+ no. of atoms present in
ground state & = Boltzmann comstant. §' = absalute temperature Similarly for energy
state, £, the no, of stoms

N=N ﬂp[- ] A7)
L AT
Y
8o, N, = ."I-,r:np‘ K'?‘: | .-A3)
Putting N, in the above expression we have,
(E Y [ &)
No=Noexpl — fexpl —= | A4)
:=Niew| o 4 xT )
N.=N, cxp| -] . EJ -ik5)
\ X7

Since £, < E, hence N, <N,

PO
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ie. at thermal cquilibrium no, of awms present in the upper energy state 15 lower than
I;l"ml of the lower energy state. We can define, population inversion is an anificial
situation established by generation of large number of atoms in the higher energzy state

As an cxample how population inversion achieved in shown in the following figure.

[ Bohamian doribuuun withaut [ Pepmlatvmn wrverion achurond
pumpang (normal condation || Fig: 5 {Afier Pummpeng i

A thize level lasing scheme is shown in the above diagram. Fig 5(a) shows the number of
atomic distribution when no pumping is employed. Fig 3(b) shows the distribution
function changed i.c., population inversion when pumping is employed, Let us assure E,
is a metastable state (life time of atoms in this state is 10 “sec ) Fcited atoms from £,
level (short lived of life time 10* sew.) decay fast to level F, and atoms are sccumulated
&l F  Thus intense pumping from £, o E. and then rapid decay 1o £, it is possible to
achieve non-equilibrium distribution of atoms. Then £, is more populated than £ when
lasing transition (wkes place between F, and £,

E3y

Fig: b

[t i% not possible to mamian contipuously, £ more populated than £ duc to
depopulation of £ Such system works in pulsed mode only (in Ruby laser)

Hologruphy: Holography is a lechnique which enables three-dimensional images w be
made, 1L invalves the use of o laser, interference, dilfraction, light intensity recording and
suitable illumination of the recording. The image changes as the position and onientation
of the viewing system changes in exactly the same way as if the obyect were stll present,
thus making the image appear three-dimensional

PO P
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7.3 Bohr's atomic model

Neils Bohr made the following postulates-
¢ In an atom, the elettrons revelve arcund the nucleus in cenain definiwe circular paths

called orbits, or shells. Nl

* The electrons can move from a lower energy level 10
a higher energy level or from a higher energy level 10
a lower energy level by absorbing or emitting the
appropriate energy respectively.

4
s Each shell or orbit corresponds 1o a defimte energy. 3 M thell
These circular orbits are also known as energy levels > Lshel
or enerey shells. The arbits or energy levels are ( K shal
characterized by the pumbered 1, 2, 3, 4., . or K, Pogitily
Ly M Nt enarped
Nutleus

X EF

( Short Answer Type Questions )

A. Choose the comrect answer from the given altematives in each of the
following:

L. The wavelength of most energetic x-rays emitted when & metal target is bombarded

by 40 keV ¢lectrons i5 approximaic]y [WBSCTE 2014)
(a) 300°4 (b} 10°4 {c) 4°4 (d) 0.31°4
Answer: (¢)
2. The characteristic X-ray depends on™ [WBSCTE 2018]
{a) mature of the target material (b) velocity of electrin
{c) number of electrons striking the tarps (d) nune of these
Answer: (a)

3. Theenergy of & photon of charactenstic X-ray from a Coolidge wbe comes from
{a) the kinetic energy of the free electrons of the target [WBSCTE 2016)
{b) the kinetic energy of 1ons of the target
{) the kinetic energy of the striking electron
{d)an atamic transition n the arget

Answer: (h)
4. The pumping method used in He — Ne laser s - [WBSCTE 2016]
{a) Optical method (b) Uas — dynumic pumping

(c) chemical pumping {d) electrical pumping

Answer: (a)

P - AT
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5. Which of the following statement is true? [WBSCTE 2017]
(a) Frequency of X-rays is slightly less than that of visible light
(bl Frequency of X-rays is much less than that of visible light
(¢) Frequency of X-rays is greater than that of visible light
(d} Frequency of X-rays 15 equal ta that of visible light
Answer: (¢)

6. The penetrating pawer of X-rays produced by an X-ray tube can be increased by -
[WBSCTE 2018]

{a} increasing the filament current {b) increasing the tube voltage

{c] decreasing the filament current {d) decreasing the tube volizge
Answer: (b)
7. Laser rachation 15 [WBSCTE 2019

{a) highly monochromatic (b} partially monochromatic
() white light {d) dichromatic

Answer: (a)

8. Inan X-ray tube, the intensity of the emitted X-roy beam is increased by
2019]

[WBSCTE
(b) decreasing the filament current

{a) increasing the filament current
{d) decreasing the target potential

(c) increasing the larget potentiol
Answer: (a)

9. LASER is the acronym for [WBSCTE 2027]
ta) Light Amplification by Stimulated Absorption of Radiation
(b} Light Amplificaion by Stimulated Emission of Radiation
{c) Light Amplification by Spontaneous Emission of Radiation
{d) None ol these
Answer: (h)

10, X-rays are dellected by [WESCTE 2022]
(a)electnie field
(b) magnelic leld
{c) both magnetic field and electric field
{d) neither electric field nor magnetc Neld
Answer: (d)

LI 11 the potential difference applied 1oan X-ray tube be doubled, the ¢ut of T [ minimum)

wavelength [WBSCTE 2022)
(4) becomes halved () becomes doubled
{¢) becames four thme {d) becomes same
Answer: (i)
WL F-AP
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12. The iMemsaly of X—rays produced by an X—ray tube can be increased by

[WBSCTE 2022)
(b} decreasing the tube vohage
(d) increasing filament current

{a} increasing the tube voltage
[} decreasing the filament curremt
Answer: (a)

13. In He-Ne laser pumping 15 done by [WBSCTE 2022]
{4) optical method
{b} Thermo—chemical reaction
(&) atom--atom inelastic collision through electrical discharge
{d) none of these
Answer: {a)

L Long Answer Type Questions )

ces 18 {a) What is LASER? Differentiate between ordinary light and laser.

{b) Define spontaneous and stimulated emission?

{c) What is population inversion? [WEBSCTE 2014]
Answer:
{a) MASERS (Microwave Amplification by Stimulated Emission of Radiation) in the
optical range called LASER (Light Amplification by Stmulated Emission of Radiation).

(b) Refer to Chaprer at a Glance 7.2.2 & 7.2.3,

(¢c) Refer ta Chaprer at a Glance 7.2.4.

= 2. (a) Write twa properties of LASER? [WBSCTE 2015]
(h) What 15 hologram?
{¢} An X-ray tube aperates a potentisl difference V. What is the minimum wave
length af X-rays? Mention two important uses of X-rays.

Answer:

{a) Laser light is monochromatic, directional, and coherem

Monochromatic

The light emitted from a laser 1s monechromatic. that is, it is of one wavelengh (color).

In contrast, ordinary white light is 2 combination of many different wavelengihs (colors).

Directional

Lasers emit light that s highly directional. Laser light is emitted a8 & relatively narrow
beam in 2 specific direetion. Ordinary light, such as commyg from the sun, a light bulb, or
a candle, is emitted in many dirsctions gway from the sourge.

POLE Al
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(M) A hologram (provounced HOL-o-gram) 15 a three-dimensional image. created with
photographic  projection. The term is taken from the Greek words holos (whole)
and gramma (message). Unlike 3-D or virual reality on a two-dimensionsl  computer
d'rarﬂa}r. it hologram is a truly three-dimensionzl and free-standing image that does pot
simulate spatial depth or reguire a special viewing device. Theoretically, holograms could
someday be transmitted electronically to a special display deviee in your home and
business,

The theory of holography was developed by Dennis Gabor in 1947, The developmem of
laser technology made halography possinle

feyel” = hfmax = he' 4,

where I is the accelerating voltage for the tube, fmax is maximum x-ray frequency, A is

Planck's constant, and ¢ is the change of the clectron

N-rays are used in,

| Materinl testing

2 X-ray imaging in the medical field.

3. Finding any crack in any manufactured product

= X-ray crystallography in which the pattern produced by the diffraction of N-rays
throtigh the clesely spaced lattice of atoms in a crystal is recorded and then analysed
to reveal the nature of that lattice,

= 3. (a) Write the properties of X-ray.
{b) How much voltage be applied in X-ray tube such that the minimum
wavedength of the emitted X-ray will be | angstrom?
{c) Explain graphically the continuous and charscteristics specira indicating
- [WESCTE 2016]
Answer;
(n) Refer to Chapter at a Glance 7.1

- 12400
(b) We know that 4 = ﬁ:-— 2 s A
#
So from the above equation we can say if the applied voltage is 12400 v then emined X-
Ray will be | angstrom

(e} The s-ray photon of shorest wavelength (highest frequency) is emitted when the
incident ¢lectron lases all of its kimetic encrgy in a single encounter. In this case E7 = ()
and lence

- .ﬁﬂ'.. F & where E=el

hy
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" . “h PR
where V= accelerating voltage. From above relation we have =el So thm
Trin
J’ -
Ao -—E-_— A
el

he  663«10""x3x10° 124204107 12420 P
T T N
8o A_. isinversely proporiional 10 aocelerating voltsge.

the value of

HikeV

e
el

elative Inlevany
Traterisety
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Fig 1: X-ray spectrum: (2) continuous spectrum emitied hy a tungsien target. Note that
the short wavclength limits shifi o lower wavelength for increasing accelerating
patentials, (b) the charactenstic line spectrum emitted by 3 molybdenum target A . and

K g lines are seen superposed on the continuous spectrum

Thus we see that quantum theory provides o) casy and convincing explanation For Lhe
existence of short wave length limil If weseth =0 weget 2 =0. This mcans that the

existence of .J.,, e 5 a4 guanium miechuresl phmomcnan The emmsion of x.m}- from
deceleraton electron is called Bremsstrahlung process. This process is sometimes called
inverse phitoctectric effect. In a photoelectnic process, photon s absarbed: s enerpy and
mementum are transferred to electron. In this process a photon is created, jts anerpy and
mamentum are derived from the alectron-nuclear collision

= 4. (a) Explain the term population inversion & optical pumping!
(b} Explain the working of He - Ne Laser.

(€] Mention some important application of LASER. [WHBSCTE 2016]
Answer:
a) Population Inversion: Refer to Chapter ul g Glance 7,2.4,
PR AT
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2" Part:

Optical pumping is a process in which light is used to raise (or "pump”) electrons from a
lower energy level in an atom or molecule 1o a higher one. 1t is commaonly used in laser
construetion; o pump the active laser medium so as 1 achieve population inversion. The
technigue was developed by 1966 Nobel Prize winner Alfred Kastler in the early 1950s.

() Working of Helium Neon Laser
I the earlierarticles, [ have explained the construction of helium neon laser. Today let us
discuss the working of helium neon faser:
Pumping of He atoms: When electric discharge is passed through the gas mixture of He
and Ne, electrons are accelerated down the discharge tube in which mixture of Hedve 1s
placed. These accelerated electrons eollide with helium atoms and excite them 1o higher
energy levels (lef us sav F2and F3).

Engrgs exchange frough

it o oo £

S ¥

=

Excitaton doe o
tallishon with elecrons

> :
He et

These levels happen to be Metastable and thus the He stoms spend a sufficient amount of
time there before getting de-excited.

(e) Applications of laser includes:
" lasercutting -
o |aser welding
o barcode readers
o OLED display
o CD/DVD reader & writer
= Holography

= S u) Write down two important applications of X-rayvs.
by Write short noles on - (i) spontaneous emission, and (i) stimulated emission.

[WBSCTE 2017]
Answer;
(0} Refer 1o Chapter ara Glance 7.1,
(1) Refer to Chaprer at a Glance 7.2.2 & 7.2.1.
POLY-AP
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= 6. (&) Write down the basic properties of LASER beam which make it different
from ordinarv light, .

{h) Draw the curve showing the variation of intensity with wavelength of X-ruys
obtained from X-ray tube and mark cut-ofT wavelength (A..), continnous &
characteristic X-rays. [WBSCTE 2018]
Answer:
(a) Kefer 1o Question No. 2 a) of Long Answer Tipe Questions,

(h)

Characicriic
L0y ]

Relalive iniensigy
L]
T

[C I ] 10
Wavekenptn (mm

EH]

< 7. Calculate the tube voltage required to be applied to an X-Ray tube to produce

X-Rays of minimum wavelength 24 . [WBSCTE 2015
Answer:
A=2A
g’ E - M Tube voltage =9.943+ 10 " eV
A 2x107

< 8. Write the differences between ordinary light and LASER. [WESCTE 2019, 2022)
Answer:

I Ordinary Light | Laser Light

1) I)rd.t'nnr)' fi_ghl.u are incoherent n nature [ i) L.u.e:_hm _".".'-'- Iﬁ#h]_\- :uh;-r.(_-:i

i) Intensity of ordinary light decreases with | i) It travels only i one direction, which s
distance as it travels m form of shont pulses | parallel 1o the optic axis

af sroall length and shon duranon S

i) I s not stnetly monochromatie as it | il s highly monochramatic as 11 travels in
travels in form of short pulses af small | farm of lnge iengith and Jong duralion

length and short duration, P =

iv) Specd of sphericnl wave fant fs mare | iv} Spread of planc wave Trom is less hence
hence they spread heavily f.e. divergence is | they spread least |e, thei divergence is less,
maone

POF Y- Ar
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= 9. (a) Write a short nole on ‘population inversion’.
(b) How continuous and characteristic X-ravs are produced in Coolidge tube?
Explain, [WBSCTE 2022)
Answer:
(a) Refer o Article No. 7.2.4 of Chapter at « Glanc.

(b} Continuous X-ray spectrum: The mechanism of the production of continuous X-ray
spectrum is shown in Figure. An electron emitted from the filament in the X-ray tube is

iy . ! I
aceelerated towards the target nucleus with initial kinetic energy say K,- 5 My . The

clectron with high value of kinetic energy K, enters deep inside the target atom. As it
approaches the nucleus of the atom, it is strongly attracted by the nocleus and due 1o this
atraction, electron deviates from its original path and thus retarded. So its velocity
decreases and consequently its Kinetic energy is also decreased. This loss of energy of the
electron during retardation appears in the form of X-ray photon. The electron goes on
retarding due to the interaction with the nuclei of the target atoms. As a result X-ray
photons are emitted 1ill the electron loses all its energy. The X-ray photons so emitted
from the continuous X-rays spectrum,

Noray phtan
| —
= =y =
TR z 3
eleciron
—
I s
4 =—my
bl

Characteristic X-ray spectrum:
The mechanism of production of characteristic X-ray spectrum is shown is figure The
electrons emitted {rom cathode of the X-ray
tube are sccelerated towards the wmrzet due 1o
high potential difference apphed berween the
cathode and the torgert These high energy
electrons penetrate deep into the atoms of the
rget and knockoul eleetrons from the inner
othits of the wtoms

When an electron is knocked out from ap
mner orbit or shell, a vacaney. or hole s
ereated these, which may be llled up by an
clectron jumping from higher chell of the
aworm ad in the process energy of the electron

Kook i et
ehedinan
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of higher shell of the atom and in the process energy of the process energy of the glection
of ligher shell is emitted les in the X-ray region and so it 1s known as charmcweristic X
ray phaton

< 10. Write Bohr's theory of electrons in his atomic model. [Model Question]
Answer:
Migls Bohr applied Planck’s quamum theory of radiation 1o Rutherford’s atomic model,
which lacked stability. He made the following sssumptions. known as postulates of
Bohr's model of atom:
i1 Anatom has a small positively charged cenural core called nucleus. where whole
mass of the atom 15 supposed (o be concenimted,
it} The electron revelves round the nucleus in fixed orbits of definite radii and as
long 8s an electron is in a cerain fixed orbit, it does not radiate any energy.
These orbats are called stanonary orbits and they have definite ampunt of energy,
{ii) An electron can revolve only in those drbits, in which its angular moment is an

imegral multiple of

.
1.,
-y

L = mr = Lh |
i
This is Bohr's quantization condition for angular momentum. Here,
m =mass of the electron,
v = wvelocity of the electron,
r =radius of the orbif,
i =Flanck’s consiant and
w=],2 3 = principal guantum number
iv] The energy is radiated in the form of a phaton, only when an electron jumps from
an orbit of higher cnergy 1o an orbit of lower energy.
W E and E, be the enerpies associated with the orbits of principal quantum numbers 4

and n, respectively (m. =>n ). then the amount of epergy radidled 10 the form of a photon

is given by,
h=F —FE |
| Y TR O |

where, v is the freguency of the emined radiation

- POLY-AF
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NOTE: v
We have designed the complete INTRODUCTION TO IT SYSTEMS wi
material in accordance with new syllabus under WBSCTE. Hence we arel
providing chapterwise model questions and answers along with new university |
paper, 5o that students can get an idea about WBSCTE questions pattern.
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of higher shell of the alom and in the process energy of thie process energy of the elestron

of higher shell is emiwed lies in the X-ray region and so it Ts known as characteristic -
ray photon.

= 10. Write Bohr's theory of electrons in his atomic model. [Model QGuestion]
Answer:
Niels Bobr applied Planck's quantum theory of radistion to Rutherford™s atomic model,
which lacked stabilitv. He made the following assumptions, known as postulafes of
Bohr’s model of atom:
i1 Anatom has 2 small positively charged ceniral core called nucleus, where whole
mass of the atom 15 supposed to be concentrated.
if) The electron revolves round the nucleos in fixed orbits of definite radii and as
long as an electron is in 8 cenain fixed orbit, it does nol radiate any energy,
These orbits are called stationary orbits and they have definite amoum of energy.
iii) An electron can revelve only in these orbits, in which its angular moment is an

imtegral multiple of _:—; ¥

This 1= Bohr's guaniization condition for angular mementum. Here,
m=mass of the electron.
v =velocity of the electron,
r = radius of the orbir,
h =Planck’s constant and
n=1.2,3, .. =principal quantum number
iv]) The energy is radiated in the farm of a phatan, anly when an electran jumps from
an orhit of higher energy to an orbit of lower energy.
If £ and £, be the energies associated with the orbits of principal quantum numbers 4

and n, respectively (#. = ). then the emount of energy rediated in the form of a photon
is given by,

where, + i the frequency of the emited radition

INTRODUCTION TO
IT SYSTEMS

NOTE:

We have designed the complete INTRODUCTION TO IT S?STEMS course
material in accordance with new syllabus under WBSCTE. Hence we are
providing chapterwise model questions and answers along with new university |
paper, so that students can get an idea about WBSCTE questions pattern. J




i INTRODUCTION TO [T SYSTEMS ITS.2
Chapter 1: Basic Internet Skills & Number
System

Chapter at a glance:

111in t & Intranet

When two or more netwarks are connected. they become an internetwork, or internet.
The most notable intemnet is called the Imtemet, a coliabaration of more than hundreds of
thouse‘mds of imterconnected networks. Private individuals as well as various
qrgan_matims such s government agencies, schools, research facilities, carporation, and
libraries in more than 100 countries use the internet.

1.2 Number System

A num_ber system is & framework where a set of numbers. are represented by numerals in
| i consistent magner. Ex: Decirnal Number System, Binary Number System
Ideally, a Number system will:
* Represent a useful set of numbers (e.g. all whole numbers, integers, or real
numbers)
* Give every number represented a unique representation {or at least a standard
representation)
*  Reflect the algebraic and arithmetic structure of the numbers,

The division method calculates the least significant bif first,
Let D be a decimal number such that:

D=8

Converting ft into a binary number - where ris 2,
Steps Chuotient Remainder

Ras2 42 [t}

4272 21 L]

2172 1] |

oz 5 o

32 2 I

22 | 0

112 0 1

The numbser is : (84),,= (1010104),

POLYITS
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1.4 Logic Gate

Logic pate is #n electronic circuil, which makes logic decisions.
= . [t has one output and one or more inputs.
¢ The output signal appears only for certain combinations of input signals.

Typeys of Gales
OR Gate. AND Gate, NOT Gate, NOR Gate, NAND Gate, EX-OR Gate /KOR

* Gate / Exclusive OR Gate.
*  XNOR Gate f EX-NOR Gate/ Exclusive NOR Gate.
ITherf. are just three basic gaes- AND gate, OR gate, and NOT gate.

Truth Table: This table gives the output of all possible input combinations.

1.4.1 OR Gate

The OR gate, which is composed of two or mare inputs and a single cutput, performs

logial additon.
Symbel of OR gate: Truth table:

- A B A+B

A" TN 0 0 0

| e A*R

ne /,-‘ 0 | I

D I 0 i

Logic Equation: Y=A+B ! ! !

1.4.2 AND Gate

The AND gate, which is composed of two or more inputs and & single output, performs
logical multiplication

e e ——

Symbol of AND gate: Truth table:
o A B AB
b — y — e C—
4 AR 11 0 0
IO——_ - 0 i 0
Logic Equation: Y=AB : ';' ?

1.4.3 NOT Gate

The inverter (MOT eircuit) performs a basic logic function called inversion or

complementation,

POLY-ITS
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Symbol of NOT gate: | Truth table:

i A
%G—Du —oA ’ 0
1

Logic Equation: A=A

o| =3 ||*

1.4.4 NOR Gate

The NOR gate, which 15 composed of twa or mare inpuls and a single output, also has

universal property. The term NOR is formed by the concatenation NOT-OR and implies
_an OR function with an inverted output.

Symbo!l of NOR gate | Truth table:
A ._T.,'_"H. A " A+B
. Toe X 0 D 1
0 [ 0
Ll | ] ]
Logic Equation: Y=A+B L . 0

1.4.5 NAND Gate

The NAND, which is composed of two or more inputs and a single output, is a very
papular logic element because it may be used as a universal function. The term NAND is
formed by the concatenation NOT-AND and implies‘an AND function with an inverted

autpul

Svmbol of NAND gate: Truth tablc:
wa=—=l = N & = AB
| —ea AR 0 i} ]
=3 [T - i 1
Logic Equation; Y=A.D | i 0

1.4.6 EX-OR Gate
The exclusive-OR or XOR gate has two or more inputs. In general, an XOR gate gives an
output value of | when there are an odd number of |'s on the inputs to the gate.

POLY-ITS
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Symbol of the XOR Ciate Truth Table: |
A H AGBB

A ABE ] 0 [1]
. U I |

[ 0 T

; : A : 1 i a |

Logic Equation: ¥ =A@B=AD+AB = )|

The exclusive-NOR or XNOR gate has two or more inputs. The output is equivalent to

inverting the output from the exclusive-OR gate described above, In general, an XNOR
gate gives an outpul value of | when there are an even number of ['s on the inpuls 1o the

gane.

Symbol of the XNOR Gate Truth Table: |

*@H AT B A@B-A0B ||

Al

L 0 1] 1

S o ——]

LogicEqualion:?:ﬁ@ﬁ:ﬁ&iB:ABhﬂ.B \ 1 1] — [: |
| 1

1.5 Universal Gates
By this ate all the Boolean function can be implemented i.¢. all the digital system can be

implemented.

MND Crate and NOR Gate are two universal gates,

NAND Gare as a Unh’ersaf Care

NOT Gate using NAND | AND gate using NAND | OR Gate using NAND

Gale  * Gute = Gate
e A Y Ej Y=a8

POLY-ITS
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_1 LB NOR s iversal Gate

NOT Gate using NOR OR gate using NOR Gate AND Gate using NOR
Ciate Ciate

1.7 lean Algebra .
Boolean algebra is an algebraic logic which deals with logic variable. This logic variable
having only two values | and 0 alternatively “TRUE” or FALSE".

ic Definitions

= Boolean constants

Boalean constant have only 2 value e, Dand 1 or True and False,

* Boolean Variable

Boolean vaniables are same as ordinary algebra i.e. X, ¥, Z etc, which represent real

numbers. Boalean variable having only two valuesie Oand |,

B Boolean Operation (Boole & Identifi
Several operation like AND, OR, NOT, XOR, XNOR eic. which is known as Boolean
function,

1.8.1 Commutative law

. A+B=B+A

2 A[R=RBA A binary operation is commutative if changing the order of
1. ABB=BEA the operands does not change the end result,

4 AGOB=BEA

A hinary operation 15 associative if the order in which

1.8.2 Associative law the operations are performed does not matter as long as
l. A+(B+C)=(A+B}C the sequence of the operands is not changed. That is,
2. A(BC)=(A.B).C rearranging the parentheses in such an expression will
3. A®(BEC )= (ASB) & C not change its value,

Note: NAND & NOR function are not associative.

T I‘b ve 'f' albre) = ab + ac This is called the Distributive Law
2-' 1=ABHAC Distributivity is a property of binary operations that
: -":'(B-C} = (ATB). (A+C) | generalizes the distributive law.

Prl.r-ITS
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. A=A A double negalive occurs when two forms of negation are used in

the same value,

1.8.5 Identity law )
LAA=A 2AFA= A 3 A+A =1 4. AA=D
1.8.6 Redundancy law
.A+tAB=A 2 A(A+B)=A

! em
Siarenreni 1:

It is state that complement of the sum of variable is equal 1o the product of the complements
of the variable. :
Praof ie. AtB=A B

— =]
—loi=lo| @
=

2 o]

3|

=

>

|7

|| o] =] @l
N [

o] ——=| =l

=T E=d =1

I |
From the truth table we see that A+B = A B

Staterment 2; .
It state that the complement of the product of variable is equal to the sum of the

complements of the variable.
Proat: e ALB=A+

AB AB AB |

A

A
|
1
0
(1

== e =|=l @I

“
| —f | 0

- ===

| | | —
[ | s | -

From the teuth table we see that A B =A+8

The various standard forms for logical functions are:-
(1) Standard Sum of Product Form.
(i} Standurd Product of Sum Form.

i m nction
niSu ti b| ra b A
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Additio i 51 [
won and subtraction are similar algorithms, Taking a look a1 subtraction, we can see

that:
d—b=g +{—b h

Lsin is £ ; .

b 2 ::;sqsllmr:th: reta'rmnshm.l we can see that addition and subtraction can be performed
va!uf af EF;:H:L oo Usl.ljg this setup, however, care must be taken 10 invert the
etk an?;-\md _'UP‘-'-TH‘-“'EI it we are performing subtraction. Note alse that in twos-
must be added 1 F'TE:C' ”:f value of the second aperand must not only be inverted, bu |

ot For this reason, when performi i . ;

L5B should be a 1 and not a zero. perfarming subtraction, the carry input into the

A By
Ay By

'l" 'II' . -¢¢ i ‘: t (4
:"-::I: U-by I-bud
o, | Adder [ ol - full {

(I

5 L

Sa

Steps for adding and subtractin ation
g numbers in s !

o e e v In signed 2's complement representatic
Steps for addition
?‘ep i The augend is put in AC and the addend is put in BR

fep 2; 1T any of the number | i ils 2" :
by is niegative, then its 2's complement representalion must be
Step I: The sum is obtained b i

ep . y adding the contents of AC and BR (i i ir &j
bits) in the parallel adder and complement block, R
Step 4: The result is stored in AC. If the XOR of the last two carries is 1, then there is
:n‘ynut and the overflow bit V is set 1o | (else it is cleared 1o (), : ot
n:'p S:0F rhm:c s |un overflow then the carryout bit must be discarded. If the resull is
| ﬁauw: }h::n is 2 s.comp!crnent must be considered 1o get the actnal positive numhc;'
and then its negative integer representation is considered s the ullimate result

Steps for subtraction

gip j ':';iz minuend is put in AC and the subtrahend is put in BR.

con‘:id'mdm,{l?r the number .'rs negative, then its 2°s complement representation must be
- Also the subtraction operation js accomplished by adding the conten| of AC

P r-Iry

to the 2's complement of B. This is because, taking the 2's

kills & M am ITS.9
complement of B, has the

effect of changing a negative number 1o positive and a positive number o negative
Step 3: The result is abtained by performing the computation in the parallel adder and

complementer block.
Step 4: The result is stored in AC. An averflow iz checked similarly.

Step §: The carryout bit must be discarded provided there is an everflow,

1.14 Components of Computer system — Structure of CPU, function

of Me nit it

o Central Processing Umt (CPU)

« Memory Unit
s 1O {input-output) Unit

Central
Processmg Vet | y0ctions
Progrom
Cantrol Unig Rty Inpat
l Unit (utpul
Linit
Arthmene ]
Laosae Linit
Digta
Struetire and Functions of the Different Units af a Digital Computer
fa) Memory Unir
& data. It is also called the Random-Access

Its purpose s to store both instruciions

Memory (RAM) because the CPL] can access any memaory |ocation at randam.

b CPU
It acts as
a computer. The two main units of a CP

Comrol Linit. The important parts of CPL are: |
(i) Arithmetic Logic Unit {ALU): It performs instructions related 1o anthmelic

operations like ADD. SUB, MUIL. ete. and logical operations like AND, OR cte.
{ii) Program Control Unit (PCL): i interprets & sequences imstructions e,
interprets & sequences which instruction in a program is (o be exccuted first,
(iif) Register Sers: | hese are collections of registers that swore data.

the brain of the computer and performs the bulk of data processing operations in
\l are the Arithmetic Logic Unit and the Program

fe) Inpra-Quput (1/0) Unit

PO P-ITE
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This unit provides an cfficient mode of communication between the central system
(camputer) & the outside environment. Through the 10 unit, programs & dma must be
enfered into computer memaory for processing & results obrained from computations must

be recorded or displayed to the user.

( Short Answer Type Questions ]

A. Choose the correct answer from the given alternatives in each of the

following:

L A hard disc is divided imto tricks, which are further sub divided into  [WBSCTE 2022)

{a) Clusters
Answer: (b)

() Sectors

1. Binary equivalentof 97, is
{a) 1 TUm00 (B) 1100001
Answer: (b)

3. Perion of information processing cycle in whieh computer acquires data from some

source is called
{a) Input (b) Outpui
Answer: (a)

4. The expression Y = (A+BYB+CHC+A) shows the -

[a) AND (b) POS
Answer: {h)

5. Type of software used to create slideshow is

(a) Web design software
(c) Word-processing sofiware
Answer: (b)

6. Smart phone is an example of
(2] Personal computer
(¢} Mainframe computer
Answer: (d)

7. Top listed super computer is

(€] Vectors (d] Heads
[WESCTE 2022]
(e} 1100010 (d) 1100011

[WBSCTE 2022)

{c} Processing {d) Storape

aperation,

[WBSGTE 2022)
(c) SOP {d) NAND

[WBSCTE 2022
(b} Presentation safiware

(d) Spreadsheet sofiware

[WBSCTE 2022]
{b) Analog computer
(d) Super computer

[WBSCTE 2027)
POLY-[TY

8. The three main components of a digital computer system dre —

B Internet Skil Mumb tem ITS.11

(a) Sunway tathulight (b) Sequeia (c) Cori {id) Mira

Answer: (a}

[Model Question]
(b} ALU, CPU, Memory
(d) CPU, Memary, 1O

{a) Memory, 10, DMA
{c) Control Unit, ALL, Register

Answer: (€)
9. The dual of the Boolean theorem AAB+C] is - [Model Question]
(a) A+ (B.C) = AB+ALC (b] A(B+C) = (ATBNAHC)

{c) A+ (B.C) = (A+BL(A+C) {d} none of these

Answer: {€)

10, The universal gate is- [Model Question]
(a) NAND gate (B)OR gare
ey AND gate (d) Nane of the ahove

Answer: (a)

11. The inverter is - [Model Question]
(4) NOT gate (b)Y OR gate
{e) AND gate (d) None of the above

Answer: (a)

12. The inputs of 2 NANID gate are connected together. The resulting cireuitis —

[Model Question]
{a) OR gate (b) AND pate
{c) NOT gate (d) None of the above
Answer: {d)
13, The NOR gate s OR gate fallowed by= [Model Question]
{a) AND gate (b) NAND gare
{c) NOT gate {d) None of the above
Answer: (¢)
14, The NAND gate is AND gate followed by [Modat Question]
NOT gate (b) OR gate
E:; AND E:;ate {d) Nome of the above
Answer: (a)
POLYAITS
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15. When signed numbers are used in binary arithmetic, then which one of the follewing
notations would have unique represemiation of zero —
Model Question]
{a) magnitude (b) I's complement (¢} 2's complement (d} none

Answer: (a)

16. A logic circuit that provides a HIGH output for both inputs HIGH or both inputs
LOW isafn) - [Model Question]
(a) EX-NOR gate (b)OR gate  (¢)EX-OR pate (d)NAND gate

Answer: {a)

7. A logic circuit that provides a HIGH output if ene input or the ather input, bt not
both, is a HIGH, is a(n)

[Model Question]
{a) EX-NOR gate (b} OR gate
(c) EX-OR gawe {d) NAND gate
Answer: (¢)

18. [dentify the type of gate below from the equation X = AT B - 45+ AF -
[Medel Question]

{a) EX-NOR gate {b) OR gate
(¢] EX-OR pate {d) NAND gate
Answer: {¢)
18, Which type of gate can be used to add two bits? [Model Question]
() Ex-OR (b) Ex-NOR {c) Ex-NAND (d)NOR
Answer: (a)
20. Why is an exclusive-NOR gate also called an equalit v pate? [Model Question)
(a) The output is false if the inputs are equal
(b) The otrput is true if the inputs are opposite
(c) The output is frue if the inputs are equal
Answer: (b)
Z1. A NAND gate is called a universal gate beciuse [Model Question]
{a) many computers use this gate
{byany function can be realize by this gate
(e} all minimzation techniques are applicable to this pate
Answer: (h)
POLF-fTS
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[Mode! Question]

This figure is the symbol of a -
{a) OR gate, (b) NOR gate,
Answer: (c)

(c) XOR gate.

ini TNAND gates required to realize a XOR gate is -
23, The minimum number of | gates req A

(a) 4 (b} 5 (c)6
Answer: (b)

[Model Question]
(¢} Aristotle,  (d) Shannon

24. The first contribution to logic was made by -
(a) George Boole, (b) Copernicus,

Answer: (a)

25, Which logic gate is similar to the function of two series switches? [Model Question]
(a) AND {b) OR {c) XOR (d)y NAND

Answer: (a)

26, The minimuin number of NAND gates required 1o implement A+AB'+AB'C is equal
o— [Model Question]
{a)0 (b1 (€)2 (dy 4

Answer: (a)

7. The Boolean expression AB+AB+AC+AC is unaffected by the value of the Boolean

variable — Model G’-IH_ tien]
. (A (b)Y B (c)C (d) all of these
Answer: (d)
28. A+B can be implemented by using - . [Model Question]
(a) AND gates only (b) XOR gates only
{¢) NAND gates only (d) none of the above
Answer: (c)
24, The dual of x.0=0 15 - [Madel Question]
(a) x+1=1 (b} x+0 =x ()xtx=x (d) x.0=0
Answer: (a)
POLTITS
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30. Which of the following gate can be used as a controlled inverter!  [Model Question]

{a) AND (b) OR (¢} XOR (d) NAND

Answer: {c)

1. Any combinational circuit can be designed using - [Model Question]
(a) only NAND (b} AND and QR (c)only AND

Answer: {a)

32, Exponent in flogting point number can be represented by Model Question]
(a) Sign-magnitude form. (b) I's complemented from,
(e) 2 complemented from, {d) binsed form.

Answer: (a)

33, A subtractor is not usually present in & compuier because — [Model Question]
{a) It is expensive (b} Itis not possible to design it
() The adder will take care of subiraciion

{d) Mane of the above
Answer; (c) .

34. Processors of all computers, whether micro, mini or mainframe must have -

[Model Question]
(a) ALU {b) Primary Storage fe) Contral unil {d) Adl of these
Answer: (d)

35, Processors of all computers, whether micro, mini or mainframe must have

* [Model Question]
{a) ALU (b} Primary storage
(¢} Control Linit (d)jall of these
Answer: (d)
36. A group of 4 bits is known as - [Model Question]
(@) a nibble (bya byie {e)abit {(d} an octal number
Answer: (a)

37. The binary equivalent of the hexadecimal number AOBS is —  [Mode! Question]
{a) 10100001010 (hy 1001 101101001010
(c) 10100000101 10101 (d) 101100001 1000101

Answer: (c)
38, Decimal number 173 is represented 10 natural BCD as — [Model Question]
(a) 1101 (hy 0001001 {c)00001 101 {(d)yooariol

Answer: (a)

PO F-ITS
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39. The gate ideally suited for bit comparison is a - . [Model Guestion]
{a) two inpul X-NOR gate {h) two input X‘Ull-l gate
(e} two input NOR pate (d) two input NAND pate

Answer: (a)

40. The binary equivalent of 576 is - [Model Cuestion]
(&) 110000000, () FOOGOO00TH0, (2] OO0

Answer: (c)

41. Which of the following 4-bit combination is invalid BCD?- [Model Cliunl:tnn]
fay 0101 (b} 1010 {c) 1001 {dy 00T

Answer: {(b)

42. The expression (A + AB) can be written as - [Model Question]
(i 4 (b) B (c) A+B (d) A

Answer: (c)

43, The dual of (AB + CD): . {Modal Question]
(a)(A+B)(C+D) (M{A+B+C+D)

Answer: (a)

44, Laws of tautology states - Model Question]

(@) Ad=Adand A= A=A (b) A.A=A and A+A=A

)AA=AandA-A— A

Answer: ()

45, Miuirnia.aliﬁu of Boolean logical expressions helps to reduce — [Maodel Guestion]
(a) Space (b)Y Cost {¢) Number of gate  (d} Allof
these

Answer: (d)

' Coy,

46, Which of the following does not represent Boolean algebra np:rasmr[:l i i
{a) AND (b)Y OR () NOT (d) XOR

Answer: (d)

ode| Question]
47, T'ri-sate buller has — ; [:ﬂ i
(a) 3 output states () 2 output states  {¢) 1 output statest ) o outpu

Answer: (a) POLY-ITS
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48, Reflected code is -
(2] gray code (b) binary eode

Answer: {a)

49, In octal system the value 2° {5 —
{a) 20 (b) 40 (e} 3
Answer: (d)

ITS.16
[Maodel Question]

[Model Question]
(d} 100

5. In binary code, shifling a register to left by ane bit position is equivalent to —

(a) subtraction by 2
{¢) division by 2
Answer: (c)

{by addition by 2
(dy multiplication by 2

[Model Question]

B. State whether the following statements are True or False:

5L Av(BC)=(A+B)A~+C)
Answer: True

51, A+AB—-A
Answer: True

83. A+ B+C=ABLC.
Answer; False

£4. Aceording 1o Boolean laws A+ 4 =1
Answer: False

55, The parity of the binary number 11610110 is odd.
Answer: True

56, The dualof A + | = | is A™H0=0
Answer: False
[dual is A.0=0]

57. In 2°s complement representation, MSB is the sign bit,
Answer: True

58, Decimal number 90 equals 01011010 in 2's complement
Answer: True

[Model Question]

[Model Question]

[Mode! Question]

[Model Question]

[Model Question]

[Model Question]

[Model Question)

[Model Question)]

POLY-ITS
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59, A 's complement adder can add and subtract.
Amnswer: Truoe

60, The binary equivalent of 576 15 1 1OGOBOO0D
Answer: False

61. The binary equivalent of 247 1= 110000010
Answer: True

62. A 4-variable Karnaugh map for SOP form has 16 cells.
Answer: True

63. In 2 Karnaugh map, adjacent pair eliminates single variable.
Answer: Truoe

64, Max-term expression directly yields OR-AND logic eircuit.
Answer: True

65. A NOR gate is equivalent to bubble input AND gate
Answer: True

66, ANAND gate is equivalent to bubble mput OR zate.
Answer: True

67, 1 any input is low in an AND gate, the output is high
Answer: False

6. In a NOT gate the output is equal to magnitude to input,
Answer: False

ITS.17
[Model Questian)

[Model Question]
[Model Question]
[Model t:lues'uon]
[Model Question]
[Model Question]
[Madel Question]
[Model Question]
[Model Question)

[Model Question]

69, A two input XNOR gale recognizes these words which has similar inpurs.

Answer: True

70. XOR gate is used as a controlled inverter
Answer: True

71 NAND and NOR gates are called universal gates.
Answer: True

[Model Question]
[Model Question]

[Model Question]

POLT-ITS
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71. Universal gates consume more power than other gates [Model Question]
Answer: False

73. XOR gate is used both for parity generating and checking purposes

[Medel Question]

Answer: Troe
74, In a XOR gate. if odd number of inputs are high. the owput will be ligh.

[Model Question]
Answer: False
75. A controlled inverter transmits a binary digit or its complement.

[Maodel Question]
Answer: True
76. ln an AND gate, if any input is low. the output is high. [Madel Question)
Answer: False
T7. In & NOT gate, the output always follows the input. [Model Question]
Answer: False .

78. An OR operarion in negative logic is equivalent 10 AND operation in positive logic

[Madel Question]
Answer: True
C. Fill in the blanks in the following statements:
79. 1 nibble = 4 biis? [Modal Question]
80. (£5), =( 229 ) [Model Question]

18 S———
Himts:
ES, =(Ex16)+(5x1)=(14x16)+(5x1)=224+5=229
D. Answer the following questions:
81. What is binary equivalent of (24.625)” [Model Quaslion]
AnSWer:
Conversion of (24,625 ), 1o binary
24/2 =12+ remainder 0 {Least Significant Bir) ¢
12/2 =6+ remainder 0 ]
6/2 = 3 4 remainder 0 Q )
POLY-ITS
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312 =1+ remainder I |
(5 ] = () + remainder I | {Most Significant it)
Result 24, = Lm0,

Fraction Mumber Product Fractional Par Integer Pant
0.625 D625%2=135 0.23 | MSB
0.25 0252 =05 1] a
05 05=2=] /] I LSB

(24.625);0 i5 egual w (11000101 )

B82. Simplify the following logic expression using De-Morgan's rule Y= (A+B+AB)?

[Model Question)]
Answer:

Y=A+BrAB
Applying De Morgan's rule, weget
V=ATBIAB
= =AB-AB
= = AB{A+H)
= =(AsBeA}HABeB)
> =(AB)H(A-B)
= =(AB)1(AB)
=5 =[I-_El
=

A+B

83. For a three or four variable Karpangh map, what is the code used for column

and row headings? . [Model Question]
Answer: Gray code

84, Which code is used in Karnaugh map simplification? [Maodel Question]
Answer: Gray code

B5. For 8-variable K-map, how many numbers of cells are created?

[Mode! Question]
Answer: 2°=256

B6. What is an intranet? What is the Internet? [Mouel Question]

POLT-ITS
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Answer:
When two or more networks are connected, they become an internctwork, or intemet.
The most notahle internst is called the Tntemiet, a collaboration of more than hundreds of
thousends of intercomnected networks, Private individuals as well as various
grganizations such as government agencies, schools, research facilities, eorporation, and
libraries in more than |00 countries use the tlemel.
B7. Describe networking, [Model Quastian]
Answer:
Networking refers 1o the inter connection between computers and peripherals for data
communication. Networking can be done using wired cabling or through wireless link.
8%. Differentiate among Internet, Intranet and Extranet. [Model Question]
Answer:

+ Intranet is shared coment sccessed by members within 2 single organization,

* Extranetis shared content accessed by groups through cross-enterprise

boundaries.

e Internetis global communication accessed through the Web,
B9, Discuss binary number system. [Model Question]
Answer:
In mathematics and digital electronics, a binary number |5 8 number expressed in the
burary numeral system, or base-2 numeral system, which represents numeric values using
two different symbols: typically 0 (zero) and | (one). More specifically, the usual base-2
system is a positional notation with a radix of 2. Because of its siraightforward
implementation in digital electronic circuitry using logic gates, the binary system is used
internally by 1most all modemn computers and computer-based devices such as mobile

phones.

90. What is the unigue characteristic of NAND & NOHR gate?
Answer:

NAND & NOR gates e the universal gates, 1.e any logic cun be designed by any one
type of those gates,

Mode| Question]

91. Which gate does perform controlled inverter operation? [Model Question]
Answer:
XOR gates performs the operation of the controlled inverter.
92. Which type of gate can be used to acd two bits? [Model Question)
Answer:

POLT-ITS
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OR gates can be used 1o 2dd 1wo bits,

93, Name the CPU registers,
Answer:

Actually A Register in CPL terminalogy is small Named chunk of memory Available
inside @ microprocessor (CPU), Registers have specific names, sizes and functions varies
from processor to processor, for example, if wke 8085 microprocessor is an B-bit
processor which has 8-bit Registers{ A:Accumulator, B,C,D.E, H, and L. Régisters and
one flag register all are 8-bit). Two 16-bit registers PC and SP all are having special
function and functions comes into the piclure during assembly programming. Few
registers control is beyond the programmer. [f vou take another processor Registers will

vary let say 8086 is 16-bit processor and it has AX, BX. CX and DX all are 16-hit, PC,
5P and Flag registers,

[Model Question]

( Long Answer Type Questions j

= 1. (a) What are the meant by 1's and 2's complements of 4 binary number? Add
the following numbers using the 2's complement method:
(i) —48 and +31

(i} —64 and +46
(b) Name the gates that are used as universal gates. Explain with example.
[WBSCTE 2027)
Answer:

(a) 1's complement of a binary number is another birary number obtained by toggling
all bits in it, i.e., transforming the 0 bit to 1 and the | bit to 0.1n the 1's :nm'pl-em:-m
format . the positive numbers remain unchanged . The negalive numbers are ohtained
by taking the 1's complement of positive counterparts.

‘For example +9 will be represented as 00001001 in eight-bit notation and -9 will be

represented a< 11110110, which is the |'s complement of 00001001

2's complement of a binary number is 1, added 10 the 1's complement of the binary
number. In the 2°s complement representation of binary numbers, the MSB represents
the sign with a 0" used for plus sign and 8 *1° used for a minus sign. the remaining bits
are used for representing magnitude, positive magnitudes are represented in the same
Wity as in the case of sign-bit or I"s complement representation. Nepative magnitudes
are represented by the 2°s complement of their positive counterparts

POLY-ITS
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Examples:
2's complement of "01 11735 " 1001
2's complement of "1 100" 15 "0100"

i
(48} = (001111)
(31) = (01

+ |

100010 — 2's complement

S Answer is — (100010)
ii)
(-84} = (100007 )
(45) (101110)
+ 1

10011 — 2"s complement

s Answer is — (10011)
(b) NAND Gate and NOR Gate are two universal gates.

NWAND Gate as a Limversal Gate
NOT Gare using NAND Gate

AND gate using NAND Gare

AB
YeA B,

A
B

OR Gate using NAND Gate

=
A
' w
— >+
Using Demorgan s theorem

Y=A.B=4+B=A+8

POLY-ITS
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EX - OR Gaie using NAND Gare
Ib| —inn

=

Y= A.AB.B.AB
Lising Demorgan’s 2™ theorem

NOR Gate as a Universal Gate
NOT Gate using NOR Gare

OR Gate using NOR Gale
A AtB VeAE

B

AND Gare using NOR Gare

Using Demorgan's 1™ theorem

¥=A+8
Y =dA.B
Y=4A_8

ITS.23

POLY-ITS



m: INTRODUCTION TO IT SYSTEMS ITS.24
< 2. Write short note on type of software. [WBSCTE 2022]
Answer:

Among the various categories of software, the most common types include the following:
«  Application software;

The maost commaon type of software, application software is 2 computer software package
that performs a specific function for a user. or in some cases. for another application. An
application can be self-contained, or it can be a group of programs that run the
applicanon for the user. Examples of modem applications include office suites, graphics
software, databases and daabase managemem programs, web browsers, word processors,
software development tools, image editors and communication platforms.

s  System sofrware:

These software programs are designed to tun a computer’s application programs and
hardware. System software coordinates the activities and functions of the hardware and
software..In addition, it controls the operations of the computer hardware and provides an
environment or platform for-all the other 1ypes of software to work in. The (35 s the best
example of system software: it manages all the other computer programs. Other examples
of system software include the firmware, computer language translators and
svstem utilities.

= Driver software:

It is also known as device drivers, this software 1s ofien considered a tvpe of system
software, Device drivers control the devices and peripherals connected to a computer,
enabling them to perform their specific tasks. Every device that is connected to a
computer needs at least one device driver to function, Examples include software that
comes with any nonstandard hardware, including special game controllers, as well as the
software that enables standard hardware. such as LUSB storape devices, keyboards,
headphones and printers.

*  Middleware:
The term middlewere describes software that mediates between application and system

sofiware ar berween two different Kinds of application software. For example,
middleware enables Microsofi Windows to talk ta Excel and Word, W is also used to send
a remole work request from an application in a computer that has one kind of ©S, W an
application in & computer with a different OS5, 11 also enables newer applications w wark
with lepacy ones.

= Programming software;

Computer programmers use programming software 1o write code, Programming software

and programming tools enable developers to develop, write, test and debyp other
T F-ITA
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software programs. Examples of programming sofiware include assemblers, compilers,
debugpers and interpreters.

= 1. (a) Draw the logic diagram of an Ex-OR gate and discuss its operation.
(b) Prove that: [WEBSCTE 2022]
ABC + ABC + ABC + ABC =C
Answer:
(a) The exclusive-OR or XOR gate has two or more inputs. In gem,‘mi. an XOR paie
gives an output value of | when there are an odd number of 1's on the inputs 1o the gate.

Symbol of the XOR Gale ‘ Truth Table
. A B | A®R
i ARD |8 0 (1
0 | |
g e == [ 0 i
Logic Equation; Y = A®&B=AB+ AB 1 [ 0

(b)  ABC +ABC + ABC + ABC  (L.H.S)
=IE(E+H]+AE(§+3]
=AC 1+ AC-| L A+d=1. B+ B=]

=E‘(i+,4}=c=n.u.5
ABC + ABC + ABC + ABC=C [Proved]

- 4. (=) What is a gray code? Why is it important? Express the following number
i Gray code from: i) 15 i) 27 [WBSCTE 2022]
{b) Prove that:

AB+ AC + ABC(AB+C) =1

Answer:

(u) The Gray Codeis a sequence of binary number systems, which is also known

as reflected binary code. It is a non-weighted code. In this code a decimal number is

represented in Binary form in such a way such that each gray code number differs from
the preceding and succeeding number by a single bit. This code is a reflected code.

Presuming the question is abowt Gry Cedes, aka reflected binary code, the primary

benelit Is that it requires only a single binary digit 10 change when incrementing or

decrementing a binary number. That is, the Grey Code representation of X (base 10) has

N binary digits in it. The Grev Code representation of either X-1 or X+ requires only a

single binary digit to change, out of the N digits, which make up the number. Normal
POLY-ITS
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binary code can require up to all N digits to change when adding or subtracting a single
incremment. The advaniage here 15 cleanliness, in particular for mechanical and electrical
Clrcuits.

" Decimal Number ' Tﬂ-lm Number Gray code
I 15 1 1000
| 7 L1011 110

(BYLHS, 4B+AC + ABC(4B+C)

= AR+ AC + ABC - AB+ ABC-C

= AB+A+C+ABC [[48)+7+F FROM De-Morgan's #-8=C
A+B+C+ AB
=A+AB+B+C A+ AB=1+ B (Redundant Literat rule) 1+ 4=1]

-4+(B+B)+C=A4+C+1=1=RHS.

2 5. What are address, data and control bus? [Model Question]

Answer: N
Data Lines: These lines provide & path for moving data between registers. These are

designed to transmit all bits ofan ni-bit word in parallef. So, they either consist of two sets
of n-unidirectional lines or a single set of n-bi-directional lines

Datz lines are collectively calléd the duza bus. This bus of size *n’ is usually a mu]lip!c of
B, with n = 8, 16 or 32 etc. separate lines. Since each line can carry only 1 bit at a time,
the number of lines determines how many bits can be mansferred at a time.

Example with Diagram

Let us now consider an example. In fig, there are four registers A, B, C and D with four
bits (3, 2, 1, 0) each connected by o comman (shared) bus system

Hegubier A Hegister H Kegister Regiser 13

3310 32l 0 31 0 iziee

As each line of the data bus can carry one bit al a time, so the data bus must have either
two sets of 4 unidirectional lines [i.e 2%(n=d) = 8] or 8 lines, oul ul which one set (i.e. 4

lines) Will transmit data in the Forward direction & the other set will transmit data n the

POLY-ITS
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reverse dircction. Otherwise, the data bus will have 4 {i.¢. 1 set) bi-directional lines
Number of hi-directional lines in the deta bus = number of bits in each register.

Address Limes: Address lines of the bus are used to transfer the addresses of the source
register sending the data and the destination register receiving the data. Address lines are
collectively called the address bus.

Example

Consider Fig. Suppose register A is sending data 1o register C. So via the addiess lines of
the bus, both the sender’s address (i.e. repister A) and the receiver’s address (j.e. register
C) are transmitted 10 let all the registers sharing the bus identify the sender as well as the
receiver of the data.

Conrrol Lines: These lines, transmitting control signals, are used w control the access ©
the data & address lines i.e. control lines select which register. out of the multiple
registers, will transmit its information through the bus.

Also control lines are used to wransfer timing signals & satus infurmation sbout the
registers in the system as well a3 (o indicaie the tvpe of information present on the data
lines.

Since all registers share the data & address lines, there must be means of controlling their
use, which is done by the control lines,

Example

Fig shows the control lines of the shared bus among the 4 registers.

< 6. Perform the operntion (20) — (5) by using 2's complement.  [Model Question]
Answer;

ket us assume given number is represented by 8-bit representation.

200 is given by 00010100 while =5 in its two's complement representation is given as
11111011, On addition of these two numbers the result obtained is 171181110 or —18 (the
two's complement form of the result is 00010010 which is hinary equivalert of + 18
hence -1 8 is the result),

Converting decimal 1o binary,

L20) = (OO0 000,

(50 = (00000101,

Apain 2's complément of (0B0001G1); = (11111011},
Adding both numbers,

lgnoring the carey bitwe pet (00001111 = (15),

D 7. Realize the Hoolean expression using busic gales [Model Cuestion)
Y=< CUAB+ AR+ C)

POL F-ITS
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Adawiars Answer:
e F = ABC + BCD + ABC
Y =C{AE 4 AB+C} Put the value of AB,C from the truth table and get the output F
A a € A B [S D F |
T R I O I
| , Y, [} i [ 1 Jo |
L 1 _—— AB 0 [0 |1 o 0
— - B 21 0 |0 |1 T
I e ABSC | XERE 0 i 0 0 |0 |
' —_— 7 ] 0 i 0 | i |
|
— 0 I ] K
- 0 1 ] | ]
L‘_\ I ] a 4] o
. ¥ i o |0 1 )
|  — k- L . T [0 |1 [ [
i [0 1 1 0
= 8. Prove the following: [Model Question] i i ) 0 0
(i) A+4AB+AB=4+B i 1 0 RE
(ii) (4+BYXA+C)=AC+AB : L : ': ;
Answer: .
(()LHS: (A+ AN A+ B)+ AB [By disributive law] S 10. Prove the following: e |
= (A+BJ+AB, Since A+ A =1 (i) (AB +C + DXC + DYC + D+ E)= ABC + D
= A+B+ A48 Answer:
> A+ AB+ B *(AB+C + D)T + DNC + D+ E)
= A(1+ B)+ B [ 1+ B =1] =(ABC +CC +CD+ ABD + CD + DXC + D+ E) [-€C=0& 48D+CD+ D=D)
= A+ B=RHS =(ARC +CO+ DXC + D+ £)
= = : =BT 4+ I(C 41JC D+ E)
(i) LHS : A4+ AB+ AC+ BC AABE 4 DYE + D4 By
AB+AC +BC [vAA=0 T o
_ " . _[ ] = ABC +CD+ ABCD + D+ ABCE + ED
imi < HGA A =ABCU v D4 By IXC 414 E)
AB+ ARC + AC + ARC

= =ABC+D [ 14+ D+ERNC+E+=1]
AB+ ABC + AC + ARC

iz = RHS
AB(1+CY+ AC(B+1)
AB+ AC= RHS () ABC+ ABC v ABC + ABC = 4B+ BC +CA
Answer:
= 9. Given the logic equation F = ABC + BC O+ 4 BC ., Make a truth table for the ABC + ABC v ABC + ABC

same. [Model Quastion]
N POLT TS
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= ABC + ABC+ ABT + ABC + ABC + ABC
|- 4B+ 4BC+ ABC = ARC]
= ARBC + ABC + ABC + ABC + ABC + ABC
= ABC+C)«BCA-~ AV AC(BA B) [.C+T =14+ A=1&
= 4B+ 8C+CA=RHSE. 1B+F=1]

- 1L {m} State Demorgans’s theorem.
(b) Make a Karnaugh map of the funcrion F(A, B, C. D) =Zm({5, 8,9, 11, 13, 15)
+d(7, 12) and
(¢} Explain the applications of parity bit. [Mode! Question]

Answer:

{a) De Morgan has suggesied two theorems which are extremely useful in Boolean

Algebra. The two theorems are discussed below,

Theorem I

The left hand side (LHS) of this theorem represents a NAND gate with inputs A and B,

whereas the right hand side (RHS) of the theorem represents an OR gate with inverted

nputs.

Theorem 2

The 'LHs of this theorem represents a NOR gate with inputs A and B, whereas the RHS

represents an AND gaie with inveried inputs.

(b D
;g\ (] ol i 10
7] i E] e
it} o o
¢ |= I o
(] 3
2 J1 1% 14
I 1
Rl i [T7]
|0 I | |
Y=A0C + AD+ BD

=A(C+ D)+ 8D
{e) A parity bit. or check bit, is a bit added 1o a string of binary code that indicates
whether the number of |-bitsin the string is even or odd, Parity bits are used as the
stmplest farm of error del.cningJ cade There are two variants of parily bits; even parity
bit and odd parity biv
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= 12. Implement the following function by NAND gates onls, [Model Question]
Y= ABC+ ABC + A

Answer:
A i C

W:knutllmﬁ:;-r}:xﬂ'
S0, ¥F=ABC+ABC+4 % % %

= ABC +ABC + 4

: P
= ABC-ABC-A . ’

< 13, Show that a positive logic NAND operator is equivalent to a negative logic
NOR operation and vice versa. [Model Question]

Answer:

In the positive logic low voltage signal is represented by O & high voltage signal is

represented by | but in negative logic high voltage signal is represented by 0 & low

valtape signal is represented by 1.

The truth nble of positive logic NAND gate is: The tnrh mble of negative logic NOR

gatc is: ;

— 1 Ni
a8 r -8 a|p|r-2 ’"”;
A+
00 [ =t :
0 f1 ' 1o
1|0 ‘ 01 |
Vol o | olo I

S0 it can be seen thut the both truth table are same, so positive logic NAND operator is
equivalent o negative logic NOR operator.

S 14, Construct the OR gate equivalent circuit using NAND gates,

[Model Question]
Answer;
Implementing OR Using only NAND Gares
An OR gate can be reploced by NAND gates as shown in the figure (The OR gate is
replaced by o NAND gate with all its inputs complemented by NAND gate inverers)

POLF-ITS
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I

2 15 Implement the following function by NAND gate:
Y = ABC + AB(T + 4)

Answer:

¥ =ABC + AB(C + 4)
= ABC + ABC + AB
= ARC + ABIC +1)
= ABC + AB

We know that, X7 = X =¥ =X +¥

Using this we can say that -

A

B Lt

[-

2 16. Construct a XOR gate using NAND gates only. Construct AND gate using

NOR gate only.

Basic [nternat Skills & Number System
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Answer:
XOR gate: ;
&}
[Model Question] B A

diagram.
Answer:

the result of the comparison,

perform six logical relatwonships:
equal to, less than, greater than,
less than or equal to, greater than
or equal te, and not equaul,

*  The control unit of the CPLU
et i contains circuitry that uses
electrical signals to direct the
enlire computer  system (o
camy oul, or execute, stored
POLT-FES
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S 17. What are the different components of a CPU? Explain with suitable
[Model Question]

The “hean™ of a computer system is the central processing unit (or CPU) - the pan where

the actual processing of data takes place. It consists of three scparate sub-parts, namely

«  The main memory or store (where instructions and data are kept in coded form)

*  The arithmeticAogic unit (ALU) contains the electronic circuitry that executes all
arithmetlc and logical operations like addition, subtraction, multiplication, and
division and logical operation is usually & companison. The unit can compare
numbers, letters, or special characters, The computer can then take action based on

A compuler can simulianeously 1est for more than one condition. In fact, u logie anit can

@

Tl Dvvwen 23 AL Dhatpas Daih
lgancay Uil
CH
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program instructions. The contral unit does not execute program instructions, rather,
“it directs other paris of the system o div so. The control unit must communicate with
both the arithmetic/logic unit und memory,

Waorking:

* CPU consists of three basic umits: control unit. Arithmetic Logical Unit (ALU)Y and
memary unik.

Input is given through the input devices to CPU

Control unit controls communication within ALU and memeory unit

Decides which ¢ircuit is to be acffvated.

For reading instruction it uses Fetch-gxecute mechanism.

Control unit gets instruction from memeory

Cuontrol unit decides what 10 do of that instruction and transfiers it 1o the ALU,

ALU  performs various arithmetic  operations  like addition, subtraction,
multiplication, division and logical operations like AND, OR, NOT, NAND et. on
that instruction.

o Resuls of ALU are stored in the memaory or resistor for its further operations.

o  Afler completing the insiruction, stored results are passed (o the output devices.

» To synchronize all these operations CPU uses its own system clock,

" & B 5 & & @

Fumctions:

=  Executes stored ingtructions called as program,

e Telis rest of the computer system whal (o do,

»  Executes arithmetic calculation and data manipulation.
Holds data and instruction which are in the current use.

+ Respansible for storing and retrieving information on disks and other media,

POLY-ITS
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Chapter at a glance:

2.1 Operating system, Evolution, Generations —1st, 2nd, 3rd, 4th
Operating systems have evolved through a number of distinet phases or generations
which corresponds roughly to the decades.

The 1940's - First Generations

The earliest electronic digital computers had no operating systems. Machines of the time
were 50 primitive that programs were often entered one bit at time on rows of mechanical
switches (plug boards). Programming languages were unknown (nol even assembly
languages). Operating systems were unheard of.

The 1950's - Second Generation

By the early 1950's, the routing had improved somewhat with the introduction of punch
cards. The General Molors Research Laboratories implemented the first opersting
systems in early 1950's for their IBM 701, The system of the 50% generally ran one job at
a ime, These were called single-stream batch processing systems because programs and
data were submitied in groups or baiches.

The systems of the |960's were also batch processing systems, but they were able 1o take

better advamtage of the computer’s resources by running several jobs at once. So
operating systems designers developed the concept of multiprogramming in which

several jobs are in main memory at once, a processor is switched from job to job as
needed 1o keep several jobs advancing while keeping the peripheral devices in use

For example, on the system with no multiprogramming, when the current job paused w
wait for other 1O operation o complete, the CPU simply san idle until the VO finishad

The solution for this problem that evolved was to partition menory into several pieces,
with & different job in gach panition. While one job was waiting for 110 to complete.
another job could be using the CPUL

Another major feature in third-generation operating system was the technique called
spoaling (simultancous peripheral operations ca line). In spooling, a high-speed device
like a disk interposed between o running program and a low-speed device involved with
the program in input/output.

Another feature present in this generation was time-sharing technique, a variam of
multiprogramming technigue, in which each user has an on-line (.¢., directly connected)

lerminal,
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Fourth Generation

With the development of LSI (Large Scale Integration) circuits, chips, operating system
entered in the system entered in the personal computer and the workstation age.
Microprocessor technology evolved to the poimt that it become possible 1o build desktap
computers as powerful as the mainframes of the 1970s. Two operating systems have
dominated the personal computer scene: MS-DOS, written by Microsoft, Inc. for the IBM
PC and other machines using the Intel BO88 CPLJ and its successors, and UNIX, which is
dominant on the large personal computers using the Motorola 6899 CPU family.

2.2.1 Simple Batch Systems

Mainframe machines. Input devices were card readers. Qutput devices were line
prinier, tape drives, and card punch.

A job (a single program+ associated data + contrel information) usually on the
purich cards submitted to the operatar.

The output consisted of the results of the program or memory dump in case of
E€Imor.

The operator used to batch together similar programs and run as a group 1
reduce seiup lime.

No user intcraction while the job is executing.

Currenit examples include .bat files under Dos — Windows and shell files under
Unix/TLinux.

In batch systemns :

~  Initial control is in monitor.

~ Load next program and transfer control to it

—  When & job completes, the control transfers back to monitor

- Automatically transfer control from one job 1o enother (Automatic job

sequencing),

> Features Nee M ‘
/3 routine supplied by the sysiem.

Memory management — the system must allocate the memory 1o several jobs,
CPU scheduling — the system must choose among several jobs ready to run,
Allocation of devices.

2.2.3 Multiprogrammed Batch Systems

Several jobs are kept in main memory al the same time, and the CPU s
multiplexed among them.

POLY-ITS
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SRS
If memory can hold several programs, then CPU can switch 1o anod-m one
whenever a program is waitng for an [0 to complete - This i5
multiprogramming.

TSS extends Batch multiprogramming to handle multiple interactive jobs — It's

Interactive Multiprogramming. ‘

Multiple users simultaneously sccess the system theough temufuls

Processor's time is shared among multiple users, that is, the CPU is muluplexed

among several jobs that are kept in memary and on disk (the CPU is allocated 1o
a job only if the job is in memory).

On-line communication between the user an::i
operating system finishes the execution of one command,
“control statement” (rom the user's kevboard _
IS system provides each user with her/her own virtual machine.

the system is provided; when the
it seeks the next

POLY-ITS
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Because of slow human reaction time, a typical user needs 2 seconds of
processing time per minute.

Then many users should be able 10 share the same system without noticeabie
delay in the computer reaction time.

228 Vs Ti ring

|Batch Multi-Prog, Time Sharing d
[Priaciple obj. Max_ Processor use Min, response time
Enun:& of inst. Ta OS ICL provided with the job | Comminds enlered al the terminal

2.2.70S Fealures Needed for Time Sharing Systems
On-line file system must be available for users 1o access data and code.
-+ Should do memory management
*  Should do CPU scheduling
Should do job synchronization and have communication facilities,
Should ensure that dead lock and indefinite waiting does not oceur
Should allow sharing of computer resources,

2.3 System components
Even though, not all systems have the same structure many modern operating systems
share the same goal of supporting the following types of system components.

PN Y-ITS
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2.3.1 Process Management

The operating system manages many kinds of aetivilies ranging from user programs o
system programs like printer spooler, name servers, file server etc. Each of these
activities is encapsulated in a process, A process includes the complete execution context
(eode, data, PC, regidlers, OS resources in use glc. ),
It is important to note that & process is not a program. A process is only ONE instant of a
program in execution. There are many processes can be running the same program. The
five major activities of an operaling system in regard to process management are

« Creation and deletion of user and system processes.
Suspension and resumption of processes.
A mechanism for process synchronization.
A mechanism for process communication
A mechanism for deadlock handling,

2.3.2 Main-Memory Management
Primary-Memary or Main-Memory is a large array of words or bytes. Each word or byie
has its own address, Main-memory provides storage that can be access directly by the
CPU. That is to say for a program to be executed, it must in the main memory.
The major activities of an operating in regard io memory-management are:

= Keep track of which part of memory are currently being used and by whom.

» Decide which process are loaded into memory when memory space becomes

available.
s Allocate and dt&liotnlc memaory space as needed.

2.3.3 File Management
A file is a collected of related information defined by its creator. Computer can store files
on the disk (secondary storage), which provide long term storage Some examples of
storage media are magnetic tape, magnetic disk and optical disk. Each of these media has
its own propertics like speed, capacity, data transfer rate and access methods.
A file systems normally organized into directories 1o case their use. These directaries
may contain files and other directions,
The five muin major activities of an operating system in regard to file management are

1, The creation and deletion of files.
I'he creation and deletion of directions o
The suppon of primitives for manipulating files and directions.
The mapping of files onto secondary storage.
The back up of files on stable storage media,

A S bt B
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10 subsystem hides the peculiarities of specific hardware devices from the user. Only the
device driver knows the peculiarities of the specific device to whom it is assigned,

ITS.40

.3. a n

Generally speaking systems have several levels of storage, including primary storage,
secondary storage and cache sworage Instructions and data must be placed in primary
storage or cache 10 be referenced by a running program. Because main memory is 100
small to accommodate all dasa and Programs, and its data are [ost when power is lost, the
computer system must provide secondary storage to back up main memory, Seeondary
storage consists of tapes, disks. and other media designed to hold information that will
eventually be accessed in primary storage (primary, secondary, cache) is ordinarily
divided into bytes or words consisting of a fixed number of bytes. Each location in
storage has an address; the set of all addresses avajlable 1o a program is called an address
space.
The three major activities of an operating system in regard w secondary storage
management are:

. Managing the free space available on the secondary-storage device.

2. Allocation of siorage space when new files have 10 be written,

3. Scheduling the requests for memory acoess.

2.4 Operating system services

An operating system provides hasic services 1o the program for execulion and the owner
of the program. Thesg are: ¢

I. Toload program imta memory and execute it.

2. File system handling i.e., a program requires a file 10 read or 10 write, creale or delete
files.

V'O operations and resource allocation.

Communication between processes via shared MEMOry Or Message passing.

Error handling i.¢., error in the program, CPUL network, memory ete,

Security and protection.

Record keeping of users and system, e, which user and how many users are in
queuc and how much time they have alloted,

2.5 System calls

A system call is an instruction which generates an interrupt that causes the operating
system 1o gain cantrol of the processor. The operating system then determines what kind
of system call it is and perform the appropriate service for the system caller. The essential
difference between system call and conventional subroutine is that in the case of a
conventional subrowtine, the object code is part of the calling program while the system

e B -t
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call code 15 within the operating systemn. An operating system will only have a lmuted
number of available system calls and in general these will he ;upple:mleﬁ .hT standard
subroutine libraries. Many of these standard subroutines which provide additional and/or
higher level facilities for the programmer, will themselves use system calls

Operating system structure is mainly based on hiesarchy of layers. The bottom layer is
the hardware and the highest layer is the user interface. In between the above two layers,
there are so many layers like processor allocation laver, memaory management !n:e:
Input/Output management layer, device management laver ¢tc. But since the upultmg
system i.c.. system software has improved rapidly from 1" generation to 5 peneration
computer system development, the siructure will be somewhat different from the general
concept. For example client-server model structure, WIH\‘EFWG-&TE structure,
Distributed and real-time system structure is & vanation from the traditional sysiem
structure. The fig. 1-4 shows the structure of different age,

Application programa (Financial Sysiom, gamei. Rashery
PESET YL i b

Sywtem programs (Compedes, Avsembler. laskor ok )

Lisgr imberiace
08 ey Maimany w File
Soltwawre managemedd | managemeni | Managewend et
TPl Wam ] T devices l s—— 1
Handwise My A
Fig: 2
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Mode Client 'ﬁ-m‘ﬂ- Client | Termmai | Memors | Fie | Proces
bl Precess | | process 2 Pocess | server M setver | pevvel
1 - ™
Mode | : KERNEL H
L 3
Fig: 3

Kermel and Shell:

In computer since, the kernel is the central component of most operating systerm. |15
responsibilities include managing the system’s resources. As a basic component of an
operating system, 2 kemnel provides the lowest level abstraction laver for the resources
specially memory, processors and 110 devices that application software must control 1o
perform its function. It typically makes these facilities available 1o application processes
through inter-process communication mechanism and system calls, These tasks are done
differemtly by differeru kemnels, depending on their design and implementation, While
monolithic kernels will try to achieve these gouls by executing all the code in the same
. address space to increase the performance of the system, micro kermels run mest of the r
services in user space, aiming 1o improve maintainability and modularity of the code
base. A ranpe of possibilities exists between these two extremes. The kernel's primary

purpose is to manage the computer resources and allow other programs 1o run and use
these resources,

Fig-4
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Shelt:

In computing, & shell is a piece of software that provides an interface for users
Typically, the term refers to an operating system shell, which provides access to the
service of a kernel. However, the term s also applied very loosely to applications and
may include any software that is built around a particular component, such as weh
browsers and e-mail cliems that are “shells™ for HTML rendering engines. The name
“shell" originates from shells being an outer layer of interface between the user and the
innards of the operating system (The Kemel). Operating system shells generally fall into
one of two categories: Command line and graphical. Command line shells provide a
command line interface to the operating system, while graphical shells provide a
graphical user interface (GUI). In either category, the primary purpose of the shell is 10
invoke or launch another program; however shells frequently have addional capabilites
such as viewing the contents of directories,

[ Short Answer Type Questions )

A. Choose the comrect answer from the given altematives in each of the

following:
1. Which of the [ollowing is an example of & Real Time Operating System
WBSCTE 2022]
(m) MAC (b) MS-DOS (¢} Windows 10 {d) Process Control
Answer: (d)

2. Which of the following is not an operating system? [WBSCTE 2027}
(a) Windows (b} Linux (€Y Oracle (dy DOS
Answer: (c)

Y. Real time systems are [Model Queation]
{a) Primarily used on mainframe computers

© (b) Used for monitoring evenis as they occur

(¢) Used tor program development
() Used Tor real time interactive users
Answers (b))

4. Super computers typically employ . [Model Question]
(&) Real time Operating system i) Multiprocessors OS5
(€] deskiop OS (d) None of these
Answer: (h)
POLYITS
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5. The primary job of the operating systern of a computer is o i
{2} Command Resources (b) Manage Resource [Model Question]
(€} Provide Utilities (d) Be user friendly

Answer: (b)

& In . OS5, the response time is very critical [Model Question]
(a) Multitasking (b) Batch
{c) Online (d) Real-time

Answer: (d)

7. Which of the following is not advaniage of multiprogramming?  (Model Question)

(2) [ncreased throughput

(b) Shorter response time
(c) Decreased operating system overhead

(d) Ability 1 assign priorities to jobs

Answer: (¢}
8 Unix.ﬂpcrming System isan [Model Questian]
(a) T1me1 Shiril’tg Operating System {b] Multi-User Operating System
{c) Multi-zasking Operating Svstem {(d) All of these
-Answer: {d)
9. Distnbuted OS works on the principle. [Model Question]

(a) File Foundation
{c]) Multi system image
Answer: (b)

(b} Single system image
(d) Networking image

0. Multiprogramming systems ;
(2) Are easier 10 develop than single programming systems
(b) Execute each job faster
{¢) Execute more jobs in the same time
(d) Are used only on large main frame computers
Answer: (c)

11. Multiprocessing _
(a] Make the operating system simpler
(b) Allows multiple processes 1o run simulancously
(<) Is completely understood by all major computer vendors
(d) Allows the same computer to have the multiple processors
Answer: (d)

[Model Question]

POLT-ITS
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12, What 18 the first step in performing an operating system upgrade?
[Model Question]
(a) Partition the drive {(b) Format the drive
(¢) Backup critical data (d) Backup old operating system
Answer: (c)
13. Which is not a layer of operating system? [Model Cuestion]
{a} Kemel (b) Sheil
(c) Applicanion program {d) Critical section
Answer;: (d)
14. In maode, a machine execules operating system instructions.
Model Question]
(&) user (b) svstem (¢) safe (d) normal
Answer: (b)
15. Virtual memory involves Model Cuestion]
{a) primary memory (b) secondary memory
(c) both of these (d) none of these
Answer: (b)
16, Inthe layered approach of Operating Systems: (choose twa) Model Question]
(8) Bottom Layer{0) is the User interface
(b) Highest Layer{N) is the User interface
(c) Bottom Layer(0) is the hardware
(d) Highest Layer{N) is the hardware
Answer: (b) & (¢)
I7. The initial program that is run when the computer is powered up is called
oge Question]
(8} boot program (b) bootloader
() initinlize (d) bootstrap program
Answer: (d)
B. Answer the following questions:
18, What is the time sharing operating system? [WBSCTE 2022]
Answer: Refer to Article No. 2.2.4 of Chapter at a Glance.
19. What are the advantages of multiprocessors system? [WBSCTE 2027)
POLY-ITS
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Answer:

Some advantages of multiprocessor system are as follows:

*  Reduced Cost: Multiple processors share the same resources. Separite power supply
or mother bozrd for each chip is not required. This reduces the cost.

* Increased Refiability: The rcliability of system is also increased. The failure of one
processor does not affect the other processors though it will slow down the machine,
Several mechanisms arc required 10 achieve increased reliability. I a processor fails,
a job running on that processor slso fails. The system must be able to reschedule the
failed job or 1o alen the user thar the job was not successfully completed.

* Increased Throughpat: An increase in the number of processes completes the work
in less time. It is imponant to note that doubling the numher of processors docs noi
halve the ume to complete a job. It is due 1o the overhead in communication between
processors and contention for shared resources cic.

20. What is operating system? [Madeal Question]
Answer: .

An Operating system (OS) is 2 software which acts as an interface between the end user
and computer hardware Everyv computer must have at least one OS o run other
programs. An application like Chrome, MS Word, Games, etc needs some environmeni
in which it will run and perform its task. The QS helps you to communicate with the
computer without knowing how to speak the computer's language. It is not possible for
the user ta use any computer or mobile device without having an operating syslem.

21 Sul;.- whether time sharing system can be used for multiprogramming or multi-
user based OS design or not. [Model Question]
Answer: Refer to Article No. 2.2.4 of Chapter at ¢ Glance.

12, Whar is system call? [Model Question]
Answer:

The invocation of an operating system routine. Operating systems contain sets of routines
for performing various low-level operations. For example, all operating systems have a
routine for creating a directory. If you want 10 execute an operating system routine from
a program, you musl make a system call,

13. What is a linker? [Madel Question]
Answer:
A linker is a program that combines object modulesto form an executable program.
Mény programming languages allow us to write different picces of code, called modules,
separately. This simplifies the programming task because we can break a large program
into small, more manageable picces,
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24, What is the purpose of command interpreter? Why is it usually separate from
kernel? [Model Question]

Answer:

It reads commands from the user or from a file of commands and executes them, usimlly

by wming them into one or more systemn calls, It is usually not part of the kemnel since the

command interpreter is subject (o changes.

15. State the impartance of the svsiem call in the context of operaiing system
security, [Model Queation]

Answer:

System call in the context of operating svstem security gives us 1O protection which

prevents users from performing (llegal 1. :

26. What is booting? [Model Question]

Answer: .

Booting is the process of starting or restarting a computer,

Cold Boot: It is turning on a computer that has been turned of T completely and properiy

Warm boot: Process of using the operating system o restart a compufer

17. What operations are performed by loader? Model Question]
Answer:

For execution loading a program involving reading the contents of executable file contain
program instruction into memory, and then carrying out other preparatory tasks
prepare the execuiable for running,

18. What is the difference of compiler and interprecer? [Madel Queation)
Answer:
No. | Compiler Interpreter

Compiler Takes Entire program as input Interpreter Takes Single imstruction as input

|

i Intermedinte Object Code s Generated No Intermediste Object Code i Generated

3 Conditional Control Sistements  are | Conditonal  Contred  Stsemenes  are
Fxecutes faster Executes slower

4. | Memory Requirement More (Since Obgect | Memary Requirement is Less

Conde §s Oenersted)
5 Program noed not compiled every lime Every Ume higher level progam is
convened imo lower level program

6. | Errors are displayed after entire program | Errors are displayed for every instnuction

| is checked - interpreted (if any)
7 | Example: € Compller - Example: RASIC
29. Whal is Kernel? [Model Ousation)
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Answer:

In computer since, the kemel is the central component of most operating system. Its
responsibilities include managing the system's resources, As a basic component of an
operating system, a kernel provides the lowest level abstraction laver for the resources
specially memory, processors and 1A devices that application software must contral 1o
perform its function. 1t typically makes these facilities available 1o application processes
through inter-process communication mechenism and system calls. These tasks are done
differently by differem kemels, depending on their design and implementation. While
monolithic kermels will try 1o achieve these goals by executing all the code in the same
address space to increase the performance of the systern, micro kernels run most of their
services in user space, aiming 10 improve maintainability and modularity of the code
base. A range of possibilities exists between these two extremes. The kernel’s primary
purpose is o manzage the computer resources and allow other programs to run and use
these resources.

30. What is the relationship between kernel and operating system? [Model Question]
Answer:

Kemel is the core of the operating system. [t is the first program of aperating system that
is loaded into the main memory 10 Start the working of the system. Kernel rernains in the
main memory till the system is shut down. Kernel basically translates the commands
entered by the user in a way 10 make the computer understand that what has user
requested.

Kemel acts as a bridpe between application software and hardware of the sysiem. Kernel
directly comniunicates with the hardware and let 1t know what the application sofiware
has requested. An operating sysiem is unable 1o run without the kernel as it is the
impaoriant program for the working of the system.

( Long Answer Type Questions )

¥

< 1. What is Operating system? What are the basic services provided by the

operating system? [WBSCTE 2027)
Answer:
1" Fart:
An Operating system (08) is a software which acts as an interface between the end user
and computer hardware. Every computer must have @ least one OS o run other
programs. An application like Chrome, MS Word, Games, elc needs some environmen
i which it will run and perform its task. The OS helps you 1o communicate with the
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computer without knowing how to speak the computer's language. [t is not possible for
the user to use any computer or mobile device without having an operating system.

2" Part;

(1 Program execution:
The system must be able to [oad a program into memory and run the program.

{2} 170 operations:
All the programs dealing with /0 operations refating to specific devices are 10 be
deait by the operating symbals.

{3) File system implementation/manipulation:
The fle system is af particular interest.  Programs need 1o read and write files. Files
cian also be labeled by their unique names,

4) Commuuicatfons:
The communication, which takes place between the concumreni processes. can be
divided into two parts. The first one takes place between the processes that are
running on the same computer and other fype of processes are those tha are being
executed on different computer systems through a computer network. These two
schemes can be implemented by shared memory or by metsage passing.

(%) Errar detection:
There are various types of ermors that occur when the process is rnamg Ervors may
be between CPU and memory or between CPU and /0. OS handles these emrors and
gives information 1o the user.

(6) Resouree allocation:
When the number of users are more than one, multi-programming (resource sharing)
hus 1o be implemented. There are vanous methods for handing these by special
allocation coding, CPLI scheduling ete.

(7} Protection:
In multi-user environment, protection of valuable resources plays on important rode.
This s implemented by the hetp of security. Each layer can be accessed by the help
of o user name and password by the system administrator.

{8) Accounting:
I'he record keeping works as 1o which resource has been wiilized by which process
and for how long 15 being cared by 08

2 2. What is CPU and 1/O bound jobs? [WBSCTE 2022)
Answer;

I'he 1erm CPU-bound describes o scenano where the execution of a task or program i
highly dependent on the CPUL The CPL usually refers 1o the central processing unit of a
computing device, such as a deskiop computer. I's responsible for comrolling the-
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execution of 1asks and programs in a computer sysiem. As such, 8 computing device can’t
really function withouwt it

ln contrast, & task or program is 170 bound if its execution is dependent on the inpuit-
cutput system und its resources, such as disk drives and peripheral devices. In 10 bound
environments, we wait for resources 1o be retrieved through the input-output systems.
Henee, it's safe 1o say that a program or task would exccute faster if the Input-output
system worked faster.

-
#

< 3. What do you mean by client server architecture? Expluin, [WBSCTE 2022]
Anpswer:

Client-server architecture, altenatively called a client-server model, is 4 network
dpplication that breaks down tasks and workleads between clients and servers that reside
on the same system or are linked by 2 computer network. Clienl-server architeeiure
typrcally features multiple users” workstations, PCs; or other devices, connccted 1o 3
cemtral server via an Intemet connection or other network. The client sends a request for
data, and the server accepts and accommodates the request, sending the data packets back
1o the user who needs them. Examples of Client-Server Model are Email, World Wide
Weh, etc.

Chaenta

There are few steps 10 follow 10 interacts with the servers a client,

o User enters the URL{Uniform Resource Locator) of the website or file. The
Browser then requests the DNS(DOMAIN MAME SYSTEM) Server,

o IINS Server lookup for the address of the WEB Server

o DNS Server responds with the [P address of the WEB Server.

o Browser sends over an HTTP/HTTPS request 10 WEB Server's 1P (provided
by NS server).

o Server sends over the necessary files of the website

o Browser then renders the files and the website is displayed. This rendering is
done with the help of DOM (Document {hjec Maodel)
interpreter, €SS interpreter and JS Engine collectively known as the 11T or (Just
in Time) Compilers.
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= 4. Whal is bootstrap program in 057 What is Batch nperating System?
[WBSCTE 2027
Answer:
1" Part:

A bootstrap program is the first code that is executed when the computer system is
started. The entire operating system depends on the bomtstrap program to work correctly
as it [bads the operating system.

A figure that demonstrates the-use of the bootstrap program 15 as follows —

ROM E;m-.s.rr:.'p Bl L5 1
¥ Ulperating
Sysem
Operating
‘Suntem Lond €15
RAM
Sxar
Devier Dewsces
[rvers [
Blasm Memaory

In the above image, the bootstrap program is o part of ROM which is the non-volatie
memaory, The operating system is loaded inte the RAM by the bootstrap program afier
the stant of the computer system. Then the operating sysiem starts the device drivers.

2% Part:
Ratch Operating Svstem:
This tvpe of opernting system does not inferact with the computer directly. There is an

operator which takes similar jobs having the same requirement and group them into

batches, 1t is the responsibility of the sperator 1 sort jobs with similar needs.
™

L3 1

—
Advantages of Batch Operating System: . . B
[, It is very difficult to know the time required for any job 1o complele. Processors

of the batch systems know how long the job would be when it i3 m queve

2 sers can share the batch systems.
2 Multiple users can s ¥ ——
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3. The idle time for the batch system is very |ess.
4. It is easy to manage large work repeatedly in batch systems:

= 5. Write short notes on Types of OS,  ° [WESCTE 2023]
AnSWer:

Types of Dperating Systems:

i) Batch Operating System:

This type of operating system does not interact with the computer directly. There is an
operator which takes similar jobs having the same requirement and group them into
batches.

Examples of Batch based Operating Syvstem: Payroll System, Bank Statements, etc.

i) Time-Sharing Operating Systems:

Each task is given some lime to execule so that afl the tasks work smoothly. Each user
gets the time of CPU as they use = single system These systems are also known as
Multitasking Systems. The task can be from a single user or different users also. The
time that each task gets w execute is called quantum. After this time interval is over 08
swilches over 10 the next task.

Examples of Time-Sharing O8s are: Multics, Unix, ete.

ili) Distributed Operating System:

These types of the operating system is a recent advancement in the world of computer
technology and are being widely accepted all over the world and, that too, with a great
pace. Warious autonomous interconnected computers communicate with each other
using a shared communication network. Independent systems possess their own
memory unit and CPU. These are referred ta as loosely coupled systems or distributed
S¥Siems. £
Examples of Distributed Operating System are- LOCUS, etc.

iv) Real-Time Operating System: .
These types of OSs serve real-lime systems. The time interval required 1o process and
respond 10 inputs is very small. This time imerval is called response time.

Real-time systems are used when there are time requirements thal are very stricl like
missile systems, air traffic control systems, robots, cic.

Examples of Real-Time Operating Systems are: Scientific experiments, medical
imaging systems, industrial control systems, weapon systems, robots, air trafTic control
syslems, ete.

@ 6. What is the difference between a multiprogramming and multitasking
operating system? [Modal Question]
POLY-ITS
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Answer:
Multi-user - A multi-user Operating System allows for multiple users to use the same
computer at the same time andior different times. See our multi-user dictionary definition
far a complete definition for a complete defintion. Below are some examples of multi-
user Operating Sysiems,
Linux
Linix
Windows 2000
Windows XP
Mac OS5 X

Mulrtiprocessing - An Operating System capable of supporting and uilizing more than
one computer processor. Delow are some examples of mulliprocessing Owperating
Systems.

Linux

Unix

Windows 2000

Windows XP

Mac OS X

Multitasking - An Operating system that is capable of allowing multiple software
processes (o run at the same time. Below are some examples of multitasking Operating
Systems.

Unix

Windows 2000

Windows X

Mac OS X

Multithreading - Operating systems that allow differemt pars of a software program (o
rurl concurrently. Operating systems thal would fall into this caregory are:

Linux

Linix

Windows 2000

Windows XP

Mac (05 X

D 7. Write the difference between batch processing and multiprogramming based
(S system, [Model Question]
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Apswer:
Hatch processing emvironment it requires grouping of similar jobs which consist of
programs. data and system commangs
The suitability of this type of processing is in programs with large computation lime with
no need of User interaction/involvement. Seme examples of such programs include
payroil. forecasting, statistical analvsis and largg sciemtific number crunching programs,
Users are not required 1o wait while the job is being processed. They ean submit their
programs [0 operators amd returmn later 1o collect them.
But it has two major disadvantages

i Non-interactive environmem

il. Off-line debupging
Multiprogramming operating svstems compared to batch Operating systems are [l
sophisticated. Multiprogramming has 2 significant potential for IMproving system
throughput and resource wtilisation with very minor differences Different forms of

multiplmgrammfrlg operating  svstem  are multitasking, multiprocess and multiuser
operating systems.

< B What is system call? Write down different system calls for performing
different kinds of tasks. [Model Question]

Answer:

A system call is 2 request made by any program ta the operating system for performing

taskslu'pl:k:d from a predefined set — which the said program does not have required

permissions 1o execute in its own flow of execution. System calls provide the imerface

between a process and the operaring system. Most operations interacting with the systemn

require permilssions not available 1 a user level process, e.g 1O performed with a device

present on the system or any form of communication with other processes requires the

use of system calls, '

The midin types of system calls are as follows:

* Process Control: These types of sysiem calls are used 1o control the processes. Some
examples are end, ahort, load, execute, create process, terminate process etc.

* File Management: These types of system calls are used to manage files. Some

examples are Create file, delete file, apen, close, read, write etc.

¢ Device Management: These types of system calls are used 1o manage devices. Some
examples are Request device, release device, read, wrile, get device anributes etc

= 9. (a) How fo unulyse a malware and proteet it?
(b) Discuss the methods for intrusion detection and virus protections,
[Mode! Quastian)
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Answer:
a) The malware analysis knows how malware functions allow for better defenses o
pravect resources from any attack of malware. There are twa types of malware analvsis:
static analysis ar dynamic analysis, Static analysis is the actual viewing of code to get a
better understanding of the malware and what it is. Dynamic analysis is how the malware
behayes when executed.

b) Intrusion Detection methods
Huost-based intrusion detection lechnigues revolve around individual hosts — usually
servers — by manitoring the hard drive and both inbound and outhound packerss, and
constanily comparing the results against 8 pre-created image of the hest and the host's
expected packet flow, The idea is to look for malicious changes both in the logical
contents of the host as. well as the host's activity. It often relies on 2 local client or agent
of the IDS system (o be nstalled on the host
Application-based intrusion detection techriques widen the scope 1o an application in an
abstract sense — meaning, everything in the infrastructure that's involved in the way that
application functions, but only tha application. These solutions are used for applications
that perform particularly erucial functions for the orpanization. because the potential
consequences of a breach are high.
Network-based intrusion detection techniques expand the scope of coverage still further
to all devices on a netwark or subnetwork (sometimes. multiple instances of solutions
collaborate to accomplish this, due 10 the volume of waffic). Because they are the most
general, they sometimes miss probiems the other twa might detect.
Virus Protection methods
Our main defense and protection is w detect and identify specific virus atacks 1o our
computer, There are three methods in general use. Each has pros and cons. Often, a given
anti-virus software program will use some combination of the three techniques for
‘maximum possibility of detection
*  Scanning
= Integrity Checking
= |nterception
Once a virus has been detected, it is possible 10 wnte scanning programs that look for
tellile codde (signatire strings) characteristic of the virus. The writers of the scanncy
extract dentifying strings from the virus, The scanner uses these signature sinngs 1o
search memory, files, and system sectors. I the scanner finds & match, it announces that
it has found a virus, This obvioustv detects only known. pre-existing. vinuses. Many so-
called *virus writers” create “new” viruses by modifying existng vinses. This akes only
i few minutes but creates what appears 10 be a new viriis. 1t happens all too often that
these changes are simply 1o fool the scanners.
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Integrity checking producis work by reading our entire disk and recording i inteprity data
that acts as a signature for the files and system sectors. An inteprity check program with
built-in intellipence is the only solution that can handie all the threats to our data a5 well
as viruses. Integnity checkers also provide the only refiable way to discover what damage
a virus has done.

Interceptors (alsa known as resident monitors) are particularly useful for deflecting logic
bombs and Trojans. The imerceptor monitors operating sysiem requasis that write 10 disk
or do other things that the program considers threatening (such as installing itself as a
resident program). If it finds such a request, the interceptor generally pops up and asks
wou if you want to allow the request fo continue. There is, however, no reliable way to
intercept direct branches into low level code or to intercept direct input and ourput
instructions donie by the virus itself, Some viruses even marnage to disable the monitoring
program itsell. Indeed, for one widely-distributed anti-virus program several years back it
only took eight byies of code to tumn its monitoring functions off.

< 10. Define the essential properties of the following types of operating systems: a.
Batch, b. Time sharing c. Real time. [Meodel Question]

Answer:

Batch: ’ .

Jobs with similar needs are batched 1ogether and run through the computer as a group by

n aperator of automatic job sequencer. Performance is increased by aempting o keep C

PU and I/O devices busy at all times through buffering, off-line operation, spooling, and

multiprogramming. Batch is good for exccuting

large jobs that need linle inieraction; it can be submitted and picked up later

Time sharing:
This systems uses CPLU schcdullng and multiprogramming 1o provide e¢onomcal
interactive use of a system.
The CPU switches rapidly from one user (o anothier. Instead of having a job defined by sp
ooled card images, ¢ach program reads its next control card fram the terminal, and output
is normally printed immediately to the screen
Heal time:

1 Often used in a dedicated application, this system readsinformation from sensors and mus
trespond within a fixed amount of time to ensure correct performance

S 1. What is the important aspect of a real-time system or Mission Critical

Systems? [Model Question)
Answer:

A real time operating system has well defined fixed time constraints. Process must be
dane within the defined conswaints or the system will fail. An example is the operating
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system [or o Might control computer or an advanced jet airplane. Often used as a control
device in a dedicated application such as controlling scientific experiments, medical
imaging systems, industrial control systems, end some display systems. Real-Time
systems may be either hard or soft realtime, Hard real-time: Secondary storage limited or
absent, data stored in short term memory, or read-only memory (ROM), Conflicts with
time=sharing systems, not supported by general-purpose operating svstems Soft real-
time: Limited utility in industrial control of robotics, Useful in applications (multimedia,
virtual reality) requinng advanced operating-system features.

2 12, Explain the important differences between hard, firm and soft real-time
yslems. [Mocel Question]

Answer:

A hard real-time task is ane that is constrained to produce its results within certain
predefined time bounds. The system is considered to have failed whenever any of its hard
real-time tasks does not produce its required resubts before the specified time bound
Unlike & hard real-time task, even when a firm real-oime task does not complete within its
deadline, the system does nol fail. The late results are merely discarded. In other words,
the wiility of the resulls computed by a real-time task becomes zero after the deadline.
Soft real<time 1asks also have 1ime bounds asseciated with them. However, uniike hard
and firm real-time tasks, the timing constraints on soft real-time tasks are not expressed
as absolute values. Instead, the constrmints are expressed in terms of the average response
times required.

& 13 With a suitable example explain the difference between the traditional
notion of time and real-time. [Model Question]
Answer:
In a real-time application, the notion of time stands for the absolute time which is
quantifiable. In comrast w0 real time. logical ume, used in most gencral category
applications, deals with a qualitative notion of time and are expressed using event
ordering relations. For example, consider the following pan of the behavior of |ibrary
automation sofiware used (o automate the bookkeeping activities of a college library:
“Afer o query book command is given by the user, the details of all the matching books
are displayed by the software™,

= 14, What are the characteristics of distributed svsiem? [Model Question)

Answer:

* Distributed system distribute the computation among several physically separated
processors,
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Loosely coupled system — each processor has its own local memory; processors
communicate with one another through various communications lines, such as
high-speed buses or welephone lines.

s Advantages of distnbuted svsiems

- Resources Sharing

- Computation speed up — load sharing

- Reliability and fault tolerance

-~ Communications

Requires networking infrastructure - Local area networks (LAN) or Wide area

networks (WAN)

May be either client-server or peer-lo-peer sysiems:

*  Less sutonomy between computers

*  Gives the impression there is a single operating svstem controlling the network.

W orksauon
CChem)

[ coent | | Ctiemt | | Cliem | | ctern |,

J Wetanrk
! Servp |}

Fig: General strocture of client-serer

= 15. What is clustered System? [Model Question]
Answer:
Clustered Systems

o Clustering allows two or more syslems (0 share external storage and balunce
CPU load.
Asymmetrie clustering: one server runs the application while other servers
slandby
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Symmetric clustering: all N hosts are running the application

O O
=

Shared Storage

Chusiened Servers

= 16 Differences between Network operating system and distributed operating

system, [Model Question]
Answer;

Network operating system
1) Users view ns o colicction of distinet
machiie m a commumication subsystem.

Distributed operating system

1] Users view as a single sysiem image by
hiding the existence of multiple usérs

2} Im mevwork operating systent, a different
set of system calls have w be used for
apcessing local and remore resources.

21 In distributed operating systém, same set of
sysiem calls s used for accessing both local |
and remote resources.

3) In case of o network operating system,
cach compuler has o8 own loenl operating
system and no eo-ordination a1 all required
excepl special  situation like imerprocess
communication.

3) In case of a distributed operating syitem
there i & single system wide aperating system
and each computer rurs a part of global
OpeTAing syvslem.

4 A pework operaling svstem provides a |
Iittle or no (ault olerance capability 1. I.[I!

E_qg of machine failures

1) A distribaed  opersting  svstem arc
normally unaifected by the failed machines
1, faul tolerance capability is uswally very
high

= 17. What are the various components of operating — system structure explain the
simple and layered upproach of operating system in details.

[Model Question]
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Answer:
Simple approach

s

E upphication program a

TEREeNE ST prograe

[ ME-10S deviee
i drrvers

I RO BIOS devece dreves ﬂ

In M3-DOS, application may bypass the operating system
e Operating systems such as MS-DOS and the original UNIX did not have well-
defined structures.

+  There was no CPU Execution Mode {User and Kernel), and s0 errors in applications
could cause the whole system to crash.

Layered approach
This approach breaks up the operating system into different layers,
o This allows implementers to change the inner workings, and increases
raodularity
&  As long as the external imerface of the routines don't change, developers have
more freedom 1o change the inner working of the routines,
s With the lavered approsch, the bottom layer is the hardware, while thc hLLhCS'L
laver is the user interface.
¢  The main advantage is simplicity of consiruction and debugging.
*  The main difficulty 15 defining the vanous layers.
= The main disadvantage is that the OS5 tends o be less efficient than other
implementations.
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The Microsoft Windows NT Operating System. The fowest level is a monolithic kemel,
but many O components are at a higher level, but still pan of the DS

= 18. What is the simple structure of operating system? [Mode! Guestion]
Answer:
There are 5o many systems that do not have a well defined
structure, The reason is that they started with small, simple i
and limited systems ond then grew beyond their original
scope. The example is MS — DOS structure. Initially it has [ DOs DrseDmen |
been started with a group of few people without the awareness 7 7l
that it would grow so popular. It has features of mnsurna’n:g l

L

least space, because of limited hardware on which it runs, so it

[i pianan Progam |

v

Arreten fomem I

was not carefully divided into modules. UNIX (original) old [ (e ]
version is another example. MS-DOS siucture is shown Fip M-LEPS Sermmcteen
below,
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(The wsers)

Shells and commands
compilers and interpretets
svatem libraries

System call interinee w the Kernel

LY system File svsiem CFU scheduling
Terminal drvers dish and tape  page replacement
Dirivers demand paging

Vinual memory

Kemgl
interface 10 the Kemel

Terminal controllers Device & memary controlfers

Terminals Disk and 1apes  Physical memory

UNIX System struciire

= 19. Describe maltiple OS baot process. [Model Question]
Answer:

Whenever there are multiple OSes, be it multiple Windows or Windows with Linux, then
Boot process will beslightly different

Actually, there can be two different types of Boot Process in multiple OS environment
Microsoft way and Non-Microsoft way (or Third Party Boot Loader way').

Microsoft Master Boot loaders doesn’t recopnize other types of OSes like Linux (in
default, that is!), hence using Microsaft MBR in the presence of Linux is ruled out.
Consider the case that (uUsis is the general case), there is one Primary partition and some
Logical Panitions inside Extended Pantition, Now if WinY8 is installed in the Priman
Partition, and afterwards WinXP is installed in a Logical Partition, then theorctically both
(5 -should have their own Boot Records, ie. PBR for Win9% and LEBR for WinXP,
which contain program to boot the respective 05, so that each individual OS can be
bocted up by the MBR by passing control 1o respective PBR of the OS as described in
Previous section.

But this does nat happen in Microsoft Boot loader! It does a peculiar thing, that it always
considers the current Active Partition as the default Systen/Boot Panition,

That is Pnmary Partition in which Win98 was installed is the Active Partition, then when

WinXP is installed another partition, instead of writing the code for booting in s,

partition, WinXF writes the codé in current Active Partition (that is, where Win%8 is
installed)!

Program responsible for loading the WinX P is ntldr standing for N TLosder.
Thearctically, this should be in it's partition, bul this copied to thal of Win%s.
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Men file responsible for Win9g booting is combined irto a single fle called
bontsect.dos and this is also placed in the Win%% partition.
Then, WinXP creales another file culled boot.ini which, . contains the names of
Microsoft OSes installed and path for Svstem files of each O
After all this prelims, Windows multiboot can be represenied as below:

1. When BIOS hands over control to Microsofi MBR, this program looks into
Partition Table for Active Partition,
Then it hands over the contral 1o the PBR of Active Parition. In this case, the
Active Partition is where Win98 was |nstalled.

3. Bu Win%8 PBR has been altered by WinXP and it po longer contains Wini8
boot program (like io.svs or msdessys), But it comtains ntldr! Peculiarity is that
one (O8's Bool program is in another O5's Partition!

4, ntldr looks ino bootini fle and finds out the Microsoft OSes installed in the
System and displays the option menu.

5. When user slects Win98, the file bootsect dos (which is in same partition) is
executed. and iT WinXP is selected. moskml is executed (which is in another
partition?),

The good thing about Microsoft way is that, it"s very zasy 1o configure (veu don 't have 1o
configure at gfil),

Hut the had thing about Microsoft MBR. is that, the two DSes are not independent of each
other, [t is because, that Microsoft MBR always boots into the Active Partion (that is it
always boots into Win®8 Partition, but executes WinXP program!) and from here other
OSes are loaded. This does not provide flexibility of mstalling multiple Microsofi OSes
in a random order, because here wlder versicn af OS should be installed first and
then mewer versions of OSes should be installed.

pd

This boot process also has two limitations:

l. There can be only one Real Mode DOS based OSes like Win93/'Win98 along
with N1 based OSes. IF you want both Win93, Win98 with any NT based OS5,
then iUs simply not possible.

2. Microsoft MBR looks for Active Status in Primary Partitions only and not in
Logical Paritions, This means, Microsofl OSes should be installed in Primary
Partitions ondy if it should be bootable (For this reason itself, WinXP boot file
otldr is ploced 0 Primary Partition of Winf8 instead of it's own Logical
Partition)

2 20. What is the main advantage of the layered approach system design™ What

are the disudvantages of using layered approach? [Model Question]

Answoer: o .
The main advantage of the layered approach is simplicity of construction and debugging
FOL TS



ni INTRODUCTION TO [T SYSTEMS ITS.64

The leyers are selected so thal each uses funetions (operations) and services of only
lower-level layers. This approach simplifics debugging and system verification, The
major difficulty with the laysred approach involves appropriately defining the various
lmyers. Becausc a layer can use anly lower-level lavers, careful planning is necessary,

Also, layered implementations tend to be less efficiem than other types. For instance,
when a user progrum executes an |/ operation, it executes a system call that is trapped
te the 10 layer, which calls the memory management layer which in wum calls the CPU-
scheduling layer, which is then passed to the hardware. At each laver, the parsmeters may
be modified. data may need to ke passed, and so on. Each layver adds overhead 1o the

system call; the net result is a system call that takes longer than does one on a non-
layered system.

= 21 List at least three of the major categories of system calls,
Answer:
The main types of system calls are as follows:
*  Process Contral: These types of system calls are used to control the processes. Some
examples are end. abort, load, execule, create process; terminale process elc,
Process control invalves creating new processes 1o work concurrently on solving
prablems. There are four main svstem calls for process control:
- fork: creale 4 new process
= exit: normal termination of process (exit is not actually a sysiem call, but il calls
_exit which is.)
= execve: load and execute anather program (there are five other variations in the
exec family, but execve is the actual system call exeeuted.)
wait: wail for anather process 1o finish.

[Model Question]

= File Management: These types of system calls are used 1o manage files. Some

examples are Create file, delete file. open, close, read, write ete.

~  open; system call 1o open a file

- open returms a file descriptor, an integer specifying the position of this open file
in the table af open files for the cument process

- create: (no 'e’) sysiem call to create a file /* no longer necessary */

- close: system call to close a file

- read: read data from a file epened for reading,

~  write: write data 1o a file opened for wriling

- [Iseek: seek 1o a specified position m a file (used for rmndom aceess when reading
or writing a file)
o the original seck system call used a 16 bit address

FOLY-ITS
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o "lseek” is named because it uses a "long” integer as the address to seek w0 In
practice this is a 32 bil inleger on most current machines

o the UNIX standards organizations have apparently not yet standardized &
suilable seek systern call for 64 bit addresses

o Currently (fanuary. 2005), the llseck system call Is available on Solaris
{hercules), but there is no indication that this systemn call is portabie

o Versions of Linux apparently support liseck() or llseek() for raw devices.
Compilers may suppaort |seek() as accepting 2 64-bit long or add Iseekéd(),
according 1o a compile-lime eption.

* Device Management; These types of system calls are used 10 manage devices. Some
examples are Request device, release device, read, write, get device anributes etc.
Process usually require several resources to execute, if these resources are available, they
will be granied and control retumed to the user process, These resources are also thought
of as devices, Some are physical, such as & video card, and others are abstract, such as a

file.
User programs reguesr the device, and when finished they release the device, Similar 1o
files, we can read, write, and reposition the deviee.

POLY-ITS



Chapter 3: Algorithm and Flowcharts ||

Chapter at a glance:

3.1 Algorithm

An algorithm is 3 finite sequential set of instructions which, if followed, accomplish a
particular task or a set of tasks in finite time. Algorithms are used for calculation, data
processing, and automated reasoning.

3.2 Complexity -

There are two types of complexities of an algorithm, time complexity and space

complexity.

* The rime complexity of an algorithm is the amount of time the comptiter requires to
execute the algarithm.

* The space complexiry of an algorithm is the amount of memory space the computer
requires, completing the execution of the algorithm.

; Notation
The Big Oh (the "O" stands for "order of*) notation is used to classify functions by their
asymptolic growth function and hence finding the time complexity of an algarithm

L Short Answer Type Questions )

‘A Choose the correct answer from the given alternatives in each of the
following:

L. A detailed flowchan is called [WBSCTE 2022
(a} Stack {b) Macro (e} Micro {d) Union

Answer: (¢}

2. Flowcharts and algonithms are used for [WBSCTE 2027]

(a) Better programming
(c) Efficient coding

(b) Easy testing and debugging
{d}All of the ebove

Answer: (d)

1. The operation represented by parallelogram [WHBSCTE 2022)
(&) Inputroutput {b) Assignment
{¢) Comparison (dy Condition

Answer: (a)
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4. Which of the following is & pictorial representation of an algorithm? [WBSGTE 2022)

(a) Pseudocode {b) Program {¢) Flowehart () Momne
Answer; (¢)
5. Which data structure has fixed sive? [Mode! Question]
{a) Arrays (B) Linked lists . (c) Trees {d) Graphs
Answer: (a)

B._Fill in the blanks with the altemalives given in the bracket
6. Infegeris a primitive data type. Model Question]

7. In2s complement form, the highest integer that can be stores with n bits is 27
[Model Cuestion]

8. A dama siructure sultable for data rémaining in sccondary storage devicod

seructured. Model Question]

9, A programming lechnique that never uses a GOTO siatement is called sirwcfured
PrOEranmiming, [Model Question]

C. Answer the following questions:

10, What are the main advantages of aigonthm? [WBSCTE 2027)
Answers
Advantages of Algorithm:
1) 1t 15 easy to understand.
i) An algorithm is a step-wise representation of a solution 1o a given problem
ili) In Algorithm the problem is broken down into smaller preces or steps hence, 1t
is easier for the programmer to convert it into an actual program

11. Differentiate between Storage structures and Data structures.  [Modal Question]
Answer:

The representation of a particular data structure in the memory of a computer s called 3
storage structure whereas a storage structure representation in auxitiany memiory 15 often
called a data structure

12. What is data strueture? [Model Question)

Answer:
A data structure is o mathematicil or logical way of organizing data in the memory that
consider not only the ftems stored but also the relationship 10 each other and also 1t s

characten zed by accessing functions,

13, Define an algorithm? ) [Model Question]
Answer: Refer to 3.1 of Chapter at a Glance.
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14. What are the characteristics of algorithm? [Mode! Question]
Answer:

e Precision — the stepe are precisely stated( defined). -

» - Uniqueness — results of each step are umiquely defined and only depend on the input
and the result of the preceding steps. :
Fimiteness — the alporithm stops afier a finite nuimber of instructions are execuled.
Input— the aigerithm receives imput.

Output — the algorithm produces output

Generality — the algorithm applies 10 a set of inputs.

Well-Definag WelkDefined

Chorectersts s of an

Algorithm

15. Write down the properties of algarithm. [Made! Question]
Answer:

The properties of an algorithm are

i} It should terminate afier a finite ume.

ii) It should produce at least one output.

i} It should take zero or more input.

iv) It should be deterministic means giving the same output for the same input case.

v) Every step in the algorithm must be effective i c. every step should do some work.

16. What is flowchart? What are the guidelines of the flowchart? [Model Question]
Answer:

Flowchart is a diagrammatic representation of sequence of lopical steps of a program,
Flowchens use simple geometric shapes to depiot processes and arrows 10 show
relationships and process/data flow.

Guidelines for Developing Flowcharts

These are some points to keep in mind while developing a flowchan -
s Flowchar ean have only one start and one stop symbaol
o On-page connectors are relerenced using numbsers

= Off-page connectors are referenced using alphabets
POULY-TS
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= General flow of processes is top 1o bottom or lefi to right
«  Armows should not cross each ather

17. Explain the features of a good program.

Answer:

A good computer program shauld have following characteristics:

= Portability: Portahility refers to the ahility of an application to run on different

platforms (operating systems) with ar without minimal changes. Due to rapid
development in the hardware and the software, nowadays platform change 5 &
comman phenomenon. Hence, if a program 1s developed for a particular platform,
then the life span of the program is severely affectsd

*  Readability; The program should be written in such a way thal it makes other
pragrammers or users to follow the logic of the program without much effort. If 2
program is written structurally, it helps the programmers to understand their own
program in a better way. Even if some computational efliciency needs 1o be
sacrificed for better readability, it is advisable to use a more user-friendly approach,
unless the processing of an application is of almost importance. '

» Efficiency: Every program requires certain processing time and memory 1o process
the instructions and data. As the processing power and memory are the most
precious resources of a computer, a program should be laid out in such a manner
that it utilizes the |east amount of memery and processing time,

* Structural: To develop a program, the task must be broken down into a number of
subtasks. These subtasks are developed independently, and each subtask is able 1o
perform the assigned job without the help of any other subtask. If & program 15
developed structurally, it becomes more readable, and the testing and
documentation process also gets easier.

= Flexibility: A program should be flexible enough to handle most of the changes
withoul having to rewrite the entire program. Most of the programs are developed
for a certain period and they require modifications from time to time. For example,
in case of payroll management, as the time progresses, some emplovess may leave
the company while some others may join. Hence, the pavroll application should be
flexible enough to incomorate all the changes without heving 10 recomstruct the |
entire application,

*  Generality; Apart from flexibility, the program should also be general. Generality
means that if a program s developed for a particular task, then it should also be
used for abl similar wsks of the same domain. For esample, if a program i
developed for o particular organization, then it should suit all the other similar
orpanizations,

*  Documentation: Documentation 15 one of the most imporant components of an
application development. Even if a program 15 developed following the best
programming practices, it will be rendered useless if the end wser is not able 10
fully utilize the functionality of the application. A well-documented application is
ulso useful for other programmiers because even in the absence of the author, they
con understand it

[Model Question]
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C Long Answer Type Questions ) .

= L. Write an algorithm that will read input temperature in Centigrade and
convert to Fahrenheit. Draw a flowchart that will reads two values and
determines the largest value and prints the largest value, [WBSCTE 2022]

Answer:

1" Part:

The algorithm for the conversion of emperature fram Fahrenheit to Celsius is as follows:

Step 1: Read the emperature given in degree Cenligrade.

Step 2: Convert the temperaiure in Centigrade inte Fahrenheit using the formula:

(30°C > 1.§) + 32
Step 3: Print the Fahrenheit and Celsius value of temperature.
Step 4: End

2™ Part:
The flowehart that will reads two values and determines the largest value and prints that

value is: !

) o @ Yes
,._’ Prani "B 1 greatoy ; ian s !mnm";

|

= 1. Write down the advantage and disadvantages of an algorithm.
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Answer:

Advanrages of Algeritlhns:

i} It is easy to understand,

il) An algorithm is a step-wise representation of a solution to 2 given problem

{ii} In Algorithm the problem is broken down into smaller pieces or steps hence, it is
easier for the programmer to convert it into an actual program.

Bisadvantages of Algarithms:

i) Writing an algorithm takes & long time so it is time-consuming.

it) Understanding complex logic through algorithms can be very difficult.
iii) Branching and Looping statements are difficull to show in Algorithms.

= 3. Define the symhols of Mowchart. [Model Question)
Answer: :
| Symbol Name Function |
B C ) Startend An oval represents a start of end point |
Arrows A line is a connecior thm shows |
=1 relationships berween the representative i
E Input / Cutput A paralielogram represents input of i
output |
I—-j Process A reciangic reproaonts a process 'I
Decision A digmond indhcates a decision
| = J

S 4 Whal is algorithm?
What do you mean by complexity of an algorithm? Show that the
function 7 (x) defined by: /(1) =1,/ (1)=7{» 1)+ bas the complexity 0fn)
[Model Questen]
Answer:
1" Part: ) . =
Algorithm: An algorithm 15 a {inite sequential set of imlm_ml.:-m \\hl.c_h. it followed,
accomplish o particular task or a set of tasks in finite time, is an ffective method for
solving 4 problem expressed as a finite sequence of steps.

Trom e iven

Algorithin
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2" Part:

There are Iwo types of complexities of an algorithm, time complexity and space
complexity. .

Time Cﬁmplﬂit_f: The time complexity of an algorithm quantifies the amount af time
taken by an algorithm 1o run as a function of the size of the input to the problem, This
commonly expressed using big O notation, which suppresses multiplicative constants and

lower order terms. When expressed this way, the time complexity is said to be described
asymplotically

The space mmpf.mﬂy of an algorithm is the amount of memary space the computer
requires. completing the exacution of the algorithm,

3" part:
Applying the recursion ap to n-2 times that is;
Sr)=1+1414 041014 n-2times + £(1)+1

;[n»l]*_fl:lj
={n-1)+1 where 7(1) =1
fln)=n

or, L,r‘{n]{:2'|g|:rrﬂwhercc=.'-'_&g[n]: n
or. f(n)=0(g{n)
or, fln)=a(n)

- 5 Explain the terms: Best, Average and worst case complexities of an algorithm.

Answer: i

There are different tvpes of lime complexities which can be analysed for an algorithm:

s Best-case time complexity, Average-case time complexity AND Worst.case time
complexity

The hcst-r,asc time camplexity of an algorithm is a measure of the minimum time that the
algorithm will require for an input of size », The running time of many algorithms varies
not only for the inputs of different sizes but alsa for the different inputs of same size. The
average-case time complexity of an algorithm is a measure of the average time that the
algorithm will require for an input of size .

The worst-case t§m= CDlTlplL‘KiTj- of an algorithm is o measure of the maximum time thal
the algorithm will require for an input of size n. Therefore, if various algorithms for
sorung are taken into account and say, o (nput data ftems are supplied in reverse order for
mﬁ{ sorting algorithm, then the algorithm will require n aperations 10 perform the son
which will correspond 1o the worst-case time eom plexity of the algorithm,
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The work dane by an algorithm for the execution of the input size n defines the time
analvsis as function f(n) of the input data items.

2 6. How do you find the complexity of an algorithm? What is the relation
hetween space complexity and time complexity of an algorithm? Justify your
answer. [Model Question]

Answer:

1" Part:

Algorithmic complexity is concerned sbout how fast or slow particular algorithm

performs, We define complexity as a numerical function T{n) - time versus the input size -

n. We want to define time taken by an algorithm without depending on the

implementation details. But we agree that T(n) does depend on the implementation. A

given algorithm will take different amounts of time on the same inputs depending on such

factars as: processor speed; instriction set, disk speed, brand of compiler and eic. The
way around is to estimate efficiency of each algorithm asymptotically. We measure ime

T(n) as the number of elementary "steps” (defined in amy way). provided each such step

takes constant time.

Let us consider two classical examples: addition of two integers. We will add rwo

integers digit by digit (or bit by bit), and this will define 2 "step” in our computational

model. Therefore, we say that addition of two n-bit integers mkes nsteps. Conseguently,
the total computational time is T(n) = ¢ * n, where ¢ is time 1aken b addition of two bits.

On different computers, addition of two bits might take different time, say cl and <2, thus

the addition of two n-bit integers takes T(n) = ¢ * n and T(n) = ¢2* n respectively. This

shows that different machines result in differens slopes, but time T(n} grows linearly as

Inpul size increases,

2™ Part:

The time complexity of an algorithm is, the faster the algorithm will carry out its work m
practice. Apart from time complexity, its space complexity 15 also imporiant. This is
essentially the number of memory cells which an algorithm needs. There is often a time-
space-trade off involved in 4 problem. that is, i cannot be solved with few computing «
time and low memory consumption. One of them has 10 compromise and 1o exchange
computing time for memory consumption o vice-versa. The space-complexity cannot be
more than the time complexity because writing X units of space takesa ¥). Every

algorithm that is O{n) time in also O{n') space.

2 7. By which features a program is not an algorithm? How can you describe an
algorithm with the help of a Mowehart? [Model Question]
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Answer:
.lﬂl.lal.'i}'._.klgﬂrilhm + Data Structure = Program
The algorithm of addition of even numbers are shown below using a flow-chart,

START )

SLM = SLUM + COUNT

|

|

COUNT =T0UNT + |

Add even number

POLI-ITS
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Chapter at a glance:
4.1 HTML

HTML stands for HyperText Markup Language. It is used to design web pages using &
markup langoage, HTML is the combination of Hypertext and Markup language.
Hypertext defines the link between web pages. A markup language is used to define the
text document within the tag which defines the structure of web pages. This language is
used to annotate (make noles for the computer) text so that a machine can understand it
and manipulate text accordingly, Most markup languages (e.g HTML) are human-
readable, The language uses tags (o define what manipulation has 1o be done on the
text

HTML is a markup language used by the browser 1© manipulaie text, images, and other
content, in order to display it in the required format. HTML was created by Tim
Berners-Lee in 1991, The first-ever version of HTML was HTML L0, but the first
standard version was HTML 2.0, published in 1995

HTML. Released Year

1993 | 59 1997 | 2042

Flements and Tags:

HTML uses predefined tags and elements which tell the browser how to properly

display the content. Remember to include closing tags. If omitted, the browser applies
the effect of the opening tag until the end of the page.

lag Elemenk

|

<h> GecksforGeeks</b>

|

Chpening Tag iy Tag
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HTML page structure:

The basic structure of an HTML page is laid out below. It contains the essential
building-block elements (i.e. doctype declaration, HTML. head, title, and body
elements) upon which all web pages are created.

HTML Page Structure

<!DOCTYPE himl> « Tells version of HTM

<him|> -~ HTML Root Elemem

<head> «— Used to contain page HTML meiadata
<title>Page Title<ftitle= +— Title of HTML page

<‘head=>

<body> « Hold content of HTML
<h2>Heading Contenmt</h2> «— HTML heading tag
«<p>> Paragraph Coment<p> + HTML paragraph tap

</body>

</html=

4.2CSS

Cascading Style Sheets, fondly referred 10 as €SS, is a simply designed language
intended to simplify the process of making web pages presentable. €55 allows you to
apply styles to web pages. More importantly, C58 enables vou (o do this independent
of the HTML. that makes up each web page. It describes how a webpage should look: it
prescribes colors, fohts, spacing. and much more. In short, you can make your wehsite
look however you want. CSS lets developers and designers define how it behaves,
including how elements are positioned in the browser,

4.3 Javascript

davaScriptis a lightweight, cross-platform, and interpreted compiled programming
language which is also known as the scripting language {or web pages. It is well-known
for the development of web pages. many non-browser environmenis also use it
JavaSeript can  be  used for Client-side developments  as  well  as Server-
side developments. Javascript is both imperative and declarative type of lanpuage.
JavaScript conwains a standard library of objects, like Areay, Date, and Math, and g
core set of language elements like operators, cantrol structures, and statements.

POL Y-S
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[ Short Answer Type Questions j

1. <b> tag makes the enclosed et bold. What is other tag to make text bold?
[WBSCTE 2027]

{a) <strong> {h) <dar> (e) <black= (d) <emp>

Answer: (a)

2, Al himl tags are must be enclosed i [WBSCTE 2027]
{a)? And ! (b) <And>  fc) | And} (d) # And #

Answer: (b)

3, CSSstands for [WBSCTE 2022]
(a) Cascade style sheets {b) Color-and style sheets

{¢) Cascading style sheets
Angwer: (¢}

{d} Mone of the above

4. Il we want define style for a unique element, then which css selector will we use?

[WBSCTE 20237]
{a) ld (b) text {c)class (d) name
Answer, {a)
5. Inside which HTML element do we put the JavaSeript? [WBSCTE 2021
{a) <js> (b) <seript> (c) <seripting> (d) <javascripe=
Answer: (b)

6. Tags and text that are not directly displayed on the page are wrinen in

section. [WBSCTE 2022)
(o} <html> (b) <head=- (e} <title> (d) <body=
Answer: (b)
7. What will the following code return: (WBSCTE 2022)
Boolean| 10:-9)
{a) NaN (b) true (¢} false

Answer: (b)
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8 Which of the following CSS property is used 1o set the blend mode for sach

background layer of an elememt? [WBSGTE 2022)
(a) background-blend-mode propenty () background-collapse propeny
(¢} background-transform property (d) background-origin property
Answer: {a)
9. Which HTML attribute js used 10 define inling styles? Model Question)
() style () fon ic)styles (d) div
Answer; {a)
10. What docs a Markup tag tell the web browser? [Maodel Question]
{a) how w organize the page {b) how 1o display message box on page
i) how 1o display the page {d) none of these
Answer: (b)
11. HTML decuments are saved in [Model Question]
{a) ASCI texr {b) machine language codes
(¢) special binary formar {d) none of these
Answer: (a)

12, Which of the following s correct regarding meta tag in HTML?

[Model Question]
(b} <meta name =~ ">
{d) <metadata rame = *"f>

(1) <meta> | </meig>
{c) <metiadata>...</'metadata>
Answer: (h)

13. Which of the following methods is used ta ge! mela information of & resource?”

[Model Question]

fa) TOP {b) HEAD {c)GET (d) GRAD ’
Answer: (b)

14. DHTML is for [Model Questian]

fa) model {b) view (¢} controller (d) servlet
Anm-:_:r: {b)

15, Which of the following technologics is used o display XML, data? [Model Question]

(a)C88 {b) XPath (¢) XQuary (dj XHTMILL
Answer: (a)
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16. Which of the following is an invalid C55 selector? [Mode! Question]
{a) Title selectors (b) HEAD selectors
() TAG selectors (d} Id seleciors
Answer: (b)
17. A declaration is terminated by a [Model Question]
(8) } —end curly bracket (b}, = period
(c}; -semicolon (d} ! - exclamation sign

Answer: (¢)

18. The correct HTML. tag for the biggest heading is
{a) <h6=. (b} <heading small>

[Model Question]
{e) <small heading=  (d) <hi=

Answer: (d)

19. Which HTML attribute is used to define inline styles?” [Mode! Question]
(&) Class (b) Stvles (c] Style (d) Fom

Answers (€)

20, Javascript's default object is [Model Question]
{a) navigator (b)) documents (€} window {d) browser

Answer: ()

21. Choose the correct HTML tag for the smallest heading [Modal Question]

{a) <hG> {b) <heading small>
Answer: (n)

{c) <small heading> {d) <hl=

22, Which of the Following syntax is correct for commenting lines in NML?
[Model Question]

tayfl (b) | * comments® | (¢} {d) <! —commenis—>
Answer: (d)
23, The .ooovoevnnen. in XML i8 cquivalent 1o the schema in database.  [Modal Question]

() element [ By attribute (e} parser (dIDTD
Answer: (d)
24. ... allow style sheets w differentiace between different element type.

[Model Question]

(1) Pseudo-classes (b} Pseutdo-elements

() Comextual selectors (d) Classes
Answer: (b)
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25. Which is the correct S8 syntax? [Model Quastion]
(a2} {bedy.color = black(body)} (b} body {color : black)
ic) body : color= black (d} {bady:color:black}

Answer: (b)

26. In which methed URL exposes the data? [Model Queastion]
(a) Post (b Get
(c) Both Post and Get (d) All @l these

Answer: (b)

27. FORM 1ag is used in HTML inside Tag. [Model Questicn]
{a) Head (b) Title (¢) Body {d) All of these

Answer: (c)

28. Choose the correct HTML tag for largest heading. [Madel Question]
{a) <h6> (b) Head -~ () <hl> {d) <heading>

Answer: (c)

B. Fill in the blanks with the altematives given in the bracket:
29. HTML stands for [Model Questian]
Answer: Hypertext Markop Language.

C. Answer the following questions:

30. What are the advantages of JavaScript over HTML? [Model Question]
Answer: i .
The advantages of JavaSript over HTML Is that, JavaScript enhances HTML by making
it dynamic. HTML as we know |s static and therefore once an HTML document has been
created it cannot be changed.

JavaScript has two basic functionalitics which are:

1. To build HTML dynamically as the web page is loaded and;

2. To monitor as well as react w User events.

31. What are the usage of: hover, active and: focus dynamic pseudo classes?

[Madel Question]
Answer:

Hover pseudo-class: The hover pseudo-class applies while the user desipnutes un
element (with some pointing device), but does nat activate it. For example, a visual user
agent could apply this pseudo-class when the cursor (mouse pointer) hovers aver a box
generated by the element. User ugents not supporting interactive media do not have 1o

LTS
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suppert this pseudo-class, Some conforming user agents supporting interactive media
miy nol be able to support this pseudo-class (e.g., a pen devicel

Active psendo-class: The active pseudo-class applies while an element 15 being activated
by the user. For example, between the times the user presses the mouse bution and
releases it.

Focus pseudo-class: The focus pseudo-class applics while an element has the focus
{aceepts keyboard evenis or ather forms of text input)

32. Design a HTML page on your friends. List your friends. Each [riend's name is a
link. Prepare separate HTML documents on each friend and call them in the
appropriate link. : [Model Question]

Answer:

<html>

<Head><title> Display the linkse/ticlas

</head>

<body >

<h2>My Friends Web Pages®</hl>

zol>

<li><a href = *manju.html*“>Manju Biswas</faz</li>
<lis<a href = "gopa.hrml*>Gopa Mandale/a»</Lli>
</ol»

< oy

< /homl>

33, What is Frame? Explain merits and demerits of frame. Medsl Question)

Answer:

HITML, frames are used to divide vour browser windew into multiple sections where each

section cun load a sepurute HTML document. A collection of frames in the browser

window is known as a frameset. The window is divided into frames in a similar way the
tables are organized: into rows and columns.

Merits of Frame:

*  The main advantage of frames is that it allows the user o view multiple documents
within a single Web page.

* Itis passible to load pages from different servers in a single frameset.

»  The concern thit older browsers do not support frames can be addressed using the
<poframe> tag. This tag provides a section in an HTML document w melude
alternative content for browsers without support for frames. However, it requires that
the Weh designer provide two formats for one page.
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Demerits of Frame:

There are few drawbacks with using frames. 5o it's never recommended 1o use frames in

your webpages — d

+  Some smaller devices cannot cope with frumes ofien because their sereen is not hig
enough to be divided up.

*  Sometimes vour page will be displaved differemly on different computers due 10
different screen resolution.

+  The browser's back button might not work a8 the user hopes.

+  There are still few hrowsers that do nol support frame technology.

34. What is cookie? [Madel Question]

Answer:

Cookies are the name given 1o the small text files your browser stores on your compurer,
which contain information relevant to the sites you have visited in the past. Another
delimiion is that, cookie s a variable that is stored on the visitor's computer. Each time
ihe same computer requests & page with a browser, it will send the cookie too. With
JavaScript, you can both creaté and retneve cookic values.

35, Write a function to ereate a cookie in JavaSeript. [Mode! Question]
Answer:
function createCookle (neme, wvalue, davs) {

1f (days] |

vaxr date = new Datel|:
dace.setrTime{date.gerTime | )+ (dayse*24*60* 6010001 ) 4
var expires = *; expiress" + date. toBMTString();

}
elge var expires = "=; , )
document  cookie = name + "=" + wvalues + expires + " path=/";

[ Long Answer Type Questions )

= 1. {a) What is the difTerence between static and dynamic web pages?
(b) What are the advantages of using Javascript? [WBSCTE 2022)
Answer:
a) The difference between Static and dynamic web pages are-
Static Web page
Static web pages are also known as flal or stationary web page, They e loaded on
the client™s browser as exactly they are stored on the web server. = | h web papes
comtain only static information. User can only read the information but can’t do any
madification or interaet with the information.
POLTY-FTS
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Static weh pages are created using only HTML. Siatic web pages are only used when
the imformation 15 no more required 1o be modified,

Dynamic Web puge
Dynamic web page shows different information at different point of time (1 is

possible to change a portien of a web page without loading the entire web page. It has
been made possible using Ajax technology.

The advantages of using JavaScript are the following:

Less server interaction — Validate user input before sending the page off to the
server. This saves server traffic. which means less load on your server

Immediate feedback to the visitors - They don't have to walt for & page relead 10
see if they have forgetten 1o enter somcthing,

Increased interactivity = Create interfaces that react when the user hovers over
them with a mouse or activates them via the keyboard

Richer interfaces - Use JavaScript to include such items a5 drag-and-drop
compenents and sliders 10 give a Rich Inerface 1o your site visitors.

= 2.(a) Write a Javascript program to find HCF or GCD,

(b) Tn how many ways a javascript code can be involved in an HTML file?
(¢) What is the difference between the operstors ‘==" & *==="7
[WBSCTE 2027

Answer:

() Javaseript program to find HCF or GCD:

f{ program to find the HCF or &CD of two integers
let hef;

/! take lnput

conet numberl = prompt('Enter a firat positive integer: '),
const numberd = prompt('Enter a second positive integer: ')
f¢ looping from 1 to numberl and numberl

for (let 4 = 1; i <= numberl && i <= numbarl; i++) (

/{ chesk if im Factor of both intagera

if| numberl % i == 0 &k numberd % i == 0)
hef = 4,

}

/4 display the hef
conwole,.log( HCF of §(numberl) and §{number2) ia §(hcf). )i
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(b) You can include JavaScript in your HTML in two ways:

«  Wniting the code in vour HTML

+ Including it as a link 1o an external file

ITS.84

Using the script tag to include an external JavaSeript file:
Toinclude an external JavaScript file, we can use the script tag with the attribute src and
used the sre atribute when we use images. The value for the sro attribute should be the

path 10 your JavaScript file. This script 1ag should be included between the <heads 1ags
in your HTML document.

<ECTI1pt type="text/javascript”’,

file_ j315"»<fScripi>

src="pach-to-javascript-

(¢) The ‘= =" operator tests for ebstract equality i.e. it doesthe necessary type
eonversions before doing the equality comparison,

But the *===" aperator tests for strict equality i.e it will mot do the type conversion
hence if the two values are not of the same type, when compared, it will return false.

Example:

<EETipt>
Sf In R.H.S. string "%" is converted inta
/i numbeér 9, hence returns true.
dogument write{d == "),
/¢ used for next line
document .write{' <brs>*)
/J/ Here no type conversicon tekes place,
/i nence returns false
document.write(9 === "9*|,
</scripts
Output;
true
false

= 3. Write a program fo create HTML table with the following output:

[WBSCTE 2021]
Name Department Mobile Number
Rahul Das DME 9123443518 |
Sanjib Paul DCE B513546728
Sibmath Dey DSE 9175154578
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Answer:
I DBOCTYPFE bHbtml>
choml=>
<ipodys
<table>
LT >
<thsName</chs
<th>Department</ths
<th>Mobile Numbere/ths
<ftr>
<Lr>
<td-Rahul Das </td>»
chd=DME«</ tad=
cod>91234435 A</ td>
/o>
-t
<td>Saniib Paul</cd>
<td»>DCE</td=
<td>B5131546728</cd>
</tr>
L4 -3 &3
<td=sSibnach Dey</td>
<td=D5E</td=
<td=>9175354578</ td>
</
</Laple>
< /hodys>
</ hemls>
< 4. Wustrate the basic tags of « HTML page with an example.  [Model Queation)

Answer:
The basic structure for all HTML documents is simple and should include the following
minimum elements or tags:

« <html> - The main container for HTML pages

s <heads - The container for page header information

s <ijile= - The title of the page

= <hody> - The main body of the page
Remember that before an opening <himl> lag, an XHTML document can comain the
optional XML declaration, and it should always contain a DOCTYPE declaranion
indicating which version of XHTML it uses

POLY-ITS
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An HTML document stans and ends with <html> and >/huml> 1ags. These tags tell the
browser that the entire document is composed in HTML. Inside these two tops; the

document is split inlo two sections:

s The <head> _</head> elements, which contain information about the document such
as title of the document, author of the document etc, Infarmation inside this lag does
not display outside.
= The <title>,. <Aitle> elements, which element is a child of the <head> element.

It specifies a title for every page that you write inside the <title= element.

»  The <bady>...<'body> elements. which contain the real content of the document that
YOU S8€ 0N Your screer.

In spite of the above four wgs there are |ots 1ags available in HTML. We discuss some

tags among them.

Example:

<htmi>

<head>
<rite> My first page <ftitle>
</head>
<body text="white™ bgcolor="blus">
This is & html page.
<i>This 15 italie<i> and this is <h> bold=he-,
</body=
<html=>

Heading Tag i
One of the carliest means of formatting text was the heading tag. It is availahle in six
levels of importance from <hl=> down ta <h6>, as shown in the following code and in
Figure. You might think of these headers as headlines for chunks of 1ext,
<himi>
<head>
<title~Header Example</title=
</head>
“bodyz
<hl=This s an example of a level 1 header, </h| =
<h2>This is an example of a level 2 header, </h2>
<h3=This is an example of a level 3 header <3
<hd=This is an cxample of a level 4 header.</hd>
<hS=This 15 an example of a level § header </h5>
<h&>This is an example of a level 6 header. </h6>
</body>
=mmi=

PELY-ITS
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Paragraph Tag
The <p> elemem offers a way to structure your text. The p ag signifies a paragraph
break The paragraph breaks cause the browser 1o skip a line. Also, the p tag is
considered a contatner tag because its opening and closing taps should be used to comain
paragraphs of content.
Eaneh parapraph of text should go in between an opening <p> and closing </p= tag.
</p>tag as shown below in the example:
<p=Here is 8 paragraph of text </p:-
<p>Here Is & second parngraph of ext </p=
<p=Here is a third paragraph of wxt.</p>
You can use align altnbute to align vour paragraphs
<p align="1cft">This is left aligned </p=
<p align="cemer">This is center aligned </p>
<p align="right"=This is nght aligned.</p= _
<p align="justify">This is justified. This works when you have muliiple lmes in
wvour paragraph and you want o justify all the lines so that they can look more
nice </p>

Line break: :
The br tag inserts a simple line break, Whenever you use the <br /> ¢lement. anything

following it starts on the next line, This tag is an example of an empty clemeni, where
vou do not need opening and closing tags, as there &5 nothing 1o 2o in between them. It
tells the browser to drop down 1o the nexi line before continuing, f you insert muliple be
tags, the browser will drop down several lines before continuing.
Example:

ﬂp:.:-

Jack and Jill went up a hill <br =

Tocatch a pail of water <br /&

Jack fell down and broke his crown <br >

And Jitl came tumbling after <br >

-{J'pb

D 5. (a) State different types of lists with examples in HTML.
(b) State the use of <pre> and <del> tags.
Answer:

(n) There ure three types of lists in HTML: ) .
. ] Ordered LH“;H{“‘;:“ are sometimes called pumbered lists, and list ilems that have a

specific numerical order or ranking. This list is creared by <ol tag. The “_"“""Il"'":ﬁ
starts al one and is incremented by one for each successive ordered st eleme

: e of numbers you like
lagged with <li>. You can use fype arinute 10 specify the Hype POLY-ITS
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(Attributes: type = [|Alalli), By default it's & generic numbers. You can also use starf
artribute to specify the beginning of any index. For example: .

<ol

<li>Entry 1<s1is
<1lisEntry 2es1is
<lisEntry 3<s/1i>
</oi>
*  Unordered Lists: These are sometimes called bullered lists, because they have small
bullet icons in front of the list items. They are for lists that don't have a required
order. Use the <uls> tag (the ending </ul> 1ag is required) to createa lst with
bullets instead of numbers, Just like with the ordered list, the elements are created
with the <1i> tag. For example-
<ula
<li=Entry l<ilis
<li>Entry 2</1lis
<lis=Entrey 3c/lis
</ ul>
*  Definition Lists: These are lists of items that have two parts, a term to be defined
and the definition. This creates lists similar to a dictionary or glossary, There are
three tags associated with the defimition list:
i) =di>to define the jist
if} =dt> to define the definilion term
i) <dd> to define the definition of the term

Here is how a definition list looks:

wdl> o
<dr>Thie is a definiticon terme/dcs
<dd>And rthie ts the defipitiene</dd>
<dt>term 2o/ dt»
<ddsdefinition Z</dad-
<dt>term l</dt>
<gd>deFinition l</dd=

4/dl>

(b) Use of pre tag: Sometimes you want your text to follow the exact format of how il is
written in the H1ML document. In those cases, you can use (he preformatied tag (<pres),
Any text between the opening <pre= tag and the closing </pre> tag will preserve the
formatting of the source document.

Use of del tag: The HTML Deloted Text Elomeni {=del>) represents a range of text that

has been deleted from a document. This element is often (but need not be) rendered with
strike-through text.

=htmls
<head><titlesUse of del tag ipn html</titles
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< fheads
<body >
<predal>Thies Eext has been deleted</dels, hers is the rast
of the paragraph,
< fp>
</ hody>
</html=>

= 6. (a) What is the difference between class selector and id selector in CSS.

(b) Give coding example for inline styles of USS. c [Model Question]
Answer:
(a) i) The difference between class selector and id selector is that an id selector can be
called only once in a document, but a class selector can be called multiple times in a
docurment.
ii) The id selector uses the id attribute of the HTML element, and is defined with a "8%,
But, the class selector uses the HTML class atiribute, and s defined witha ™"
iii} The second difference (s that id can be cafled by lavascript's setElememBy(D
function.

{b) Coding example for inline styles of C85:
<html>

<body>

<hl ftyle="color:redimargin-left:30pe;*>This is a heading.</hi>
<p>This is an example of inline styles .</p>

= /bady-

</hemls>

[Model Question]

= 7. Why do we need to have 2 dynamic webpage? What is the advantage of using
style sheet in formatting the different elements of webpages in a website? How
can we link a stvle sheet 10 a webpage? [Model Question]
Answer: : )
A dynamic web page is & web page with web content that varies based on specific
parameters provided by a user or a computer program. Dynamic webpages rrlnrmge
the eontent in the website effectively and thereby make the site more anractive which in
turn will attract more customers 1o the site. Also dynamic web designs empower the
owners with the ability 1o upload information on their own, through password protected

administrative platforms,

Henefits/ Advantages of C85: _ -
1) We can write CSS once and then reuse as many times in the same pages. Thus it saves

lime.
POLY-ITS
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2) If using CSS the pages load faster. 1T we are using CSS we do nol need to write I{TM L

tag attributes every time. So less code and faster download times.

3) S5 allows casy maintenance as Lo make a global change simply change the style, and

all the elemants in all the web pages will be updated automatically.
4) C55 has a much wider array of attributes than HTML
51 CSS allow eontent to be optimized for more than one type of device,

There are four different ways of inserting a CSS styles in webpage.
1) Embedded or Internal CS8: Using the <style> Element:

We can put CSS rules into an HTML document using the <style> element. This lag is

placed inside <head=...</head> tags, A peneric syntax;
<head> <style type="text/css" media="..."> Stvle Rules ............ <style> </head>

2) Inline CS8: Uses the stvle Atribute of any HTML element 10 define style rules, These

rules will be applicd 1o that element only.
Cieneric syntax:

<element style="...stvle rules...">

3) External CSS: Uses the <link> Element to include an external stylesheet file in the
HTML document. An external stvle sheet is a separate text file with .ess extension.
Define all the Style rules within this text file and then you can include this file in any

HTML document using <link> element,
Gieneric symax of including external CSS file:
<head> <link type="text/css” href="_." media="..." f><'head>

4) Imported CSS: Uses @impon Rule to impon an external stylesheet in & manner

similar to the <link> element.
Generic syntax of [@import rule
<head> <@impon "URL"; </head=

= 8. (a) Using the FROM tag of HTML create a registrution form containing the

below mentioned Nelds:

{i} First Name (Using text boxes)
(i) Last Name (Using text hoxes)
(1ii) E-mail 1D (Using text boxes)
{iv) Gender (Using radio button)

iv) Hobbies (Using check boxes)

{vi) Submit Button and Rest Button.

(b} In your browser there will be a textbox o enier your name. There will be a
SUBMIT button. If your name field is emply then on submit this will give an
alert that your name field is empty. If your name is more than 10 characters

PLULY-ITY
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long then it will give an alert to enter your name properly, Else it will display
your name in capital, bold and in red colour. Model Question]

Answer:
(a) <htmls=

<head<titlesWelcoma Lo Registration Page</title»«</heads
<body>

<form>
<pres
First Name <input type="text" size=%10" maxliengrn="40"
pame="namea"><br />
Lagt Mame <ifput type="taxi" size="10" paxleimgth="4&0°
name= "name"><hr />
Email ID cinput type="texr" sizer"10" maxlength="40°
name="namea"><br />
Gender <input type="radioc" name="faglietratoon’
value="Male">Male<hr />

<input type="radion” namcs="Fegistration®
value="Female">Female<br />
Hobbies

<imput Lypes"chackoox® nane: *Aegistration®
valua=*Drawing"=Drawing<br /> ;

<input type="*¢gheokbox* cans-"Registration®
valua="Singing "=8inging<br /=

<input types *checkbox® nama="Registration®
values"Dancing">Bancing<br />
</ pres
<putton typez'suhmjt' nane="Hegiscratian”

value="fubmic " >Submic</bucton>
<input type-"resat* yalue="Reset” />
</ forms

</body>

</htmls

(b)
<hcmis
<head=>
eacript types'taxt/javascript®>
function abe(}
[ - L
Var unme-ducumeu1.gntElumaniﬂyId['nnme }.value;
LElname=="") .
dlert | "Your name field 15 empbyi®);
else if(name.length > 10} .
alert ["Enter your name proparly!®iy
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else
(
name=nane . toUpperCase () @
name=name.Daldi)
document .writel{name. fantoalor | ¢ ol Y
3
j °
<fgerint>
«/heads
<bhody>
<inputr type- 'text' Litles'Name' id-'name's
<imput Lypes‘submit' onclick='abel)" value="'Submit"»
</body>
</html=

< 9. (a) Write down the features of scripting language. How markup language is

different from scripting langusge?

(b) Create a HTML page with the following features.

Hyperlink, List and Form. [Modet Question]
Answer:
() A markup language is simply a set of tags that are used to "mark up" text documents
5o that sections of text can be logically arranged and labeled. These documents can be
viewed as plain text, or, more commonly, are viewed through a browser. The browser
parses the document, looking for markup tags, and it then arranges the text and/or formats
itaceording o the values in the tags’
Scriptirfi languages, on the other hand, are interpreted at run-time. This means that cvery
time you want to run the program, a separate program needs to read the code. interpret it,
and then follow the instructions in the code, Compiled code has already been Interpreted
inte machine language, so it is will typically execute faster hecause the conversion info
machine language has already been done.

(b)

<html>

<body=

“n2d>Introduction to Hyperlinke</hls
“pPe<a pref="#C4sJump to Chapler d</a=c/p>
<h2>Chapter l</h2>

<p»This chapter explains leips
<hZ»Chapter Je/his

=p>This chapter explains 2</p»
<h2>Chaprer Je/h2s

“p>This chapter explaineg lc/p>

<h2 id="C4"»>Chapter d4</h)s
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<p+This chapter axplaing 4</p>
<h2=Chapter 5</h2s
<p>This chapter explains S</p>
<h2>Introduction to Unordered List withour Bullets.....</hi»
=yl style=*list-style-type:nona*s>
<lizCoffea</lix
climTea</li>
cli=Milk</1di>
</ul>
<h2> Intreductlion to Ordered Limt.....</hlz
<ol -
<lizCoffeac/li>
cliwTea</li>
<li>Milk</Lli>
<fal=
<hZ> Introduction to Forms....</hi>
<form=
First name:<br>
cinput type='"text® name=*firstname*>
<br>
Last name:<brs>
<input types"text" name="lastnams”>
</fozm>
< /bhody>
</html=>

< 10. Write a simple serviel program which will return the current data and time.
[Model Question]

Answer:

wmport java.io.¥;

import java.temb.*:

import java.util.Date;

import javax.gerviet. *;

import javax.servlet.htop. *;

public class CurrentDate excends HttpServlet |

public void doGet {HttpServletRequest request, HrtpServlietResponse

response) throws ServletBExceptlon, I0Exception {

// Bat response content type

response. serContentType | *text/huml® )

PrintWricer out = regpnnﬂa.qltWFIEET[i.

String title = *Display Current Date & Time;

Date dMow = new Datel |: )

SimpleDateformat [t = new Simp) DateFormat ("E yyyy. .MM dd ‘at

hhimm:sa a zzz");
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string docType = "<l!doctype html pubiie \*-//wic//ded himl 4.0 *
“rransitional //enh"s=\n";

out.printinidacType +

*<htmi>\g* =+

*<head>critle>® + Citle 3 *z2/titles</hHead>\p® =

*<body hgooloy = V\"#E0E0F0V">\n"

*<hl align = \“centeri =" + titls + "¢/ his\n* +

*<h2 align = \“genter)== : fr, K forrmat[dNow) + "</ hH2Zs\n" o

*< fhody>

</html>*

;
i
]
!

Output:
Display Current Date & Time
Mon 2010.06.21 at | 0:06:44 PM GMT+04:00

< 11 Create a JSP puge to find the factorial of a number.
Answer:
First install Netbeans Software. Then choose new project (web application). Now select a

index.jsp page within "Web pages”. and paste the following code 10 create a simple him)
page{l.e. your index page)

[Model Question]

CODE:

<%

Document : lndex

Created on : 12 Oct, 2012, 7:35:11 PM A *
Auchar : nested code Leam

— &

<k@page contentType="text/html* pagefncoding=*UTF-8"%>
=<IDOCTYPE HTML PUBLIC *-//WiC//LTDH HTHML 4.01 1
Transicional//EN"
“http;://www.wl.org/TE/html4/leose ., dté" >

<htm] > '

<head>

<mete htrp-equiv="Content-Type' sontent="text/html;
charset=1TF-

4>

<Litle>JSP Page</title>

</heads
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<hbody><brs><brs<centers

<form action="fact.jsp ">

<hl>Enter the no :: <input type-text namesn schrs<hps
<input type=submil values="Submit*></hl>

</ Eorm></centers>

=/ body>

</html>

Now we have 10 ereate the "fact.jsp" page, so choose again a new jsp page and give the
name as "facLisp". Now paste the following code,
<HTML=>

<«HEAD=>
<TITLEsRecursion</TITLE:

< /HEAD>

<BODY>

<Hl>factorial number Using Recursion</His
<% |

int numberfactoriallint number)
{

if (number == 1} [

return number:

}

elza |

return number * numberfactorisl (nurber - 19

i
!
i

!
L1

<8

out.println{*he factoria! of 5 igs " = pumbarfactorial (8)):
>

</BODY>
< /HTHL>

2 12 What are the different ways of adding stvles (CSS) to o webpage? Write the
precedence rule (or priority) for the same with suitable example.

[Model Question]
Answer:

1" part;

There are four ways to associate styles in the HTML document,

1) Embedded CSS - Using the <style> Element:

We can put CSS rules into an HTML document using the <style> element. This 1ag is
maced jnside <head=,..</head> 1aps. Rules delined using this syntax will be applied 1w all
the elements available in the document.
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A generic synlax: divemyBluelIV (-webkit-order: 4;)
<head> <style tyvpe="text/css"™ media="..."> Btyle Rulas divtmyGreenDIV (-webkit-order: 1;)
............ efstyles </heads - divimyPinkDIV' {-webkit-order: 1:)
/% Btandard syntax */
2) Inline CS5: Uses the style Atribute of any HTML element w define style rules. These , SivhmyRodDIV:  (order: @)
rules will be applied ta that element only divémyBlueDIV {order: ;)
Generic syntax: div#myﬁlfee_nnlv {order: 3:)
calemsnt style=- .. scyle rules "> divimyPinkDIV {erder; 1;]
el il s </style»
= </head>
3) External CSS: Uses the <link> Element 10 include an external stylesheet file in the <budy>
HTML document. An external style sheet is a separate text file with .css exiension. <hl>The erder Property</hl>
Define all the Style rules within this text file and then you can include this file in any <div id="main®>
HTML document using <link> element. «div style="background-color:coral;:* id="myRedDIV*></div>
Generic syntax of including external CSS file: <div style=‘background-color:lighthlue;* id- myBlueDIV-s</diyv>
<heady> <link type=“text/css® href="...* media="..." /> </heads <div style="background-color:lightgraen; *
td="myCresnhTV*></divs
4) Imported CSS: Uses @import Rule 1o import an external stylesheet in a manner d;’ii_’:r: style="background-color:pink:* (f="myPinkDIV*></dive

similar to the <link> element

Generic syntax of @import rule. <pr<b>Notei=/b> Internet Explorer 10 and earlie: versions do not

support the order properby.</p>

<head>» <@import "URL"; </hcads <pr<b=Note:</b>» Safari 6.1 |and newer) = ern Ve
3 = 5 P i -a T upports an alternative,
e stile Siec Rishu BBtz IS, the -webkit-order property.</p» > "

Another syntax can be used as well: </body»
chead>» <@import url{*URL*}: </head> < /html =

2" part:
<1DOCTYPE hetml>
<heml»
<head>
<gtyles
#main |
widith: 400px;
height: 150pe;
horder: Ipx salid #cicici;
display: -webk-.t-flex; /* Eafari "/
digsplay: Elex;
I
dmain div
width: T0px;:
height: Tlpx;
}
f* Safari 6.1+ "/
divémyRedDIV  {-webkit-order: 2:]
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Chapter 5: Introduction to Computer Security \l

Chapter at a glance:

51C ute

Computer security is a field of computer science concemed with the control of risks
related to computer use, The subject deals with the objectiv® 1o create a secure computing
platform, designed so that agents (users or programs) can only perform actions that have
heen allowed. This invoives specifying and implementing a securily policy, The actions
in question can be reduced to operations of access, modification and deletion. In a secure
svstem the legitimate users of that sysiem are still able to do what they should be able 10
do.

It the networked world, the concepts are associated with security are described below.

.2 Authenticati ata Ei ion, Secure Transmission

Authentication is the process of verifying an identity claimed by or for 2 system entity.
Authentication process consists of two steps --- Identification siep, where an identifier is
. presented to the security system and 2 Verification swep, where authentication information
that corroborates the binding between the entity and the presented identifier, is generated
One common method of authentication is the through the familiar username-password
verification. However, more camplex schemes are also employed in situations that
demand high secunty.

in Data Encryption. techniques of crypography are used to “encrypt” a bunch of daa
sent over the network. The idea is that even il 2 snooper is able to scquire such a data, he
may not be able 10 put it 1o use because of the inability to “decrypt™ it. During encryption,
the original data is éncrypted based on & “cipher” ---- an algorithm that transforms the

griginal data into encrypted data based on a “key". The decryption can be carmied out

easily only if the key is known. Otherwise. it may be very difficult, il not impossible, W
do so. i

Till about 1978, the concept that was used is known as “private-key cryptography™ - the

encrypling and .the decrypting keys were the same. This method has an inherent
weakness, namely, the key itself. The Jegitimate receiver must be made aware of the key
ard the process of “key exchange” may as well be vulnerable w snooping. |1 the key
becomes known 1o the snooper, its purpose is lost. The figure below explains the concept
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5¢Cul:'i13’ was revolutionized with the invention of “public-key cryptography”
Public Err Cryptography is a form of cryptography, which generally allows users 10
commumicate securely without having prioe access to a shared secret key. This is done by

using a pair of cryptographic keys. designated as publi sl ot i
are related mathemaucally. public key private key, which

ITS.99

In public key cqplqmphy. the privale key is gencrally kept secrer, while the public key
muay be widely disiributed. In 2 sense, one key "locks” a lock: while the other is r'equire::i

e unlock it It s ihle i .
qu‘- should not be Fﬂ‘.‘-ﬁlh!l to deduce the privale b,e)- of a pair given the puhhc

Any data encrypted with the private key can be dec

o rypted with the corresponding public

Any data ¢ i TV i i 1
ke}:- nerypled with the public key can be decrvpted with the comesponding private
The figure below explains the above concepts,

Enceypiion

I Becryptn
D I B Cmar 5
hiwe [} L n.....jllL
Lot g el
the eew. E { . e hpw
Ciriginal Puhble Serarbie Provae LU ygnal
data Key s hey daty

Key I‘.mgrﬁ and Encryption Strength: In general, the strength of encryption is related 1o
the difficulty of discovering the key, which in tum depends on both the cipher used and
lhe length of the key. For example, the difficulty of discovering the key for the RSA
-:nphcrl most commenly used for public-key encryption depends on the dimﬂ.ll'h"@f
factoring large numbers, a well-known mathematical problem. Encryption gzu-ng;h €
often deseribed in terms of the size of the keys used to perform the encryplion: in general
Iongcrl keys provide stronger encryption. Key length is measured in bits. For enmplc,.
I.I23~ll:||l keys for use with the RC4 symmetnc-key cipher supported by SSL provide
'i!lgnhgc:ﬂly better crypographic protection than 40-bit keys for use with the same
cipher. Roughly speaking, 128-bit RC4 ion | ™ 1

e m:rypﬁ.;:, peaking, it RC4 encryption is 3 « 10 times stronger than 40-hit
Secure Communication: Here, the sender encrypts the data being sem with the public
l_n:y of the receiver. By definition, the public key of the sender is known to evervbody

including the sender and any potential snooper. 1f 2 snooper gets the encrvpled d.ata. h.e

can do nothing since he does not know the private key of the receiver But the receiver
can easily decrypt the data

Authenticated Communication: Here, the purpose is different — the data received from
i ﬂ:lnd-:t should be verifiable 10 be sent by nobody but the sender Snooping is not of
particular concen. Here, the sender encrypts the dara with his private key. This in effect
puts his signature — called digital signature, on the encrypted data. Anybody can
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decrypi the data using the sender’s public key but the data must have come from the
sender — anybody masquerading as the sender would not have the sender’s private key
and hence message sent and decrypled using the orginal sender™s public key would be
meaningless. 3
Secure Authenticated Communication: Here sender first signs the data by encrypting
with his public key and then secures it by encrypting it further with the receiver’s public
key. Upon receiving the message, the receiver first decrypts it with his private key and
then further decrypis it with the sender’s public key.

( Short Answer Type Questions j

A. Choose the correct answer from the given allematives in each of the
following:

L Inethical hacking and cyber security, there are types of scanning.
[WBSCTE 2022]

(a} 1 (b}2 (e} 3 (d) 4

Answer: (c)

2. Which of the following is o programs that copy themselves throughout a computer or
network? [WBSCTE 2022
(2) Warms (b) Trojans {c) Viruses {d) Rootkits

Amnswer: (c)

3. Which of the follewing port and IP address scanner famous among the users?

. [WBSCTE 2022]
(2) Cain and Abel (b) Angry [P Scanner {c) Snort (d} Ertercap
Answer: (b)

4. Which of the following transmission directions listed in not o legitimate channel?

[WBSCTE 2022]

{a) Simplex (b} Half Duplex (c) Full Duplex  (d) Double Duplex

Answer: {d)

5 Programs that multiply like viruses but spread from computer o computer are called
@s: [Madel Question]
(&) Worms (b} Virus ic) Boot {d) None of these
Answer: (a)
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6. Which of the following is a cybercrime? [Model
" ¥ ! Question
{a)} Hacking () Cyber bulling () Virus attack {d} All of ﬂm:l
Answer: (d)
7. DOS attacks are caused by [Model Question!
(a) authentication (b} Fabrication :
{c) aheration . d) replay
Answer: (b) Sl b
B.  Which of the following is a cybererima® [Mode! Question
: pignkaiainct ]
(a) Hacking {b) Cyber bulling () Virus attack
P e (e} Virus altack (&) All of these
9. Sniffing is a technique used for
[Model Question]
{a) Attacks on computer hardware (b) Attacks on computer sofiware ]
() Attacks on operating system (d) Attacks on wireless network
Answer: (d)

10. The use of the Internet or ather electronic means to stalk or harass an individual, 2
group of individuals, or an organization is termed. Model nu-nuﬁ
{a) Cyberspace (b} Cyber Stalking
(e} Pomography (d) None of these

Answer: (b)

1. In cyber law terminology *DDoS' means
(a) Distributad Denial of Service
(e} Distant Operator Service

Answer; (a)

L. In cryprography, what is cipher?
. (@) algorithm for perfarming encryption and decryvption
{b) encrypted message
{c) both () and ()
{d) none of the mentioned
Answer: (a)

[Modal Question]
b} Dise Operating System
d) None of these

[Model Quastion]

13. In asymmetric key cryptography. the private key is kept by
(a) sender (b} receiver

(e} sender and recejver () all the connected devices 1o the network,
Answer: (b)

[Model Questian)

8. Answer the following questions:
14, What is # Denial of Service attack?

[WBSCTE 2022)
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Answer: o )
A denial of service (DoS) attack is an incident in which a user or organization i dieprived
of the services of a resource they would normally expest to have, In a disinbuted denial-
of-service, large numbers of compromised systems (sometimes cilled o botnet) attack a

single target.

15. Define a worm. [WBSCTE 2022
Answer: .

Worms are very similar to viruses such that they are computer programs that replicate
functional copies of themselves usually to other computer systems via network
connections. Also worms often, but not always, contain some functionality that will
interfere with the normal use of a computer or & progeam. Unlike viruses, however,
WOrTnS exist as separate entifies, they do not attach themselves to other files or programs.
Due of their similarity to viruses, worms alse are ofien referred to as viruses.

16. List some properties of virus. [WESCTE 2022]

Amywer: Properies of compuies viruses
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17. Explain the importance of authentication. [Model Question]

Answer: i
Authentication is the process of venfymg a user's credentials before he can log into the,
netwoark. It is normally performed using & username and password. This provides a secure
means of limiting the access from unwanted intruders on the network.

18. What do you mean hy the term encryption and decryption. [Model Question]
Answer: o
Encryption and decryption in asymmetric-key cryplography are mathematical functions
applied over the numbers representing the plaintext and ciphenext. The ciphertext can be
thought of as € = /(K ... P); the plaintexi can be thought of as /= g(K,,,, C). The

decryption function f is used only for encryption; the decryption function g is used only
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for decryption. Next we show that the function fneeds 10 be a trapdoor one-way function
ta allow Bob to decrypt the message but ta prevent Eve from doing so

19. ‘Whal are the different types of Denial of Service attacks? [Madel Question]
Answer:

Differcnt mechanisms are used by different types of denial service attacks

Flood attacks

The flood anack 15 quite a simple concept where the attackers send a large number of
requesis which cannot be handled by a server. This is done in relentlese way unless the
server gets buckled and then gives up 1o the attacker. The server can again go back w
normal operation when the attack ends. These attacks are quite common as they can be
easily executed casily. You can easily get access to programs that cas be used for such
gttacks. There are different forms of flood attacks. These include:

SYN food- In this type of the flood amacks, SYN requests are semt repeatedly by the
attackers, which the target ultimately accepts. The server can slow down or even get
crashed due 1o such attacks. 1t involves the exchange of the ACK and the 3YN messages.

Ping flooding- This is a process in which the target servers are flooded with I[CMP echo
requests. In this anack. the usage of bandwidth increases greatly. This eventually slows
down or stops the operations of the server.

Smurf attack- The ping messages are pinged by the surf attacks 1o the broadcast TP
sddresses, If there is any response from the target maching and [CMF echo requests are
broadcasted, then the anack spreads to a large number of machines. This problem has
been almost fixed hy the modem routers and this type of anack is now less common

UDP attacks- In this kind of Nood attack, high volume of UDP packet are sent for
pccupying the servers. This prevents the legitimate clients from geting access w the
server. In this process, the attacker needs to find a free UDP port.

Logic attacks

The vulnerabilities of a network are exploited by this type of denial of service aitacks.
The intrusion methed is quite different from the flood attacks. These attacks depend on
the non standard trafTic and the security holes in a system are exploited. These antacks
locate the discoverable weakness of the network and then use them,

20, Name different viras, worms that can affect portable devices like laptop, mobile
phaones. [Maodel Question]
Answer:
Viras: Dus, Cdropper, Fortal, 3gesplorer
Warms: 1Kee, 1asco .
Trofans: Shulls, Gingermaster, DroidKungty, MOSQIT-A
Mabwares: Cabir, Commwartior
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11, Classify attacks on mobile devices. [Model Question]
Answer:
Maobile device attacks can be split into four main categories:

OF Anurcks: Loopholes in operating svstems create vulnerabilities that are open to attack.
Vendors try to solve these with patches,

Malware or virus Anacks: There has been & constant rise in malware for mobile devices,
The focus is on deleting files and rendering the system unusable.

Mobile App Attachs: Poor coding and improper development creates loopholes and
COMpromises security.

Communication Nemwork Armacks: Communications such ds Bluetoath and 'Wi-F;
connections make devices vulnerable.

( Long Answer Type Questions )

< 1. What is malicious software? Give example of malicious program,
[WBSCTE 2022]

Answer:

These are Internet-based sofiware or programs that are used to disrupt a netwark, The
software js used to gain access to a system to steal sensitive information or data or
causing damage (o software present in the system.

Malicious software, commonly known as malware, is any software that brings harm to a
computer sysiem. Malware can be in the form of worms, viruses, trojans, spyware,
adware and rootkits, etc., which steal protected data, delete documents or add software
not approved by a user, ' :
Malware is software designed to cause harm 1o a computer and user. Some forms of
malware “spy” on user Intemnet traffic. Examples include spyware and adware. Spyware
manitors a user's location and if enabled, it can capture sensitive information, .., credit

card numbers, promating identity theft. Adware also scquires user information, which is,

shared with advertisers and then integrated with unwanted, triggered pop-up ads,

2 2. Describe in brief the different types of Network Security Attacks,

[Model Question)
Answer;
Network security attacks are mainly classified as Passive and Active atlacks, Passive
attacks are generally of eavesdropping (monitoring) on ransmissions, (o obtain
information that is being transmitted. Active attacks involve some daa stream

modification, or creation of a false stream. The different types of attacks are as given
below:
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« Malicious code: includes exeeution of viruses, worms, Trojan horses, and active
Web scripts with intent to destroy or steal information

« Backdoor: Gaining access 1o system or network using known or previously
unknown/newly discovered access meéchanism,

Password crack: attempting to reverse caleulate o password,
Brute force: trying every passible combination of options of a password.

» Dictionary: selects specific accaunts 1o attack and uses commonly used passwords
(i.e., the dictionary) to guide guesses,

« Denial-of-service (DoS): attacker sends large number of connection or information
requests (o a Target. The targel system cannot handle suceessfully along with other,
legitimate service requests. Mav result g system crash or Inability to perform ordinary
functions. !

*  Distributed denial-of-service (DDoS): coordinatéd stream of reguesis is launched
against target from many |ocations simubtaneously.

= Spoofing: lechnique wsed to gain unauthorized sceess: intruder assumes a trusted [P
address -

s Man-in-the-middle: attacker monitors network packets, modifies them, and inserns
them back into network,

= 3. Write down the difference between computer virus and worm.[Model Questicon]
Answer: )

A computer virus attaches itself to a program or file cnabling it 1o spread from one
computer 10 another, leaving infections as it travels. Like & human virus, a Computer virus
can range in severity: some may cause only mildly annoying effects while others can
damage vour hardware, software or files. Almost all viruses are attached to an executable
file, which means the virus may exist on vour computer but it actually cannot infect your
computer unless you run or open the malicious program

A worm is similar 1o a virus by design and is considered o be a sub-class of a virus,
Worms spread from computer to computer, but unlike & vinss, it has the capability 10

-+ lravel without any human action. A worm takes advantage of file or information transport

features on your system, which is what allows it to travel unaided.

< 4 Define Cybererime? Discuss about various types of Cybercrime,

Answer;

ap 1" Part:

Identity thelt is a form of stealing someone's personal information and pretending to be
that person in order 1o obtain financlal resources or other benefits in that peTson's name
Without their consent. Identity theft is considered a cyber crime.

™ Pary;

When any crime is committed over the Interet it is referred 1o as a cyber crime. There

are many types of cyber crimes and the most common ones are explained below:
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Hacking: This is a type of crime wherein a person’s computer is broken into so 11'!:11 h!s
personal or sensitive information can be accessed. In the United States, lw:kmg_ is
classified as @ felony and punishable as such. This js differeot from ethical hacking,
which many organizations use to check their Intemet seeurity protection. In hacking, the
criminal uses a variety of software o enter 2 person’s computer and the person may not
be aware that his computer is being accessed from a remote location,

Theft: This crime occurs when a person violaws copyrights and downloads music,
movies, games and software. There are even peer sharing websiles which encourage
software piracy and many of these websites are now being tarpeted by the FBL. Today,
the justice system is addressing this cyber crime and there are laws that prevent people
from illegal downloading.

Cyber Stalking: This is a kind of online harassment wherein the victim is subjected to 2
harrage of online messages and emails, Typically, these stalkers know their vietims and
instead of resorting o offline stalking, they use the Internet to stalk. However, if they
notice that cyber stalking is not having the desired effect, they begin offiine stalking
along with cyber stalking to make the victims’ lives more miserable.

Identity Theft: This has become a major problem with peaple using the Internet for cash
transactions and banking services. In this cyber crime, & criminal accesses data about a
person’s bank account, credit cards, Social Security, debil card and other sensitive
information (o siphon money or ta buy things online in the victim's name. It can resull in
major financial losses for the victim and even spoil the victim's credit history.

Malicious Software: These are [nternet-hased software or programs thal are uﬂd 10
disrugl a network The software is used to gain access to a system Lo steal sensitive
information or data or causing damage 10 sofiware present in the system.

Child soliciting and Abuse: This is also a type of cyber crime wherein criminals 'snlicit
minors via chat rooms for the purpose of child pemography. The FBI has been spending
a lot of time monitoring chat rooms frequented by children with the ‘hopes of reducing
and prevenling child abuse and soliciting.

= 5. Whal is software piracy? Discuss about the preventive measures against
snftware piracy. [Model Questian]

Answer:

1" Part:

Software piracy is the stealing of legally protected software. Linder copyright law,

software piracy occurs when copyright protected software is copied, distributed. !mdkt'!‘Ed

or sold. Software piracy is considered direct copyright infringement when it denies

copyright holders due compensation for use of their creative works.

OIS

ueti Computer Sec ITS.107
Inl EH'.[._
Here are some of the tips Lo prevenl or lessen sofiware piracy:
Code Key - For the past 5 1o 7 years, software developers have devised a plan 1o lessen
or prevent software piracy. This is by using a code kev. A code key comes with the
software that we buy. Before fully nstalling the software on our computer, we must
provide the specific code key that came with the soffware. After providing the code key,
we can run the software on our computer. The code ke also locks after it has been used.
This is so that the software cannot be installed on vther computers after it has been
installed on one, We will have to call the manufacturer of the software 1o be able 1o use
the code key again. This is not good news to people who pirate software.

Opea Source - Open source software is described as a free software that anyone can
download from the Imemet. A lat of different software can are licensed as open source.
Open source software are under the license free software license. There are also different
upgrades for these open source software that ¢an also be freely downloaded from the
Internet. By using open source software, people don't need to worry about spending a lot
of money for original copies of sofiware. This will alsa lessen the number of people who
gre using pirated software as there are altemative programs that can be used and they do
not have to pay fines when they are caught

Hardware Key - A hardware kev is & device thal is used for anti-piracy. This tool
prevents software vendors to distribute their products or use them withowt authorization
from the copyright owner of the software. The hardware key works when it is anached
a computer. It monitors software licensing and enforces licensing of the protected
software those are detected on the computer. This tool will lessen software vendors from

tllegally distributing the software that they have and is a good prevention measure for
piracy.

Aati-Piraey Software - There are different types of anti-piracy software that are
available for free. Anli-piracy software is used w prevent ittegal duplication or illegal use
of copyrighted sofiware. There 15 also an anti-piracy software that prevents hackers from
getting into the software and copying it withow consent from the copyright owner, Some
of them are also already integrated on the disks of the software thar comains the program.
This may also be for piracy music The anti-piracy association s also looking for other
wiays 1o prevent software piracy, Reporting anti-pieacy may prevent it from happening.

< 6. (n) What are the basic differences between Viruses and Trojan horses?

(h) Explain the concept of tunneling in VPN, [Model Question]
Answer:
) Malicious code-viruses;
Malicious code, which can be also relerred s viruses, 15 inseited anto a host to damage a
systemn, It can corrupt  system, by replicating itself it can deny services or access 1o
netwarks, systems or services. They can also allow sensitive information 1o be copied or
echoed 10 other systeims
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Trojan horses:

It is & program that performs a malicious action butl cannot replicate itself. It may arrive
as.-a harmless file or application with hidden, malicious code. When it runs, we may
expenience unwanied sysiem problems and might sometimes lose information from our
computer.

Example: Trojan horses can be used to ask the user 1 emer sensitive information in a
commonly trusted utility like windows logon screen. Then when the user types his
username and password, the Trojan would then send the information to the attacker and
give error for bad password to the user The logon screen then restants apain and now
when the user carefully enters the username and password it is allowed to enter the
system as if nothing has happened. But actually the username and password are stolen.

b) A virtual private network (VPN] is an extension of a private network that groups links
across shared or public networks like the Inemet. A VPN enables us to send data
between two computers across & shared or public network sueh that it emulates the
praperties of a paim-to-point private link.

Data is encapsulated or wrapped with & header that provides routing information allowing
it 1o raverse the shared or public network to reach its destination. The data being sent is
encrypled for confidentiality in the Private Network. The part of the connection in which
the privaie data is encapsulated is known as the tunnelling. The pari of the connection in
which the private data is encrypted is known as the Virwal Private Network (VPN)
connection as shown in figure, VPNs provide remote access 10 corporate resources over
the public Internet, while maintaining privacy of infonmation.

VFN
Chicat

A VPN connection includes the following components:
* VPN server: A server is basically computer that accepts VPN connections from
VPN clients.
* VPN client: It is also & computer that initiates a VPN conneetion to a VPN
server. A VPN client can be an individual computer or a router,
¢ Tunnel: A twnnel is a portion of the connection in which your data is
encapsulated,
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* VPN connection; The portion of the connection in which your data is encrypted.
For typical secure VPN connections, the data is encrypted and encapsulated
along the same portion of the tonnection,

*  Tunneling protocols: 'I'um]eling protocols are protocols that are used o manage
tunnels and unmmuh?s private data. Data that is (unneled must also be encrypted
te be a VPN connection, The Windows Server 2003 family includes the PFTP
and L2TP tunneling protogols,

¢ Tunneled data: Tunneled data are data that is usually semt across a private
poini-to-point link,

= Transit internetwork: The shared or public network crossed by the encapsulated
dat_aﬂ For the Windows Server 2003 fumily, the transit inemetwork is always an
?P internerwork. The transit internetwork can be the Tnternet or private |P-based
intranet.

S 7. What is denial of service attacks?
Answer:

A denial-of-service attack (DoS attack) is an attempt 10 make a computer or network
resource unavailable to its intended wsers, Although the means to carry cut. motives for,
and targets of a Do& anack may vary, it generally consists of the concerted effons of a
person, or multiple people to prevent an Intemet site or service from functioning
efficiently or at all, temporarily or indefinitely.

A DoS nttack does not usually result in the theft of information or other security loss but
can cost the target person or campany a great deal of time and money. A denial of service
auack can also destroy programming and files in affected computer systems. Some
common forms of denial of service attacks are.

[Mode! Question]

Buffer Overflow Attacks: This is the most common kind of DoS aack that sends more
lfim!; 10 a network address than the programmers who planned its data buffers
anticipated someone might send.

SYN Attack which is initiated betwieen a TCP client and server in a network in which an
attacker sends a large number of connection requests very rapidly and then fail 1o respond
W the reply. This may lead to several lepitimate connection requests pot 1o be
accommodated,

Talrdro-p Attack: This type attack cxploiu'II-' packet fragmentation. The anacker's IP
Puts a confusing offset value in the second or later fragment causing an unprepared
TECCIving system to crash.

Smurf Atiack: In this anack, the perpetrator sends an [P ping reguest to a receiving sile
also indicateing that the request is from another the targetied site using [P spoofing. As a
result, a huge number of ping replies flooding back to the inrocent spoafed host which
can then be unable 10 receive or distinguish real traffic.
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Both [P spoofing and DeS attacks can be prevented by the proper use of firewalls and
configuration of modem swirches and routers which provide techniques like Access
Control Lists, delaved TUP binding, deep packet inspection. eic., for thal purpose.

= & What is the difference between Worm and Trojan horse? [Model Question]

Answer:

Worms: Worms are very sin/lar to viruses such that they are compuler programs that
replicate functional copies of themselves usually to other computer systems via network
commections. Also worms often, but not alwavs, coniain seme functionality that will
interfere with the normal use of 2 computer or a program. Unlike viruses. however,
worms exist as separate entifies. they do not attach themselves to other files or programs.
Due of their similarity to viruses, worms also are often referred 1o as viruses.

Trojan horses: It is a program that performs a malicious action but cannot replicate
itself. It may arrive as a harmless file or application with hidden, malicious code. When it
runs, we may experience umwanied system problems and might semetimes lose
infermation from our compeicr.

Example: Trojan horses can be used to ask the user to enter sensitive information in a
commonly trusted utility Iiké windows logon screen. Then when the user types his
username and password. the Trojan would then send the information to the anacker and
give error for bad password 1o the user. The logon screen then restarts again and now
when the user carefully enters the username and password it is allowed to enter the
system as if nothing has happened. But actually the username and password are stolen,

< 9. (a) Define Cyberstalking. How stalking works?
{h) Explain the different attacks launched with attack vector.

[E} What is Cyberbullying? [Model Question]
Answer:
{a) 1" part: : .

Cyberstalking is a crime in which the attacker harasscs a victim using clectronic
communication, such as e-mail or instamt messaging (1M}, or messages posted (0 a Web
site or adiscussion proup. A cvberstalker relies upon the anonymity afforded by the
Internet to allow them to stalk iheir victim without being detected. Cyberstalking
messages differ from ordinary spam jn that a cyberstalker targeis a speeific victim with
ofien threatening messages, while the spammer targets a multitude of recipients with
simply annoying messages.

2 part:
Cyber stalking works in many ways, depending on the technological capabilities of the
cyber stalker,

s Multiple stalker wilize the services provided on the internet.

FOLI-ITS
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¢ Through Datafurnishing companies S . :
; STng that fidie e
capability to function in 2 society, provide information on a person’s

There are several other methods used by the ey ber stalkers to stalk their victims
- Spyware software

- Phising

- Juice Jucking

- Wi-Fi interface {Jacking)
- Caller D Spoofing

(b) An attack vector is a path or means by which a hacker (or cracker) can gain access to
a computer or network seever in order 1o deliver 2 payload or malicious nmg;vm: Antack
vectors enable hackers to exploit system vulnerabilities. including the human element.
Just like we don’t kpow whom we're up against, we don’t always know what we're up
against. There are different attack vecturs, and we must have pr&{er.w;m against any and
all of them, before we ¢an be secure. Here are some examples, Ki

. Saci_nl engineering involves using social skills 1o abtain or compromise information.
For instance, an attack can involve claiming to be a new emplovee, a friend stranded
on vacation in need of money, a researcher or an a:qumnw Many times, they
offer credentials and other information to make themselves appear more E:gi{imat:c
and suppor their identity, Phishing attacks are a form of social engineering attacks.

Brute farce attacks involve a trial-and-ermor method used to gat information such as
a PIN or password, In this type of aniack, an automated software generates several
Consccutive guesses (0 try 1o isolate the correet solution. These attacks can be used by
hackers 1 deerypl data, or by a security analysis team (0 test network security. These
anacks are both time and resource comsuming When successful, they are usually
based on computer power and the number of combinations tried, rather than an
algarithm,

Bistributed Denial of Service (DDoS) imolves using multiple compromised
systems, typically infected with a Trojan Lo target a single system 10 cause a denial of
service, or DDoS, attack. It floods the server with incoming traffic, which
ny(?rwhelms it, shuis it down, and renders the website or online service uscless for
yisitars. Since the Nood of iraflic comes from multiple sources, selving it is not as
simple as blocking an 1P address

Cross=site scripting (XS8) is 2 type of code injection auack. This happens by
!I?tt1rrm'|l_\a validating user data. insered on a page via an alicred link or web form
I'he eoude can be injected can be any malicious chientside code, such as Flash, CSS,
HTML, JavaSeript, VBSeript, and the like. These happen when developers don't ke
proper measures (o secure their code. PHP developers must be diligent in knowing
how attucks can be carried out (o ensure they address potential vulnerabilitics,

EOLY-ETS



m INTRODUCTION TO IT SYSTEMS ITS.112

(c) Cyberbullying s bullying thai takes place using electronic technology, Electronic
technology includes devices and equipment such as cell phones, computers, and tablets as

:::I-.I.si?:s_mmmuniuﬁm tools including social media sites, 1ext messages, f""ﬂ'* and f F.[J.ND _AMENT ALS OF \

Examples of c:rtgerhullying. _1'nch!de mean 1ext messages or t-nmilﬁ_, numars sent by email

;L m:d on social networking sites, and embarrassing pictures, videos, websites, or fake ELECTRICAI. &
ELECTRONICS

ENGINEERING

. .

NOTE:

We have designed the complete FUNDAMENTALS OF ELECTRICAL &
ELECTRONICS ENGINEERING course material in accardance with new syllabus
under WBSCTE. Hence we are providing chapterwise model guestions and
answers along with new university paper, so that students can get an idea
[ about WBSCTE questions pattern.
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{e) Crvberbullying is bullying that takes place using electronic technology. Electronic
technology includes devices and equipment such as cell phones. compurers, and tablets as
well as communication wools including social media sites, text messages, chal, and
wehsites.

Examples of cyberbullying include mean text messages or emails, rumors sent by email
or posted on social networking sites, and embarrassing pictures, videos, websiles, or fake
profiles.
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NOTE:
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We have designed the complete FUNDAMENTALS OF ELECTRICAL &

ELECTRONICS ENGINEERING course material in accordance with new syllabus
under WRBSCTE. Hence we are providing chapterwise model questions and
answers along with new university paper, 50 that students can get an idea
about WBSCTE questions pattern,
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_Chapter 1: Overview of Electrical Components ||

Chapter at a glance:

1.1 Passive Element:

Elements, which are not enery sources; (which dissipate energy or consumed energy)
are known as passive elements, e.g.. Resistor, Inductor, Capacitor eic.

1.2 Charge

The basic quantity in an electric circuit is the ¢lactric charpe. The unit of the chargge is
caoulomb € and the symbal is Uorg.The magnitude U['Ihcchzrg: is 160210

1.3 Curr

Current is a flow of electrical charge carriers, usually elecirons or electron-deficient
atoms. The common symbol for current is the uppercase lsner 7. The standard unit is the
ampere, symbolized by A.

,d1 0

dt f

Electric current can be either direet or alternating. Direct current (DC) Nows in the same
direction at all poims in time, although the instantaneous magnitude of the current might
vary. In an altemnating current (AC), the flow of charge carriers reverses direciion
periodically. Current per unit cross-sectional arca is known as current density,

1.4 Voltage

Voltage, also called electromotive force, is a quantitative expression of the potential
difference in charge between two points in an clectrical field, Voltage is symbolized by
an uppercase italic letter ¥ or £ . The standard unit is the volt, symbolized by a non-
ltalic uppercase letter |7

Voliage can be direct or alternating. A direct voltage maimains the same polarity at all
times. In an alemating voliage, the polarity reverses direction periodically.

1.5 Resistance

Electrical resistance is & measure of degree o which an objegt opposes the passage of an
electric current.

The resistance is a ratio between voltage (V] across the object and curremt (1) passing

I
through the object R = -,i"

PO Y-

Overview of Electrical Companents FE3
[ clan

It is a medsure of amount of magnetic flux produced for @ given electric current. S| unit
of inductanee is Henry (H).

O .
Mathematical representation of inductanee is L=— where, @ = Magnetic flux,
7

i = Cument

1.7 Capacitance

It is measure of the amount of electric charge stored (or separated) for a given electnc
potential. The capacitance is usually defined as the total electric charge () placed on the

object divided-by potential (V) of the abject. C =%

*

1.8 Power
Electrical Power is defined as the rate at which electrical energy is transferred by an
electric circuit. The Sl unil of power is the Wat,
Work done in elecinic circult
Time

Power=

s B2
P=FI=IR= =
where
P is the power (watt or W)
F 15 the potential difference (volt or V)
1 s the current {ampere or A).

1.9 Energy

It defines as the work done over a time. [t s unit is Kilo-Wan hour (KWh). It is measured
b}' energy meler.

E=Pr (KWhr) "
Elecirical energy is not available naturally and must be cemtrally generated
transmitted to the place to use and distribute to the loads.

1.10 Energy Sources
*  Active Element: ; "
Basically active element is capable to generating the energy. Most important active

elements are current and voltage source, OPAMP ete.

POLT-FE
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] Ideal sources:
ldeal sources are those hypothetical devices, which maintain a constant rated value
(voltage or current) ot its terminals,

L{1]
win AL i i

b .

Above figures show ideal voltage and current source respectively, having no internal
resisiance. B

*  Practical sources:
Practical sources are those devices which do not mainiain constant rated values (voltage
or current) at ils terminals due to internn] drops of efther voltage or current.

Abave figures show practical voltage and current source respectively. For voliage source,
internal resistance is connecled in series whereas for current source internal resistance |5
shunt. Due to these internal resistance there must be some internal drops of either voltage
! current.

s Independent voliage souree:
Provides a specified valtage, it is independent of the current through the element.

: ,,- |

*  [ndependent current snnrce:
Provides a specified current, itis independent of the valtage across the element,

| 6L I

Qverview of Electrical Components FES

«  Dependent source or Controlled sources:
Dependent source / Controlled sources are voltage or curremt penerator whose rated
values are controlled by any other parameters in the circuit or the characteristics of which

depends upan some ather prameters of network (voltage or current), hence known as
dependent sources also,

Dependent Vo lage Souwrce Diepender cwrent Source

( Short Answer Type Questions )

A. Choose the correct answer from the given altematives in each of the

following:
1. Which component opposes any change in current? [WBSCTE 2022]
{a) Resistor (b} Capacitar (¢) Inductor (d) Diode

Answer? (a)

1. The duration of one cycle known a3 [WBSCTE 2027]
() waveform (b} penk value (¢} instantuneous value {d) periad

Answer: (d)

3. The unit of resistivity of o material is - n [Model Questian]
{a) mho ibyolim {c) ohm™ (i} ohim-m

Answer: (d)

4. Resistivity (p) of a metallic condictor -  [Mocer Question]
(2) decreases with the rise in temperature  (b) inereases with nse in temperature
(€} rermains unchanged {d} none of these

Answer: (a)

3. Clementary charge is - . [Model Question]
(a) 2.0 % 10" coulomb (b) 1,66 * 10* coulomb
(e} 16= 10" coulomb 1d) mone

Answer: (¢} POLY-FE
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6. An aliemating voltage is given by v = 30 sin 2 1. The frequency of the a.c. signal

is-
(a) # Hz
Answer: (c)

(b) 2x Hz

T. The capacitive impedance of a circuit is given by -

(a) — (b ox
[t

Answer: (a)

[Model Question]
(e} 1 Hz {d) nane
[Meodel Question]
ic) o {d) none of these
c

B. A 20 fresister is stretched to increase its length double. Its resistance will now be

(&) 406
Answer: 80 €2

(b} 2062

9, The equivalent resistance across the terminal a-b will be

{a) 902 m
(h) 32

{c) 6L} 30

(d) 202

[Model Question]
(c) 1O (d) 562

[Meadel Question]

Answer: (a8)

10. If a voltage source is to be neglecied then the terminals across the source will be

{2) open circurted
(c) bath {A ) and (B)
Answer: (b)

11. An open circuit may be considered asa resistor of value

(&) zero ib) 1040 2

Answer: (c)

12. An ideal volage source should have
fa) large value of e.m.f.
() infinile source resistance
Answer: (d)

13. The time constant for an RC circuits (s
(a) RC {b) L/R
Answer; (a)

[Maodel Question]
(b) short circuited

{d) none of these
.
[Mode| Question]
(e infinity (d) 10 MQ
T
[Model Question)]

(b} small value of e.m.f,
{d) zero source resistance

[Model Question]
(£) LR (d) R/C

POLT-FE
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14. The time constant for an BL circuits is [Model Question]
{a) RC (b) LR fe) LR (d) RAC

Answer: {h)
B. State whether the following slalements are True or False
15, Unit of reactance is same as that of impedance [Model Question]
Answer: True
16. The maximum value of power [acor i 0.5 [Model Question]
Answer: False
17. KircholT's laws are applied for a.c. circult also, (Trué / Falsc) [Model Question]
Answer; False
C. Answer the following questions:
18, What is the unit of inductance? [Model Question]
Answer: H{Henry)
19. What is the unit of capacitance? [Model Question]

Answer: F{Farad)

20, State the unit of reactive power.
Answer: VAR

[Mode! Question]

21. Express the equivalent series impedance of Z, =3 +4) and 7. =6-8/ in polar
form. [Model Question)
Answer:
Z =3#4f

- 4y TR "
Z+Z,=9- .Ij;q'Q: + 4% an '[ -Elz-\ﬁl-ﬂ-lb; - 213082 =084 - 23 oA

22. Ampere hour is unit of which parameter? [Model Question]
Answers:
Armpere hour is the unit of electric charge.
13, Define [Madel Question]
a) Lincar cireuit
by Nop-linear eircuit
POLYSFE
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¢l Bilateral circuit
dy Unilateral circuit
) Neowork

Answer;

) Limear Circuit; A linear circult is one which obeys the principle of superposition and
homogeneity.

b) Non — linear circwit; 1t s that circuit which does not obey the principle of
superposition.

c) Bifareral Circuir: A bilatersl circwit is one whose properties or charactenistics are
same in either direction. [t can wark in both directions.

d) Unilateral Circuit: It is that circuit whose properties and characteristics change with
the direction of operation i.e. it can work in one direction only.

) Nefwarh: A network is  collection of interconnected cempanents.

24. Give an example of passive element.
Answer:

Resistance &, Inductarce (L) and capacitance (C)

[Madel Question)

I5. Determine whether the signal x(r)= sin’s is periodic. If periodic, find its
fundamental period.
Answer:

r{!}:sinﬁ:%{l -caszr}=%-—%m52} =x,{t)+ x.(1)

x ()= -12— is a d.c. signal with-arbitrary period.

x,(1) = -—%mslt = —l—cnsm;f is periodic with period T, = 25 =7

i1,
Thus x(f) is periodic with fundamiental period Ti=

s

( Long Answer Type Questions j

< 1. a) Define Periodic & non-periodic waveform with one example of each.
by Using Source transformation principle find out the current through
resistance B, [WEBSCTE 2022]

MOLT=FE
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~d
Ln
K

Ty

mk

Answer:

a) A signal f(t)is calied periodic If there exists 3 constant T such that
Jt)= f1+T) for —a << where T is called the period of the signal.

A periodic signal exhibits the propenty of periodicity i.e. it exhikits a definite pattern that
repeats over and over again with a repetition period of T,

A discrete-time signal x{n)is periodic if x(p)=x(n+ N} forall

Here N is the sampling period.

All signals other than periodic signals are called non-periodic or & periodic signals.

A sinusoidal signal x(n)=A sin 2z fin is periodic, when J, is a mtional number i.e.

[, can be expressed as f; =-;7 where £ and ¥ are integers.

Remember the sum of two or more periodic continuous-lime signals need not be periodic.
They will be periodic only when the ratio of their fundamental periods is miional. n the
case of diserete-time signals, the sum of a number of periodic signals is always periadic
is the ratio of individual perinds is always the ratio of integers, which is rational

The figures helow show perind.i.t and aperiodic sequences.

'_‘* 11 “ L=

4

POLY-FE
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This sequence is repeating for every 4 samples. Hence the period of the signal N, =4

nimies

-3 =d =]

Aperigdie sequenee

b} According 1o the circuit.

I, (Source current)= 2mA=2%10" A

¥, (Source voltage)= 20V

R =5k02

R =75k02
Using source tansformation principle,
The current through resistance [R_,] =

v, 20 20
+(1+ g)R. s:{uz}x?s 275
& The current through resistance is 0.7 mA,

=0.7mA

< 2. What is resistance? ) [Mode! Question]
Answer: Refer to Article No. 1.5 of Chapter at a Glance.
< 3. Define with its units of fany two) — (i) inductance, (i) capacitance,

(iii) resistance. [Model Questian]
Answer: Refer to Chapter af a Glance,

= 4. (a) Whatis inductance? What is the unit of inductance?
(b) A resistor 'R’ is connected across a potential differemce of 110 V and

dissipate energy at the rate of 220 W. Calculaté the value of R [Model Question]
Answer:

(a) Refer vo Article No. L6 of Chapter at ¢ Glance,

() F=l1ov F=220W
P=vz
220

or, 220=110x/: or, | =
110

POLY-FE
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r=2 10 cs0r (Ans)

) I 2

= 5, Three Resistances of 12 .uhms. 14 ohms, 30 ohms magnitude are connected in
serics and the series combination is connected across a 220 volt d.c souree,
Compute the power dissipated in each resistor and the total power drawn from

the source. [Model Questian]
ANSWEr:

ek R

The total resistance Ry, of the circuit is Ry, =R +Ry+R,= 66 Ohms.

L]
We Know I=p__,___4] mﬁmps
R, 6 6
Total power=[*R_| -ﬂ A 65-400“”:?33,3\\'
6 6
a
Power in R = LE] :-:ll—.—ﬂ--:—ag:-clﬁ—ng 133.33W

: s s .
Power in R, =| 20 x?d:mw'ﬂx?-.d=ﬁw=lﬁﬁ-ﬁ?“
o 6 3

Power in R‘ :tz—ﬁ]+13ﬂ-: Zu"“ﬂh’rn = i‘g}_w F333W Answer
[

o

=S Explain why current through an inductance and voltage across capacitance
cannot change instantancously. [Mode! Question]
Answer;

: ; di
The instantaneous voltage developed across an inductance |5 expressed asv, = [ -~

In order ta bring about an instantaneous change in the current i.¢.. to obtain a finite o
for di —» 07, the voltage should assume an infinite value. )
It is impossible 1o realize such a function physically. It can only be realized

mathematically by a dirac delta function §{¢). So it can be concluded that voltage
through inductance cannol change instantaneously.
POLY-FE
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Current flowing through an capacitance can be expressed us i=C ‘:

!
An instantaneous change in the capacitor voltage would require a current source of
infinite magnitude. [t can only be realized mathematically by a direct delta function. As it
is mt possible to construct an impulse function in physical reality, voltage across
capacitance cannol change instantanecusly,

POLY-FE
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Chapter 2: Electric & Magnetic Circuits |I

Chapter at a glance:

2.1 De d units

Muagnetizing Force (If):

Field intensity at any point within a magnetic ficld is numerically equal to the force
experienced by a unit north {N) pole placed at that paint.

To find field intensity at a point r meter distance away from a pole of m webers, let us

imagine a pole of one Weber placed at that point. The force experienced by this pole is
mx |

& 4, r
Hence the magnetic field intensity N = %th (or AT/m)
T

Magnetic Flux:

Since a unit N-pole is supposed o radiate out a Aux of one Weber, so, the flux coming
out of a N-pale of m Weberis ¢=m wb

Abselute Permenbility ( 1t ) and Relative Permeabilityf w):

The phenomenon of magnetism and electromagnetism is dependent upon a cenan
property of the medium called its permeability, Every medium is supposed 10 pesses two
permeahilities; (2) absolute permeability (4 ) and (b) relative permeability (4, ).

Permeance (P):

It 15 the reciprocal of reluctance, Tt is defined as the propenty of the magnetic material due
to which it allows the establishment flux in tha care. [is unit is wh/AT.

Magnetic Field Iniensity (H): . . )
It is the mmf per unit length along the path of magnetic flux. Thus magnetic field

intensity, H= Hg_ AT [m

Retuctance (R): o : :

i is the resistance offered by the magnetic circuit to the flow of magnetic flux on it

Thus reluctance is the ratio of the drop in magneto-motive force 10 the flux produced in
f

mmf
that part of the circuit. Thus R :—‘—-n.mpenr wims | weber

The reluctance of a substance is:
(i) Directly proportional 1o the length of flux path(l}, and
(ii) Inversely proportional to the cross-section( A}
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ATWh

{
Thus R«—; or, R=
A dtgpt, A

1 ;
or —show that reluctance depends on the
Myl My

The constant of proportionality

relativie permeability.

Magnetomaotive force (nLmf):
It is the force which drives or tends 1o drive magnetic [lux through a magnefic circuit.
When o coil of N turns has current | flowing through it, the magnetomotive force is give
by M = LN ampere turns.

2.2 uclor placed in a

Il & current-carrying conductor 1s pleced in a magnetic [eld, it experiences a force and
starts moving in the direction of the force if it is free. The magnitude of the force is given
by

F=Bllsind
where B = the magnetic flux density

{ = the current in the conductor

{ = the length of the conductor

1 = the angle between the conductor and the filed
The direction of the force is given by Fleming's lefi-hand rule.

2.3 Definition of Hysteresis Loss

Flux denuity (B) T

2]

' 7 Field sirengrh

Fig: shows the effect of hysteresis in ferromagnetic mater als, ‘

The Hyseeresiz Loop

By

We start with an unmagnetized sample al the origin () where both lield strength and
flux density are zero. The field strength is inereased in the positive direction and the fux

POLT=FE
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begins [ grow along the dotted path until we reach Py. This is calted the initial
“q;'.jgﬂl;ﬂlzmlﬂn Curve.

If the field strength is now relaxed then some curious behavior occurs. Instead of
retracing the initial magnetization curve the Nux falls mogs slowly. In fact, even when the
applied field is returned to zero there will still be a remaining (remmant or remament)
flux density at Py, [Lis this phenamenon which makes permanent magnets possible,

Ta force the flux to go back w zero we have o reverse the applied field (P}, The field
strength here is called the coercivinge. We can then continue reversing the field w get to
P5. and so on round this type of magnetization curve called (by J. A. Ewing) a hysteresis
loop.

Significance af this fram the paint of power losses

It is that we have had 10 spend energy in order 10 set up the remnant fluc. To show this
more clearly we'll look al separate figures, The area (shown shaded) between the B-H
curve and the B axis represents the work done (per unit volume of material),

~E el iy relemmed =y
=Ernergy used 1 collipse of field
Mysteres extablish field

loop
¥l denity

y

2.4 An ircuit a ic ci
r s e —
Magnetic circuits Electrical cirenits
B - ¥ EMF
TR il
i
|
-‘:H-N.'-JE.-':,' e
e - %

L, Flux flows from N-pole to S-pole | Current flows from +veto -ve

2. Flux flow is due to mmf 1 Current ﬂnmduemfmr o

1. Resistance to fow of flux is offered by |3 Resistance to flow of current is offered by
reluctance. resistanee R.

emf
Flux = mmf Curreiil = ———

reluctance resistance
; i ; - \ in volts
L) mmf is expressed in ampere turms (1) emfis expressed

POLY-FE
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1 Electrical cireuils =
(i) Current is expressed in amperes.
(i) Current densily 15 expressed in

(A,

_i'c-ilgut'lir cireuits
(1) Fhux 1s expressed in webers.

{ih) Flux density s expressed in Whims

4, Reluctance R -.L“'hm.“ 15 4. ResistanceR _.L.h
o

PA
permenbility whererr s the conductivity.
5 Pmmnue=; 5. Corshatance =
reluctance
6. Pemeab]!it5-=+ 6. Conductivity =———
reluctivity resistiviry
2.5 Faraday's La | ion

Faraday's first law states that “whenever magnetic flux linked with a close coil changes,
2 n induced emf is s21 up in the coil and the induced emf lasts as long as the change in
magnetic flux continues.™

Faraday’s second law states that the magnitude of the induced emf is propartional to the
rate of change of magnetic limes of force.

The phenomenon of electromapnetic induction plays a crucial role in the three most
useful of all elecincal devices: the electric generator, the electric motor, and the
transformer.

2.6 Lenz's Law

Lenz's Law states that “the direction of the induced om f is such as to tend (o appose the
change h the inducing fliw.” The mathematical expression of this law, in conjunction
with Faraday's Law, introduces a negative sign, and gives

e=-N ﬁ "
2.T Fleming's ri
The direction of the induced emf (and hence the . . 4 Lo
induced current) is given by Fleming's Right [lund {field)
Rule which states that “stretch the fore finger. middle
finger and the thumb of right hand in such a way that
all three are mutnally perpendicular o each other. IT
fore finger ponts in the direction of field, thumb
points in the direction of motion of conductor, then M'{d:'::mmfﬂ

middle finger will paint along the direction of induced

conventional current as shown in figure. Fig: Fleming's Right hand rule

POLY-FE
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28 :

This rule is used w determine the dircction of force acling on a current camying
conductor placed in a magnetic field. According to this rule, if the middle finger, for
fimger and the thumb left hand are right angles 10 one anather and if the middle finger and
the fore finger represent the direction of current and magnetic field respectively, then the
thumb will indicate the direction of force acting on the conductor. This rule is used to
determine the chrection of motion of a conductor (rotor) in the magnetic field produced
by the stator for a motor

Thasnb
IMuotion o force

- limgr
{Field ar )

Middhe-finger
{cument)

2.9 e ic Field of an Inductor
The abave inductor having inductance L is connected to the battery through Kev K. In
this case inducted e m fis given by:

To drive the current through the inductor against the induced emf *¢", the external voltage
is applied from the battery which has emf{ E and in this case E =~ ¢

Hence above equation becomes £ = L%

Let an infinitesimal charge dq be driven through the inductor. So the work done by the
cxternal voltage to do this work is given by:

dw=E dy
; di [ Jq}
or, fw=L—dy=Ldil —
cld i ¥ Il dt )
But ﬂ =
i
Saws= Liodi

Total work dome (o maintain the maximum value of current (£, ) through the inductor is
given by

faws | Lidr W= !tl . ‘[H

POLY-FE
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The work done in increasing the currenl flowing through the inductor is stored as the

potential energy (U} in its magnetic field. {f =l=;. L

210 t of eddy current & |
When a meallic body is moved ina magnetic field in such a way that the Oux through it
changes or us placed in a changing magnetic feld, induced currents cireulate throughout
the volume of the body, These are called eddy currems. If the resistance of the said
conductor is small. then the magnimdes of the eddy currents are large and the metal gats
heated up. This heating effect is a source of power loss in iron-cored devices such as
dynamos, motors and transformers.,
The eddy current loss is given by

P=K_.[BEivWw
K_ —» constam 8, — maximum flux density
f— frequency 1 — thickness of the core material
v = ial volume of the core material

Eddy current loss can also be reduced énnsidamhly by the use of silicon from alloy and
employing conducting material of high resistivity.,

L Short Answer Type Questions j

A.Ctﬁmamumndmswmmeglmﬂtemaﬁmmmhnfme
following:

L In case of idegl current sources, they have
(a) zero internal resistance
{c) large value of current

[WBSCTE 2022)
(b) low value of voltage
(d} infinite internal resistance

Angwer: (d)
2. The unit of magnetomotive force is [WESCTE 2022]
(a) ampere-turn (b) weber (c) mha (d) Maxwell

Answer: (a)

3. The property of a material which opposes the creation of magnetic flux is called
= [WBSCTE 2022)
(&) permezbility (d) resistance

Answer: (c)

(b} permittivity {€) reluctance

POLY-FE

1

ic & M Cirgui FE.19
4. The energy stored in a magnetic feld 15 given by (L= self inductance, T=current)
WBSCTE 2021
| : N
miu' (h) 5 15 % () IL (d) LI¥
Answer: (a)

5. Eddy current loss is directly proportional to (F=frequency, B=maximum Dux

density) [WBSCTE 2022]
(a) F and B2 () fand B..
{¢)fand B (d) ¥ and B,

Answer: (e)

6. The direction of induced emf is such that it will oppose the cause to which i1 is
created, is related w low of electromagnetic induction. [WBSCTE 2027]

(8) Faraday's (b) Lenz's (€1 0Ohm’s (d) Ampere's
Answer: (b)
7. The reciprocal of permeability 1s known as- [Mode! Question]
{a) conductivity (b} reluctance {ecymm.f {d}) none of these
Answer: (b)
8. The strength of an electromagnet depends upon- (Model Question]

(b) the current & size of the wire
{d) the current and the number of tums

{a) voltage & size of the wire
() the voliage & number of tums

Answer: {(b)
9. Magnetic lines of force - [Model Question]
{a) never imersect (b) ofien imm
[c) Inersect only in special circumstances () are not predictable
Answer: (h)
10, The ability of a material to set up a magnetic fickd is called its = [Model Question]
{a) permeability (b} permittivity {e) retentivity (d} coarcivity
Answer: (a)
11. The term ‘reluctance” is associated with - _ [Mode! Quastion]
() electrical circuit (b) equal 1o the iron part
() higher than the iron part (d) all of these
Answer: (b)
POLY-FE
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1L MMF required for the air gap of an electro magnet s — [Model Question]
() less than the iron part {(h) equal to the iron part
(c) higher than the iron part {d)all of these

Answer: (a) .

13. Area of hysteresis loop measures —

(a) copper loss (b iron liss

() both copper and iron losses (d) none of these losses
Answer: (h)

[Model Question]

14. The shape of hysieresis loop depends on -
(a) number of magnetic reversals per second
(k) thickness of the laminations of the marerial
(&) punity of the laminated material
{d) laminated material

Answer: {a)

[Model Question)

15, Reluciance of a magnetic material is— [Maode! Question]
(a} directly proportional to absolute permeahility of the magnetic material
(b} inversely proportional to the area of crass section of the magnetic material
(c) all of these

Answer: (a)

16. The value of permeability of free space g, in mtionalized M.K.S units -

o red ; [Modal Question]

{a) 0,796 = 10" (b} 8.85=10"" () am=10 7 (d) 2.998+<10°

Answer: (c)

17. Term "Reluctance’ 15 associated with - [Mode! Question]
{a) clectrical circuit () distribtion line
(c) magnetic circuit (d) generator

Answer: (c)

18. Value of permeability of free space fr, in MES unit — [Madel Question]
fa) 0L.796=1 0" {h)®.85=10 " {c}dm=107 fd) 1

Answer: (c)

19. Strength of clectromagnet depends upon - [Model Question]
(a) valtape and size of wire (b} voltage and number of ums of wire
(¢) current and number of turns of wire {d) petential difference of the wire

Answer: (c)

POLY-RE
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20. Which of the [ollowing is nol true of leakage flux? [Model Question]
{a) It links both the winding through air

(b3 It links the primary winding through air

{¢) It links the secondary winding through air

(d) It does not link both the windings

Answer: (d)

21. What is done to balance the mmy setup due to the secondary current? * I
{a) The primary voltage is increased [Modei Question]
{b) The core Mux is increased immediaely
{€) The current in the primary is increased
{d} All of these
Answer: (¢}

12, In a magnetic ¢lrcuit, once a flux is set up [Model Question]
(o) no further energy is required

(b energy is continuously required 1o maintain the flux

{c) encrgy is released in the form of heat

(d) none of these

Answer: (h)

13, Sell inductance of a magnetic ceil is proporional to [Modal Question]
(a) N {b) I'N QN (d) IN°

[N = No. of turns]

Answer: (¢)

_B. State the following statement as True or False

M. Permeance of magnetic cirewit is similar o conductance of electric circuir,

[Model Question)
Answer: True
15. Lenz’s law is associated with electrostatics. [Mode! Question]
Answer: False
26. Fleming's right hand rule is also known as motor rule. [Mode! Question]
Answer: False
27, Transformers are rated in KVA. [Model Question]
Answer; True
C. Answer the following questions:
28, Define magnetic field intensity? [Model Question]
POLY-FE
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Answer:
Refer to Article No. 2.1 af Chapter ot a Glance.

29. What is the reciprocal of permeability? [Modol Question)
Answer: Reluctivity

30, What is the unit of magneto-motive force? [Madel Question]
Answer: AT (Ampere Tums)

31. What is the unit of reluctance in magnetic eircuit? [Model Question]

Answer: AT/Wh

31. Write down the relation between m.m.[ magnetic Mux and reluctance in
magnetic circuit. [Model Question]

Answer;

Reluctance of a magnetic circuit is the ratio of m.m.f. and flux,

m.m.t
Reluctance=

C Long Answer Type Questions )

= 1. (a) Define self & mutual inductance.

(b) State Faraday's laws of electromagnetic induciion,
Answer:
a} Selfl Inductance: .
When there is a change™in the current or magnetic flux of the coil, an electromative force
is induced. This phenomenon is termed Self Inductance. When the current starts flowing
through the coil at any instant, it is found that, the magnetic flux becomes dircetly
proportional to the current passing through the circuit. The relation is given as:

# - L [

where L is termed as the self-inductance of the coil or the coefficient of self-inductance,
the self-inductance depends on the cross-sectional arca, the permeability of the material
and the number of twms in the coil.
The rate of change of magnetic flux in the coil is given as,

d¢__dW) 4

[WBSCTE 2022]

&=

et dt dl
Self Inductance Formula:
=N ﬁ
I

where, L is the self-inductance in Henries
N is the number of tums
POLY-FE

Electric etic Ci FE 23

o 15 the magnetic flux
! is the current in amperes

Mutual inductance:
Consider twa coils: P-coil { Primary coil) and S<oil (Secondary coil). A battery and a key
are connected to the P-coil, whereas a galvanometer is connected across the S-coil. When
there is a change in the current or magnetic flux linked with the two coils, an opposing
electromotive force is produced across each coil and this phenomenonis termed M utual
Induciange. '
This phenomenon s given by the relation:

d= M
where M is termed as the mutual inductance of the two coils or the coefTicient of the
mutual inductance of the two coils.
The rate of change of magnetic flux in the coil is given as,

dg _ d('MJ’}=_M¢,r

ot ot dt

Mutual Induectance Formula:
H = ﬂlﬁﬂ; .‘::?IN;‘*
where, g, is the permeability of free space
4, 18 the relative permeahility of the soft fron core
N iz the number of turns in coil
A is the cross-sectional area in m*
! s the length of the coil in m

b) Faraday’s Law:
1" law; when the flux linking with the coil or circuit changes (i.¢ if a coil is subjected to
an altemating flux), an emf is induced or if a conductor cuts magnetic flux an emf is

, Induced in i1,

™ law: the magnitude of emf induced in a coil is propartional to the product of rate of
change of flux and no of wms of the coil.

¢ N-‘iﬁ
ot

91 (a) Define - (i) MMF und (ii) Reluctance of 3 magnetic circuit and state their
units,

{b) A current of 20 amps Nowing through a coil of 300 turns produces a Mux of
100 mWb. Find the reluctance of the magnetic circuit. [Model Question]

POLY-FE
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Answer:
a) (i) MMF: Magneto-motive force iz a force which establishes or tends 1o establish the
magnetic Mux in a magnetic circuit,

M.M.F is also defined as it is the difference of magnetic potential. a foree which drives or
tends to drive the magnetic Nux through the magnetic circuit.

MMF. = Flux {¢) x reluctance (8)

= Amperex fums

= Mapneticforce (H) = length of the magnetic circuit (L)
(i) Reluetance of the magnetic circuit is the property of the magnetic material by which it
Opposes or tnes to oppose the production of the magnetic field in & material. Basically it

is the property of a magnetic material. It is expressed by the svmbol 8’ The unit of the
reluctance is AT Weber.
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b} Current flowing through the coil is 20 Amps. No of the wms = 300.
Magnetic flux () =100x107 Weber

We know that.

AT 20x300

Reluctance (8) = —= ——M—
100=107

= 60000 AT/ Weber

> 3. Define - (i) maguetomotive force, (i} permeance, {iii) magnetizing force. State
the units of them. {Model Question]

Answer:

(i) Magnetizing force: It is also called magnetic field strength. It i5 the magnetomotive
force per unit length at any given point in a magnretic circuit, Unit AT/m.

(if) Permeance (P): It is the reciprocal of reluctance. It is defined as the property of the
magnetic material due to which it allows the establishment flux inthe'core. ts unit is
wh/AT. =

(iii) Magneto Motive Force: It is expressed as a current, | flowing. through a coil
of N tumns. The magnetic field strength of an electromagnet |5 thereflore determined
by the ampere turns of the coil with the more tums of wire in the coil the greacer will
b the strength of the magnetic field. Umtis AT.

S 4. What do you mean’ by megnetic hysteresis? Draw the hysteresis loop of o
ferromagnetic material. [Model Question]

POLY-FE

R

Elsctric & Magnetic Circuits FE.25

Answers
Magnetic Hysteresis:
Flux density (H) T

P
The Hysteresis Loop

Py

7 Field sirength —s

Fig. shows the effect of hysteresis in ferromagnetic materials
we start with an un-magnetized sample at the origin {P;) where both field strength and
flux density are zero. The field strength is increased in the positive direction and the flux
begins to grow along the dotted path until we reach Py This is called the initial
magnetization curve,
If the field strength is now relased then some curious behavior occurs, Instead of
retracing the initial magnetization curve the flux falls more sfowly. [n Tact, even when the
applied field is returned to zero there will still be & remaining (rempant or remanent)
flux density at P4 1t is this phenomenon which makes permanent magnets possible.
To force the Aux to go back to zero we have to reverse the applied field (P.). The ficld
strength here is called the eoercivity. We can then continue reversing the field o get to
PS5, and so on round this type of magnetization curve called (hy J. A. Ewing) a hysteresis
loop,

L1

Significance af this from tle point of power losses
I 15 that we have had 10 spend energy in order to set up the remnant flux. To show this
more clearly we'll look at separate figures. The area (shown shaded) beiween the B-H
curve and the B axis represents the work done (per unit volume of material).
= Energy relessed by

“Emerey used 10 collapse of fiekd
entablish field
P

Hysleresd
|u|‘||:|

Flux dermiy Fluy, denmity

I
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=~ 5. State and explain Lenz's law. [Model Question)
Answer;

Lenz's Law states that “the direction of the induced em 1. 15 such as to tend to appose e

change in the inducing Mee” The mathematical exXpression
with Faraday's Law, introduces 2 negative sign, and gives

D

e==-N_T

df

of this law, in conjunctioy

= 6. (a) What is eddy current? How it can be minimized?
(b} What is 'Dot’ carrent and 'Cross' current?

Answer:

(a) When an alternating magnetic field is spplied to a magnetic material an emf i

induced in the material itself according to Faraday's Law of Electromagnetic induction,

Since the magnetic material is # conducting material, these EMFs circulate curments

within the body of the material, These cireulating currents are called Eddy Currents,

They will occur when the conductor experiences a changing magnetic field.

As these currents are not respansible for doing any useful work, and it produces a loss

(IR lass] in the magnetic material known as an Eddy Current Loss,

[Model Question]

i part:

To reduce the eddy currents in the metal armature of motors the wire is wrapped around &
number of thin metal sheeis called Jaminations. This is done because the eddy currents
would heat up the metal and so reduce (dampenj its efficiency.

The laminations disrupt any induced eddy currents and consequently increase the
efficiency of the motor. (The back emf in the iron core slows the motor but is not the
back emf that appears in the windings.)

(b) A cross indicates current flowing in the direction perpendicular 1o the plane of the
paper downwards, -
A dot indicates that current is-coming towards the abserver looking into the paper.

= 7. (a) Write down the Fleming's Left [and Rule,

{b) What do you understand by mutwally induced e.m.[?
Answer:

{a) Kefer to Article No, 2.8 of Chapter at a Glance.

[Model Questicn]

(h) Mutually induced e.m.L is the phenomenon in which a chanpe of eurrent in one coil
causes an induced emf in another coil placed near w the first coll. The eoil (n which
current is changed is called primary coil and the coil in which emf is induced js called
secandary coil.

POLY-FE
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= g, (a) State and explain Faraday's law of electromagnetic induction.
(k) A cail of 100 turns is wrapped around an iros core. If the Nux in the eure_h
given by the equation ¢ =0.05sin(314:) Wh. What is the sell-induced EMF in

the coil at time / = 0.02 see? [Model Question)
ARSWOT:
(a) Refer to Article No.2.5 of Chapier at a Glance.

d
() Emfinduced = N'?f

g= 100ﬂjf—l:r[0,ﬂ§5in{]|4r]}

E=lﬂﬂwﬂ.ﬂ'5x314>¢cm{3l4r]
gat7=002scc= 1560.57 ¥

2 9, An iron ring of mean circumference B0 cm is uniformly would with 500 turns
of wire. When a current of 1 Amp is passed through the eoil a flux density of 1.1
Wh/m® is produced in the iron. Find the permeability of the iron under these

circumstances. [Modal Question]
Answer:
Mean circumferance = #1= 80 cm = 0.8m
. D= ﬂ_.E_ =0.255m
i
Turm. T = 500
Current, 1= | Amp
Sommne = SO0 AT
o i
. Cross sectional area a = 54— =0.05m"
" , Flux
= Flux density = -
[
‘or, Flux = Flux density <a
= 1.1=0.05 Wb~ 0.056 Wb
lux= e
Reluctance
mmf 00 :
L Reluetanee§ = ——=——=R928.0 AT/ Wb
clucinnce, fl‘u.w 0.056
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L
¢ b
FIIS HTI e
: .
S, = =1426.79
S‘ x ;j: X

= 10. A coil of 500 turns and resistance 2062 is uniformly wound on an iron ring of
mean circumference 50 ems and cross-sectional area 4 cm’, 1t is connected to 3
24V D.C. supply. Under these conditions, the relative permeahility of iron is 800,

Calculate the total Nux in the iron. [Model Question)
Answer!
I= %= ':': Amp =1.24mp
Mein circumferance = 7= 50 ¢m =0.5m
Tum, T=3500

Current, | = 1.2 Amp
Smamf = 500x1.2 AT =600AT
.. Cross sectional area a = dem” =0.0004n°
'
iy % i, wa
0.5
T 47 x10" =800 0.0008

m.m.f 600 3
= Wh =4.82=10" W
Reluetanes 12440006 - dadh "

Reluctance, 8=

AT THWE  =1244080.6 AT/Wh

Soflux =

< 11. (a) Define — (i) leakage fux, (ii) fringing of magnetic Aus, (i) useful flux.
{b) Compare between permanent magnet and electromagnet. Which one of these
find wide applications. [Maode| Question]
Answer:
{a) Leakage Mux: The amount of flux lines that do not fillow the core and are lost 1o the
surrounding air.
Fringing of magnetic flux: The cfiect of the finging field is to increase the effective
eross sectional area Ag of the air gap. Due o the fringing effect, the magnetic lux in the
air gap of electrical machines is reduced. This leads 1o the larger effective air gap length,
Useful fux: Basically useful NMuke & the Mux that Nows within the magnetic circuit of on
armature. That is why when there is an sir gap the lux enters the armplure which mokes
it useful Aux

(b) A permanent magnetis an object made from a material that i3 magnetized and creaies
its own persistenl magnetic field  As the name suggests, o permanent magnet |8

POHL-FE
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-]mmaﬂc"l'- This means that [t always has a magnetic field and will display a magnetic
hehavior at all times.

AR electromagnet is made from a eoil of wire which acls a5 a mapnet when an electric
current passes through it Often an electromagnet is wrapped around 2 core af
ferromagnetic material like stecl, which enhances the magnetic field produced by the coll.

permanent Mugnet v, Electromagnet: Magnetic Properties: A permanent magnet’s
magnetic properties exist when the magnet is {magnetized). An electromagnetic magnet
gly displays magnetic properties when an electric current is applied to it That is how
you can differentiate between the two, The magnets that you have affixed o your
rdfrigerator are permanent magnets, while electromapnets are the principle behind AC
motars. : )

pPermanent Magnet v, Electromagnet; Magnetic Stremgth: Permanent magnet
strength depends upon the material used in its creation. The strength of an electromagnet
can be adjusted by the amount of elsctric current allowed to flow into it. As a result, the
same electromagnet can be adjusted for different strength levels,

Permunent Magnel v. Electromagnet: Loss of Magnetic Properties: [f o permanent
magnet loses its magnetic properties, as it does by heating to a (maximum ) temperature, it
will be rendered wseless and ils magnetic properties can be only recovered by re-
magnetizing. Contrarily, an electromagnet loses its magnetic power every time an electric
sument is removed and becomes magnetic once again when the eleciric field is
introduced.

Permanent Magnet v. Electromagnet: Advantages: The main advamage of a
permanent magnel over an electromagnet is that a permanent magnet does not require a
continuaus supply of electrical energy to maintain its magnetic field, However. an
electromagnet’s magnetic field can be rapidly manipulsted over 2 wide range by
centrolling the amount of electric current supplied 1o the electromagnet.

912, A ridial yaw cut of 2 mm cutl in an iron ring of mean dinmeter of 21 cms,
radial thickness of 4 cms axial length of 2 em. 17t is wound with 1000 turns of
wire, calculate the current required to produce a flux of 96 m Wb in the gap.

Relative permeability is 3000, [Model Question]
Answer:

Mean circumferenee = £ =z« l_lnlﬁ m = .659m

Cross sectional area, a=4x2x10"m* = 0.0008m®
Puen, 7= 1000

Let Current 1" is required to produce the said flux
M f = < 000 AT
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. 1x10”

= = ATIWE = 198943678 AT/Wh
woxa  drxl07 < 0.0008

Reluctance i air gap. §, =

2 B s n‘l-.m.l'.
lux
F 1000

ar, IE?SQ-I.‘E:.-’EI’—_.,: or, d = 1000 =1980436. 7836410
360

1989436.T8= 36107
= A A =T1.6197
1 D00 = % AR

. Required current is 71.6179 Amp.

~ 13. (8) Can the magnetic flux be insulated? Give the sketch of a magnetic
hysteresis loop. Indicate in the loop the positions of remanent Mux density.
{b) Distinguish berween magnetizing force and magneto-motive force.

[Momel Question)
Answer:
a) Magnetic flux cannot be insulated. There is no material that can insulate the magnetic
freld. Matsrial magneized 1w
seturation by alignment
M gneicestion of of domains
maerial ™M
[“’11:!1 drivmg magnetis feld drops o 4
fero, the ferromagnetic  material -

pciaing & consmdersble degres  of
progmetieatson. This oo useful 15 &

|magsiete memory devics

The malerml follows & non-lnear
meEgnel ation curve whien
matgnect Fed from i et feld valie

-
= Appdied neegnielic
™ H feldinteisiy

[The driving magnetic field muw be
revenned. mnd  incromsed 10 8 o

value 10 drve the magnetoston Lo The hysterciis  hoop shows  the  himary

dependent” mature  of  magnetistion of =

— ferromagnenc materml Cre the maredizl hias
" ~ been drived) lo ssturation, e magaebnng feld
can then be dropped 1o #evo and the maieral
i will retnn e of il magneldation
Towanis saturation o the {11 remmembers 18 history )

oppoic direction

b) Magnetizing force: It is also called magnetic field strength, 1t is the magnetomolive
force per unit length at any given point in a magnetic circuil.

Magneto Motive Force: It is expressed s a current, | lowing through a coil of N wrms.
The magnetic ficld strength of an electromagnet is therefore determined by the amper®
turns of the coil with the more turns of wire in the coil the greater will be the strength of

the magnetic field.
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14 An eleciromagnet is of the form and dimensions showa. It is made of ivon of
214

square cross-section, 50 mm in side. A flux density of 1L.2m Wb is required in the
alr gaps. Neglecting leakage and fringing, find the number of AT required. Take

pr Lo be 2000 at this Alux density. [Modal Question]
AN gup
15 4 * 8 mm
:rr:m 200 mm —:] 1
ANSWer: - .
Length of the air gap [, = 2.5mm = 0,0025m .

Cross sectional area a = 507 ™ = 0.0025m°
Reluctance in air gap .
5, = - 0,{1025 _AT/Wb =T95774, 715 AT/Wh
*opma 4rx107 x«0.0025
- Reguired flux = L.2mWb=12%10"Wh
flux = _____r‘l'l.l'l‘l,ﬁ
Reluctance
smml =MuxxReluctance=1.2x107" = 7957741547 =95457 °T

/57,0206 AT is required to produce said amount of flux in ai, 2.

= 15. Whaut is relative permeability? Compare betw:- en magnetic and electric
circuit. [Model Question]

Answer: Refer to Chapter at a Glance.

= 16. (a) Draw neatly the hysteresis loop and indicate hysteresis loss on it.
(b) A coil of 500 turns and resistance 20 €0 is uniformly wound on an iron ring
of mean circumference of S0 centimeters and cross sectional area of dem”. It is
connected 1o 24 V D.C. supplies. Under these conditions, the relative

permeability of iron is 800, Caleulate total flux in iron. [Model Question]
Answer:
1) Refer to Article No.2.3 of Chapter af a Glance.
iyt s ) s

agr A 4rx107 x800x 410! 4rxBO0xdx]l0

. ‘f._—‘—.'s"m S S00x10" o x10° henry!
drx32x10" Arx3?  4ped2
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TN

9 1

N T g soox12 600
S LMx10" 12ax10™  |.2axiot

=483 87x 107" Wh= 483872107 Wh=_4%ImWh

¢

<= 17. (a) Define with its units of -
(i) absolute permcability,
(i} reluctance,
{iii) magnetomotive force,
{iv) permeance.
{b) A curremt of 5A is passed through a 1000-turn coil wound on @ circular

magnetic circuit of rudius 120 mm, Calculate (i) the magnetomotive force, and

{ii} the magnetic field strength. [Mode| Question]
Answer:
a) Refer ta Article No. 2.1 of Chapter ar a Glance,

b) Electrical Technological

1=354A N = 100 tums
D=120%2mm |=xad
=24 * 10~ m =gx |222x10%m

=z x25% 107

(i) magnetomotive force =NI= [000 = 5= 5000 Amp '

{if) Magnetic field sirength
I £ -] -
Hz£=|i}0ﬂx_.><]ﬂ Mm:ll_ﬁ‘}

: = 6348 A/m
£ mAxldxl 2

= 18. (a) A coil of resistance 10 shm and inductance 0.1 H is eonnected in series
with a condenser of capacitance 150 pF across a 200 V, 50 Hz supply. Determine
— (i) total impedance of the circuit, (ii) current, (iii) power lactor, {iv) voltage
across the coil, and (v) voltage across the eondenser.
(b) An electromagnet has an air gap of 4 mm. and Nux density in the pap is 1.3
Whim’, Determine the ampere-turns for the pap, Given 4, =4 |07 Him.

[Madel Questien]
Answer: Vi
a) 1ai Q.1 T"
R=100 L
L=01H ’
X, =2nfl=2uru50x0.1=1140 ikl
C=150puF . 10k
PO r-FE

lectric & Magnetic Circuils

L 10’ 10° 10"
Y=gl = _21.230
K= = 0150 1007150

D 2=JB (X, ~X) =10' +(31.4-20.23)
=107 +103.4289 - /203 4289 = 14260

E 200
- SE_ 20 aaisa
i) I=Z 14z
fid 0
_— !"mm =_=——=ﬂ.—lrr”
i) Power £ #1436 .

iv) Voltage across the coil £, = [X, = 14025231 4=440.385 V
v} Voliage across the condenser E. = [X, =14.025x21.23=297.750 V

b) Here, [, =4mm0dem=3x10"m; B, =13 Wh/m’
Ampere turns required for the gap

=H_ xI =—£xl, =13 awxi0? =413683AT

by ' 4mx10

FE.33
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Chapter 3: A.C Circuits ||

Chapter at a glance:

3.1 Pri le_of generation of sinusocidal vollage and vefo
representation

The clementary AC generator (Fig below) consists of a conductor or loop of wire in a
magnetic field that is produced by an electromagnet. The two ends of the loop are
connected to slip rings, and they are in contact with two brushes. When the loop rotates it
cuts magnetic lines of force, first in one direction and then the other.

Fig: Simple AC Generator

i) Instantaneous Value

The value of aliermating voltage or current at any instant is called its instantaneous vaiue .

and is represented by small letter that is, ¢ for emf, v for voltage and § for current

ii) Cycle

Figure (i) shows a sine wave representing one complete cycie. The wave periodically

passes through a definite cycle of changes, each complete cycle consisting of two half
cycles (one positive and one negative) exactly identical, during one of which the voltage
dels in one direction around a circuit and during the other, in the opposite direction

Hence, a camplete set of positive and negative values ol an alternating voltage or cursent
can be termed as a cycle of ac wave. A cycle of ac wave is normally specified in terms of
angular measure spread over 360° or 2 radians,

One half eycle is called alternation. One alternation corresponds to 180" or & radians.

A.C Circults FE.35

— e —3
Bl

¢
L ST . : P - -
L i t —+ T t + i =t t 4 >
H'Inu- B¢ 90° 20 1soe MK e zape 3T 0 M0 Sl dewe
i} 2 " 2= rodamns
H
L]
i
1
1
[}
L}
Lo 1 CYCLE F!
Fig: (i} Sine wave of emfl
iii} Frequency

The number of cycles passed through in one second is called the frequency of the wave.
ltisdenoted by f and is expressed in hertz (Hz) or eycles per second (c/5).

iv) Time Period

The time taken by an altemnaling voltage or current 1o complete one cycle is termed its
time period. 1t is denoted by 7 and expressed in seconds. The relationship between
frequency and periodic time is given by,

Time period, 7= l.f

Angular Velocity |
The angular distance covered per second is defined as angular velocity. It is represented
by @ and expressed in rad/sec. The relationship between angular velocity and frequency
5 given by

w=2rf

V) Amplitude
The alternating wave shape shawn in fig. (i) has equal magnitude for the maximum value
ol positive and negative half of the wave shape. This maximum value of the positive or
egative half of the ac wave is called its amplitude, The amplitude of an aliemating emf,
Voltage and current is expressed by £, and / respectively.

POLY-FE
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vi) Average Yalue

The average value of the current or voltage of an allernating wave shape is the arithmegje
mean of the ordinates at equal intervals over a half cvele of that wave. However, if the
arithmetic mean is found out over the complete cvele, it will be zero for sinusoidal s
well as for non=sinuscidal wave, provided the wave shape is symmetrieal. In such a case,
as much current flows in one direction during one half cyele; as flows in the oppusit
direction during the next hall evele

FUNDAMENTALS OF ELECTRICAL & ELECTRONICS ENGG. FE.3g

Root Mean Square Value

The altermating voluage or current wave shape completes & certain number of cyeles in
one second, each cycle consisting of an identical positive and nepative half evcle. The
value of the quantity in such a wave shape changes from instant to instant, [t becomes
maximum ol & certain nsiant only. In specifying such a varying quantity (current or
voltage), its maximum or peak value 15 rarely used. The root mean square (rms) value of
the alternating current or voltage is more extensively used in practice io express the
quantity. It 15 also termed the effective or virtual value of the allemating quantity.

vii) Form Faetor
The form factor of an alternating current wave shape is defined as the ratio of its rms

value to the average value of current over a half eyele,
rms value of current

Thus, form factor =
Average value of curment

For sine pave,
ms value of current, F=0.707/
Averape value of carrent. /, =0.637/_,
Thus, form factor for sine wave = DT 1.
' 0.6374_,,
Knowing the form factor of an alternating wave. its rms value can be ascertained from the

average value and vice versa.

Peak Factor o
The peak factor of an allemnating curreni wave shape is defined as the ratia of it®

maximum value (o the rms value.
Maximum value of current
rms value of current

This is also called crest factor or amplitude factor.

!
F [ . peak factor = ——=tw = f1 =1.414
Or 4 BiNe Wave, pe m

Peak factor=

Fral 1=t

1
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wormally, the rms value of current or voltage ol an allernating wave is specified. | peak
factor of a wave is known, its maximum value can be deermined, which is necessary ta
calculate the iron losses because these depend upon the value of maximum fux.

3.3 Representation of sinusoidal quantities
Refore discussing the reactive companents, we would like to recapitulate our knowledge
of vector algebra ¥
In altermating current circuits generally, and especially in
networks, the symbolic notation is of great use in
simplifying the calculations of the various gquamtitics
involved. For this reason it will be considered here before
proceeamg 1o work in which such caleulations are
neCessary. ’ . l, i
Fig shows a vecior representing (say) a voltage, whichifs e—— "——= X
expressed inthe usual rigonometric notation, is given by

[ 5in{d.rt-ra:l
Thus, symbaolically, the vector is expressed as

['l.."]z Vg 002+ JV 0 sina = "."m[cosu. +jsinal

or, [V]za+jb

The actual magnitude of Visva’ +47 .

And its phase angle mn"[é]

i

F=sa" + B la.n'(-!—I] is Lhe representution in the polar fonm.
a

Pure Inductance

Any device relying on magnetism or magnetic fields for operation is a form of inductor.
The use of an induetor in o circuit can cause current and voltage to become out-of-phase
and inefficient unless corrected,

Inductive Reactunee (R-L Circuit)
0 an inductive AC circuil, the current is continually changing and is continuously
Inducing an EMF.

: E
Inductive reactance: (=
.
POLYTFE
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Wherr | = efTective current
X = inductive reactance (£1)
E = effective voltage ueross the reactance [ V)
X=ZalL
Wherez=13.14
f= frequency (Hertz)
L = inductance (Henries)

In 2 purely inductive circuit, the resisiance (s negligible in comparison 1o the inducijyve
reactance. The voltage applied to the circult must always be equal and opposite to the EMF

of self~induction.

Applicd YOS {nguced EMF

7, \BL

Fig: Current, Selfnduced EMF and Applied Valtage in an Inductive Circuil

Capacitance
The vanation of an alternating voltage applied 10 a capacitor, the charge an the capacitor,
and the current flowing through the capaciior is shown in figure below.

The current flow in & circuit comaining capacitance depends on the rate at which the
voltage changes.

In any purely capacitive circuit, current leads applied voltage by 90°

POLY-FB
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Capacitive Reactanee(R-C Circuit)
Capacilive reaclance is the opposition by a capacitor or a capacitive cireuit 16 the Mow of
current,
The current Tlowing in a capacitive circuil is directly proportional to the capacitance and
to the rate at which the applicd voltage is changing,
Capacitive reactance X, is measured in phms, as is inductive reactance,
Equation below is a mathematical representation for capacitive reactance,

—
B

where

7= Frequency (Hz)

a=13.14

C = capacitance {farads)
Equation below is the mathematical representation of capucmve reactance
when capacitance is expressed in microfarads (),

Y. = 1,000,000

[& ;'.ﬂjf
Il the applied voliage (E) is chosen as the refersnce phasor, then the current can be
capressed s 4 phasor that leads the applied voltage by 90°
Since the voltage induced in an capacitive circuit always lags the current by 90°, the
|

J2nfC
Equation below is the mathemarical representation for the current that Tows in a circuit

capatitive reactance can be expressed in vector notation as X .=

with only capacitive resctance ] = Lﬂ

Where
I = effective current (A)
E = effective voltage across the capacitive reactance (V)
X = capacitive reactance (£)

Impedance(R-L-C Cireuit)
Eﬂﬂitﬂn below is the mathematical representation for the magnitude of impedance in an
cireuit,

L= R J2m fL+

I . -
e =R+ jX, =X, =K+ JX
Whete X= X, - X, the tolal reactance of the circuit,
|#] < VR4 ¥

POLT-FE
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£ = impedance (12)
R = resistance ()
X = net resistance (1Y)

The relationship between resistance., reactance. and impedanee i shown in Figure belosw,

X

WX =,

This tnangle is known as impedance triangle.

Nating the following poinms

The current through a resistance i5 always in phase with the applied voltage
Resistance is shown on the zero axes.

The current through an inductor lags applied voliage by 90°; inductive reactance is
shown along the 90% axis.

Current through a eapacitor beads applied vollage by 90°; capacitive reactance is
shown along the -90 axis.

Net reactunce in an AC circuit is the difference between inductive and capacilive
reactance.

Equation below is the mathematical representation for the calculation of net
reactance when X, is greater than X,.

X=X - Xr

Where
X = net reactance (£1)

X, = inductive reactance (£3)

X = capacitive reactance (1)

Mathematical representation

Equation below is the mathematical representation for the calculation, of net
reactance-when X, 18 greater than X,

X=x-X%
Impedance is the vector sum of the resistance and net reactance (X) in o eireuil,
as shown in Figure above The angle 0 is the phase angle and gives the phase
relationship between the applied valtage and the current,
Impedance in an AC circuit corresponds to the resistance of a DC eireuit,

POLT-FE
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« The vollage drop across an AC elrcuit elememt equals the curremt times the
impedance Fquation below is the mathematical representation of the valtage
drop noresis an AC circant.

V=17
Where
Vo= voltage drop (V)
I =urrent (A)
Z = impedance (£2)
3.5 Ex f ctive, reactive and aren
Rasic AC Power
Power Triangle
The power triangle represents comparable values that can be used directly to find the
efficiency level of generated power to usable power, which 15 expressed as the power
factor (discussed later). Apparent power, reactive power, and true power can be
caleulated by using the DC equivalent (RMS value) of the AC wvoltage and current
components along with the power factor.

Renciive

IVARS)

T Power {Walis |
Fig: Power Triangle

Apparent Power
Apparent power (5) s the power delivered to an electrical eireuit. The measurement of
Apparent power 1s in voll amperes (VA
S=1"7=1F
Where, S =apparent power (VA)
| = RMS current (A)
I = RMS valtage (V)
Z = impedance (£1)

POLY-FE
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True Power
Truc power ‘FJ is the power consumed by the resistive loads in an electrical circuil,
Equa.tic.-n‘bchw 15 a mathematical represemation of true power. The measurement of s
poOWer is in watts.

P=IR = Fl cosd
Where, P = true power (watis)

I = RMS curment (A)

E =RMS voltage (V)

R = resistance ({3)

& = angle between E and | sine waves
Reavtive Power
Reactive power (Q) is the power consumed in an AC circuit because of the expansion ang
collapse of magnetic (inductive} and electrostatic (capacitive) fields: Reactive power is
expressed in  volt-amperesreactive {VAR). Eguation below is a mathematical
representation for reactive power.

Q=1"% = El sinf
where, Q = reactive power (VAR)

I=RMS current (A)

X = net reactance (£2)

E = RMS voltage (V)

6 =angle berween E and | sine waves
Power Fuctor
Pawer factor (pf) is the ratio between true power and apparent power. True power is the
power tonsumed by an AC circuit, and reactive power is the power that is stored in an
AC circuit. cos# s called the power factor (pf) of an AC eireuil.

P

cosf = S
where cos 8 = power factor (pl)

P =true power (wans}

S =apparent power (VA)
Power factor also determines what part of the apparen! power 15 real power. [t can vary
from 1. (when the phase angle s 0°), tw 0, (when the phase angle is 90°). [n an inductive
circuit, the current lags the voltage and 15 said to have a lagping power factor, as shown
in Figure below.

P
/S(/I e
a
£} lending
é * * v, rﬂnﬂN Q Lagginy

i

Fig: Leading Power Factor Fig: Lagging Power Faclor

POLY-FE
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in & capacitive circuit, the current |eads the voltage and is said 10 have a leading power
factor.

AC power relationships are summarized below:
« Ohbserve the equations for apparent, true, and reactive power, and power factor:
*  Apparent power (S) = FZ=1IE
o True power (P) = PR = El cas &
= Reactive power () = "X = £l sin0

P
= Power factor (pf) = E= cos B
From observation, you can see that three power equations have the angle 8 in common.

f is the angle between voltage and current. From this relationship, a power triangle, as

shown in Figure above, is formed.
»  Current (1) lags voltage (E) in an inductive circuit (L) .
s Current (1) leads voltage (E} ina capacitive circuit (C)

3.8. Star to Delta Transformation

Here R, R, &, are the resistances in star connection; and R, R,. K, are the
“quivalent resistances in delta connection.

POLTF-FE
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.7 Delta to Star Transformation

(]

R e
¢ & b
L RR L ReR L RCR,
g Ra"-“Rh-‘R.-. R..*"'R\.'!';u- ’ Rﬂ‘&r""ﬁﬂ

[ Short Answer Type Questions )

A. Choose the correct answer from the given altarnatives in each of the

following:

I. Theunit of inductive reactance is [WBSCTE 2022
{2) Henry {b} Farad ic) Ohm (d) Joule

Answer: (c)

% I!rr-an ac circuil VI sin & represents [WBSCTE 2022]
(2) Active power
(¢} Apparent power <
Answer: (b)

{b) Keactive power
{d} True power

3. When sinusoidal voltage is applied across a pure capacity the current in (he capacilor
[WBSCTE 2022]
ia) lcgs applicd volage by 90°
(k) leads applied voliage by 00°
(c) is in phase with applied voliape
tdlis in phase opposition with applied volage
Answer: (h)

4. Peak factor for a sine wave js [WBSCTE 20221
(a) | {h) 1414 fep .11 (d)2
Answer: (b)
POLT-FE
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5, The maximum value of sine wave current is 100 A, the rms value of current in the
circuit will be [WBSCTE 2022]
(a) 70.7T A () 100 A {e) 30 A (d) 70.7 mA
Answer: (d}
6, The form factor for a sinusoidal a.c. vollage is- [Model Question]

{a) 1.41 (b} 1,11 (e} .00 (d) 0,707
Answer: (b)

7. Inan ac systemn the ratio of the maximum current and averape current is called -
[Madel Question]

(a) form factor (b] peak factor (c) load factor (d) power factor
Answer: (b)
8. Inaseries R-L circuil, the applied voltage - + [Model Question]
{a) lags the current (b} leads the current
{c) [s in phase with the currem (d) 50% abead of the current

Answer: (b)

9. A sinuscidal voltage is passed through a series combination of an inductor (L) and a

capacitor (C), the current flowing will = [Model Question]
(&) be lagging (b) be leading
() be in phase (d) lagging or leading will depend on XL - XC

Answer: (d)

10, In » R-L circuit, the phase difference ¢ berween applied voltage and circuit current
will increase if - [Medel Question]
(a) X, is increased
() Xy is decreased
Answer: {a)

(b) R 15 increased
(d) supply fraquency iz decreased

11, An altemating current 1s given by i=10sin3142 A The time taken to generate two

complete eveles of current is — [Model Question]
(2) 0.02 second (b) 0.1 second
{€) 0.04 second {d) 0.05 secand

Answer: (c)

12, An abermating voltage is given By v=30sin214r. The time taken by the voltage to
reach - 30V for the first time is — [Model Question)
() 0.02 second {(b) 0.01 second (d) 0.05 second
Answer: (d)

{e) 0.03 second
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13. An inductive circuit draws a line current of 10A. If the reactive component of line
current is 6A, then power factor of the current is — [Model Question)
(a) 0.6 lagging (h1 0.8 lagging (c) 0.5 Ingging (dy none of these
Answer: (b)

14. In 3 phase AC system the magnitude of the voltage between two phases are —
[Model Question]
(a) 230V (d) 150V

Answer: (a)

{h) 415¥ (o) 300V

15. Term *Reluctanca’ is associated with —
(a) electrical circuil
{¢) magnetic circuit

Amnswer: (c)

[Model Question)
(b} distribution line
{d) generator

B. State the following statement as True or False

16. In an aliernating current circuit the reactive power is the measure of actual power
consumption. [Mode! Question]

Answer: False

17. An aliemnating voltage is represented by 20e—2n/3, its polar form js 204+120].
: [Model Question]
Amnsyver: False

18. Minimum value of power factor is 1. [Mode! Question]

Answer: False

C. Answer the following questions:

19. What is the value of form factor of & sine wave?
Answer; | 4]

[Model Question]

20. What is the average value of an g.c. voltage over a eyele? Model Questian]

Answer: Lero

21. What is the power factor of purely capacitive eircuit? [Model Question]
Answer: Leading

22, What is the value of power factor in purcly capacitive circuit?  [Model Questien]

POLY-FE
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anmswers: Leading
23, Can it possible to start an a.c. motor with the help of four point starter?
[Model Question]

Ansﬂ'ﬂr:
‘The drawback of the 4 point starter is that it cannot limit or control the high current speed

of the motor, soan A.C. Maotor shauld not be started with the help of a four point starter

24, Wrile down the expression of active power for a 3-phase a.c circuit in terms of
phase quantities. [Mode Guestion]

Answer: In a balanced three phase system magnitude of each line-to-neutral voltage

(also line-linc) is the same, as is the magnitude of each phase current. Therefore, the

expreasion for tal power in terms of phase current and phase voltage is given by

P=3VI[ecasd Wan, 0=£{T&F’]

In-terms of line voltage & line current the above expression becomes:

P=43V, I cos § Wan, 0= 2(T&F)

In the above expression V and | arc the r.m.s values of the phase volfige and phase

current respectively. We can also calculate reactive power () and complex power (S).

For halanced load, the expressions for  and $ are given by:

Q=v3V, 1 500 vy a=z{f&ﬁ), S=43V LV,

( Long Answer Type Questions )

= 1 (a) Defiie True & reactive power.
(b} Show that in a pure capacitive circuit the current leads the applied voltage
by 90 degree. Also show the phasor disgram for the same, [WBSCTE 2022)
Answer;
8) True Power
True power (P is the power consumed by the resistive loads in an electrical tircuit.
Equation below is a mathematical representation of true power. The measurement of true
Power is in watts,
P= IR = El cosh
Where, P« true power (watls)
| = RMS curremt (A)
E = RMS voltage (V)
R = resistance (€2)
= angle between E and | sine waves

Pl -FE
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Reaciive Power
Reactive power (Q) 15 the power consumed in an AC circuit because of the expansion gy
collapse of magnetic (inductive) and electrostatic (capacitive) fields. Reaclive power j;
expressed in volt-amperes-reactive  (VAR). Equation below is a midthemagipy|
representation for reactive power

Q= I*X = El sind
where, (] = reactive power (VAR)

[=RMS current (A)

X = nel reactance (82)

E = RMS voltage (V)

0 =angle between E and | sine waves

FE.q

b} Let us consider a capacitor C connécted to an AC source as shown below:

‘O

Let the AC wvoltage applied be

g=ti_ sinom
no=d
&

Appiying Kirchhofis loop rule, we have:
L sim od .

di
fo -t

dr

dy o
St=— (v Csin
d.r‘u" sin o )

b i [t + 71 2)

poLFrE
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al L, L'n.'i{ ni\'j

. x
cons fl = Sinax ‘I'E

W

'sirl.mr-+£
o)

g =1 ft.l.

Hence, the eurrent leads the voltage in phase by

| &

< 2. (a) Calculate the RMS and average values of purely sinusoidal éurrent having
peak value 15A.
(b} Draw STAR & DELTA connections. Also write vollage and current relations

for both types. [WBSCTE 2022)
Amswer:

a) RMS Value:
RMS {Root mean square) value:
s RMS value is based on the heating effect of wave-forms.
*  The value at which the heat dissipated in the AC circuit is the same as the heat
dissipated in the DC circuit is called the RMS value provided, both the AC and
DC cirewit have equal value of resistance and are operated at the same time
s RMS value ‘or' the effective value of an altemating quantity is caleulated as:

-j':w = ﬂ-?l: jjl'ul (Pt

T ="Time period

POLT-FE
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Volmpe
Peak value (V,)
L]
ey ! RMS value =0 TOT VW,
BT - s et iy Average value = 0657 ¥,
i : ] In

Sine Wave "'"',.

1 Cyele

RMS value =¥, sin & =¥ 5sin45°=0.707F_

Average Value:
The average value of sinusoidal waveform over one complete cycle is zero as two halves
cancel each other, so the average value is taken over hall a cycle.

| I
\r'“; :-; ‘EI-P.qu fidd

i =%£-¢trsf?]£

2V,
Voy =—+=0637xV,

Therefore, the average value of 2 sinusoidal wave {s 0.637 times the peak value.

Calculations: ! : .
L=15A

Samr Conpection el Comnecizm

POLY-FE
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2™ part:
For Star connected System:
Let Vi, Vy, Vy represents the three phase voltages while Viy, Vi and Ve represents the
|ine volinges, Assume that the system is balanced, so

[in=IV\'J7|Vn|"|th

From the circuit and phasor diagram of star connected load, it can be observed that the
line voltage Ygy is a vector difference of Vi and Vy or the vecter sum of Vg and =Vy,
e

Vir = Vo -V = V= Wy

Applv:ng paralielogram law to obtain the magnitude of this, we get,

= V£V 42V, V, cos6°
=V, = V3 4V +2V3 cos60° =3V,
Similarly,
Vim = Vy ¥y =45V,
Vo = Vy -V, =3V,
“ Var = Vi = Vg = V= Line Voltage

= V =J§F

Therefore, in a star connecied system, Line Voltage = /3 « Phase Vohage.

Let Iy, ly and Iy being the currents in B, ¥ and B lines respectively. Since, the load is
balanced, therefore,

ly= ly=lg= ]Fh[sa\ri

Then,

b= Loy

? = Line Current = Phase Current

mme - for a balanced star connected system, the vector sum of line current is equal to
T,

i.n IR"[T + |u=1“:u

POLY-FE
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Wherz, 1, is the matural current.

Far Delta connected System:
Let lgy, lygand Iy are the phase current in data connected system while Ig Iy and lybeing
the [ine currents.

T

By referring the circuit and phasor diagram. it can be seen that current in each line is the
vector difference of corresponding phase currents and are given as,

le=lgg — gy

Iy=Tuy = Iyn

In - Im - 15:

Now, the magnitude of current [R can be obtained by parallclogram law of vector

addition, as follows,

ly= B, #2051, c0860°

Assumed the systern 1% balanced. therefore,
|Iw| = Hll.l = [le= L

% +2I‘.=*cosﬁl‘.]"=qﬁl,

=1, =ylL
Similarly,
Iy= 31, and 1y =31,

—s Line Current = /3 » Phase Current )

Since, neutral does nal exist in o delta connected system, thus the phase voltage and lme
voltage are same. Refer the eircuit dispram,

Vir=Via= Yea =V

=Vi=Ya

POL T-FE

1 (a) Define power factor of an a.e circuit
(k) The alternnting current flowing in a circuit is 5 Amps when the applicd
voltage is 250 volts. The power consumed is 1060 walls, calculate the resistance,
reactonce and power factor of the circuit [Mode! Question]

Answer:

a) Power factor is the ratio of active power o apparent power.

PF.= E;;?w:-cum_ in this term theg s the angle between the voltage applied and

current, 11 the circuit is resistive the value of @is zero so, cos @ is equal to L IF the circuil
is inductive the value ol cos @ is less than | so, the total apparent power i5 used as active
power, the efficiency of system decreases.

Truepower 1000 04
Apparentpower  250=3

b) We know that cosg =

. Phaseanglegd =cos ' 0.8

=36.87¢
Impedance Z =%=%= 5062
Again, -
R .
Cﬂ5¢=E S R=Excosg=50%0.8=400

Z-JR*+X?

X =N R a0t a0 =300
* Heactance = 30 02

@ {a) Define — (i) Form factor and {ii) crest factor.
(b} The romas. value of & 80 Hz sinusoidal alternating current is 50 amps. Write
down ihe equation for its instantaneous value. Also find the value bf the current
when t= 0,002 sec, [(Mode! Cuestion]

Answer;

4} (i) Form factor:

Form factor is defined by the ratio of R.M.S, value and Average value.

POLT-FE
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Borm flctir= RM.S value of any A.C. quantity
Average value ofany A.C. quantity

forasinuseidal A, C.quentity
0.707 = peak value

e =1.1
0,63 T=peak value l

Form factor =

!

(53

II'I"

L./

The lorm factor of a half wave rectified A.C. = % =1.57

A

(ii) Crest factor:
It is defined as the ratio of the maximum value and R-M S, value of any alternating

guantity.
Maximum value of any A C. quantity
R.M. S value of any A.C. quantity
forasinusoidal A.C.quentity
Maximum Value
0.707*Maximum value
1

== .4142
0.707

Crest lactor=

Form factor=

b) The equation of instantaneous value of current
i =1, sinef (with usuainotation )

j:jﬂﬁxsmzn‘ﬁ
=70.T1sin314
The value of the current wher t=0. 002 sec is
i=T07sin3 144
put,1=0.002 sec
5 i=70.71s5in{314x 0.002)
=4|.54 Amp

S 5. A coil of resistance 8 ohms and inducianee 0.1 Henry is connected in series
with a capacitor of 75uF across a 240 volis, 50 Hz supply. Caleulate -
(a) the impedance,
(b) the current and

{c) the angle of phase difference. [Modal Question]

POLY-FE
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er:
Answ i r

| B ST
e —— WOOE ———| ——

L-\fp-u- e -u-'J‘-i-:

- )
A
RA=8 L=01H.C=75F
aX,=2rfL=3140
1
2rfL
.. Impedance.Z = R+ f(X;, —X-)

k= = 46,4662

=8-j11.06 =13.65:54.12%leading)
. Phase difference = 54,12°
3
o Current | = ¥ 28 Amp =17.58Amp
Z 1365

= 6. (a) Define — (i) cycle, (ii) amplitude of a sinusoidal quantity.
(b) A vector is represented by 20¢™"**, Write down the — (i) rectangular form,
(i} polar lorm. [Model Question]
Answer:
#) Cycle is defined as a complete waveform, i.e- starting form a particular point again
return back 1o that point.
Amplitade: Refer to Chapter at a Glance.

b) 20¢" "™ is the complex form
Retangular form = 20 cos—'; - J’musing =10417.33
Polar form = V107 +17.33 Ztan”’ L‘:';—"’ =20.01£60.01°
A voltage represented by 230sin3l4r is applied to a series circuit, the

resulting current is represented by the equation = |0sin (314 + 5/6), What is

the frequency, resistanee and resctance of the circuit. [Model Question]

POLT-FE



[ FUNDAMENTALS OF ELECTRICAL & ELECTRONICS ENGG.  FE.5g

Answer:
Maximum value of voliage 230 Vol & Maximum value of Current 10 Amp.

-

L 230 ! .
Reastance Z= =0 =232 Phase diffurence i;

. Resistance =2 ces'?.:—=2 Fx(0.866=1900

w=2f =314
~.Freguency, f =S0H:

< 8A square ceil of 10cm side and with 100 turns is rotated at the uniform speed
of 500 rpm abowt an axis at right angles to a uniform magpetic feld of
0.5 Wh/m", Caleulate the instantaneous value of the induced emf when the plane
af the coil is at 30° to the plane of the field. Find also the maximum value of the
induced emL [Model Question]

Answer:

Length of the coil =4 x10em =40em

We know that,

e=BlvxeTsind =0.5<10x —E = 41 % sin 30°Velt = 833,33 Voli

Maximum value will be al £#=9"

= 40 = sin P07 Valt = 166667 Vol

500
SE=05x10x
&l

< 9. (a) Prepare a.comparative statement between resistance ‘R’ of a doe, vireuit
and impedance ‘Z' of an a.c. circuit having R-L-C connecied in series having 8
frequency I Hz
{b} The field coils of & generator have a resistance of 150 ohms at 16°C and aficr
6 hours run the resistance has increased to 162 ohms. What is the final average
temperature of the coils? Resistance temperature coefficient 0.0043 per °C at
e, [Model Question]

Answer:

[J
a) [ :'E[m caseof DC )

V...
& =E{lncas=-:rf'ﬁc |

Where Z=+ B + X (R is resistance, X=X, - A}
Resistance in [ circuit plays same role as in the AC. But reactance will cause in phase

differenee between voltage and current.
. PO Y-TE

A.C Circuits FE.57
By R, =150 R =628
R, =R +e16)  ..(1)
R = Ryl +e 1) B 4 |
pividing (2 by (1),
R Rl +a-t] _E: (1 +0.0043-r)
R, Rfl+e-16) 150 (1+0.0043.16)
Salving the equation we get, 1=25.89°

2 10. (a) Define — (i) eycles, and (ii) phase difference of 2 sinusmdally induced
e.m.f #
(b) A resistance of 100 is connected in series with an inductance of 0.05 H and a
capacitance ‘C" to a 100V, 50 Hz supply. Find at what value of 'C" the series
circuit be o purely resistive one. [Meodel Question]

Answer:
a) i) Cycle: It is defined as a complete waveform, i.e. starting form a particular point

again return back 1o that point
i) Phase difference: It is defined as the time difference between two waveform. .z
Phase difference of 30" means the time difference between two waveforms,

by X, =22 /L=15.782
¥ = [
e fC
Z=R+ J(X, -X,)
Ta make the circuit pure resistive (X, = X,.1=0
X=X,

2 fC
o = 2.02:10% F=202%10% F = 202 uF
s x15.7 !

or.l 5.7 =:

= 11 (a) Draw a power triangle of a series circuit have a R-L-C. This combination
is conneeted across a V (r.ms.) volt supply, frequency ‘T Hz Hence state the
cxpression for (rue power, appurent power and reactive power.

{b) An iron eored choke coil takes SA when connected to 20V d.c. supply and
tukes SA at 100V ac and consume 250W. Determine — (i) power factor, apnd
{ii) the iron loss. [Model Question]
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Answer:

a) Power Triangle

The power triangle represents comparable Riese

values that can be used directly 1o find the F'Uﬂ!:rm
(WARy

efficiency level of penerated power 1o usable
power, which is expressed as the power facior
(discussed later). Apparemt power, reactive
power, and true power can be calculated by
using the DC equivalent (RMS value) of the AC
voltage and current components along with the
power factor,
Apparent Power

S=I'Z-1E
Where. S = apparent power{VA)

I =RMS current (A)

E = RMS voliage (V}

Z = impedance (£2)

 True Power

P=PR=Elcosb
where, P =true power {watts)

I'= RMS current (A)

E = RMS voltage (V)

R = resistance ({1)

8 = angle between E and | sine waves
Reactive Power -

Q= 1*X=Elsin@
where, Q = reactive power (VAR)

I'=RMS current (A)

X = net reactance ({2)

E = RMS valtage (V)

0 = angle between E and [ sine waves
f

/
*  Power factor (pf) = S =cos B

Trae Power (Waits)
Fig: Power Triangle

by A.C. Circuit ¥V = 100V, [ = 5A

Zzizﬂzzu{j
|
i) P=Feosg

or, 250 =00~ 5=cos¢
Pl r-FE

C FE 53
of. cmﬁ‘% =1
power factor is 0.5
i) Tatal loss = toss in resistance -+ iron [oss
250 =20=5+ P
or, B =150W

2 12, (=) An BQ resistor, 902 inductive reactance and unknown capacitor are
connected in series across 100V, 50 Hz supply. The current drawn by the

circuit is found to be 10 Amp.

Determine the value of capacitance.

(b) Draw the impedance triangle of above examplé in actual scale (approx).
[Model Questian]

Answer:
a) B +{X - X, ) =2

S8 +(X, -9) =107 >(X -9) =1 -8 =36; =X -9=6

=X.=15
X.=i13
| 1 1
= =] 52 =>—=15; = =15
2a /T 2= 500 2a =500
= : —=15; 3L=I5; 3C=]—=2.IEM"]‘F
1007 EIETS 314=x13

b} Impedance Triangle: The resistance is-a DC element; the reactance, as suggested, can
be of inductive or capacitive thus displaced 20° fram the resistance; the impedance 7. as

is the vector sum of these two.
Based on this justification, & triangle formed by the three sides namely — the resistance.

the reactance and the impedance — is called the impedance triangle.

¥

3
Fig: (a) Impedance triangle with R, X and Z

POLY-FE
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Fig: () Impedance triangle with R, X, and Z

Xy

£

@ﬁ :'ﬁx::la

L

X
Fig: (c) [mpedance tnangle with R, X;, X and £

The impedance triangle with R, X, and Z is in Fig: (a).

The impedance triangle with R, X, and 7 is in Fig: (h).

The impedance tnangle with X; and X¢ will have the net X on the inductive side or
capacitive side. depending on which is greater. Fig: (c) depicts the impedance triangle
with X; and X where X; > X».

Note: In all these figures that the angle ¢ is the phase angle. From these three figures, the
p.f.. cos ¢ can be found out 1o be, the ratio between R and Z, that is

cosg = R/EZ

= 13. (a) Write down the differences between a.c. and d.c.
(b} For a sinusoidal guantity, define (any three) — (i) instantuncous value,
(ii) cvele, {iii) R.VLS. value, {iv) Peak facior. [Moded Question]

AnsSwer:

a) In direci current (DC), the eleciric charge (curent) only flows in one direction.
Electric charge in alternating current (AC), on the aother hand, changes direction
periodically. The vohage in AC circuits alse periodically reverses because the current
changes direction.

b) Refer to Chapier af a Glance,

POLr-FE
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) 14, (a) What is apparent power? Define power factor.
(b) A coil of induetance 636.6 mH and negligible resistance is connected in series
with a 10052 resistor to a 250V, 50Hz suppiy. Caleulate (i} the current in the
cireuit, (ii) the p.d. across each component, and the (iii) circuit phase angle.
[Model Question]
Answer: '

a) Refer to Chapter at a Glance.

b) The circuit is shown in the didgram below.

e i34 bl
Y

290V S0 Hz

(#) Inductive reactance of coil, X, =2r f L=2x(50)(636.6x107" )= 2000

(b) Impedance, Z = R* + X,* =100 + 200° =223.6 2 (from impedance triangle)

£

X
i
¥ 250
' (e) Curtent, = —=—"—={ JIB A
£ 2236
{d) Voltage across resistance, ¥, =7 R=1.118x100 = 111.8V

Voltsge scross inductance. ¥, = /X, =1.118x200 =2236 V

(¢) From impedance irangle, tang = -—kk-'-

from which, cireuit phase angle, $= tan ' -'!:EL =tan 'L@] = 63.43° lageing
100
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Chapter 4: Transformer and Machines “

Chapter at a glance:

4.1 Basic Working Princioles
Principle of D.C. Machines

D.C. Machines are based on Faraday's Laws of electromagnetic induction. According to
this law ‘the voltage induced in a coil i5 proportional to rete of change of flux linking
with the coil” Le.
dg
e=—N—
dr m
where N = number of tumns in a coil, and

d
-d—f = rate of change of flux linking with the coil.

The negative sign indicates that the current produced by it opposes the change in. flux
linkages.
Caye-I: In case of a generator, when & conducting coils is rotated in a magnetic field,
the flux linked with the coil changes due 1o motion of the coil, and due to this chdnge in
flux linkage, emf is induced in the coil (as per Faraday’s laws). This induced emf is given
by:

e = Biv volts - veeef2)
where 8= flux density of the magnetic field (in wh/m?),

£ = |ength of conductor in m,
and  w= velocity of the conductor in m/s.
The induced emf'is used i) 1o overcome the voltage drop in the resistance of the windings
and Ji) to supply the load. The electromagnetic torque produced in the moving current
carrying conductor opposes the mechanical torgue rotating the coil.

Case-II: In case of @ motor, when a current carrying conductor is placed in @ magnetic
field, a mechanical force is exerted on the conductor (called Lorentz’s force), which is
given by:

F=RBlking i)
where &= angle between length ( £ ) and magnetic field (£),
In case of a generator the direction of induced emf or current s determined by Fleming '
right hand rule, The thumb fore finger and middle finger of the right hand

Tran hines FE.83

=\
o L
)/ T

Corrent areml
Right-fuand rule

are stretched mutually perpendicular to each other, then if the thumb represents direction
of motion of the conductor and fore-finger represents the direction of field, then middle
finger will indicate the direction of induced emf. :

In case of a motor, the rectangular coil of length ' ', width 'r', camrying a current i', the
two arms of the conductor, according to Fleming's left hand rule are acted upon by two
forces, equal in magnitude, opposite in ?!’rection and their lines of action are different.

Muotion

— Feld

\

Currsst or emf
Laeft-Mandd rule

and their lines of actions are different. Thus the two forces form a couple and the torgue

. [twisting effect) is given by, -

F=F:r=B{fsin®-r=845inH (43
where A=areaofcoil = fxr,

4 i P Maotor

The stator winding of a 3-phase induction motor is connected to 3-phase balaneed supply.
This 3-phase supply causes 3-phase current to circulate in the stator winding which
produces 3-phase fluxes @, @, ¢ . Hence a rotating magnetic field is produced. This
rotating feld flux cuts the rotor conductors.

By Faraday's law of electromagnétic induction, a volge is induced in the rotor
conductors. Since the rotor circuit is closed, current flows through the circuit,

By Lenz Law, this current flowing in conductor produces a force and hepce the conductor
moves in the same direction as that of the rolating magnetic field so that it opposes the
cause which produces it (cause is the rotating magnetic field) Thus the rotor rotates in
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same direction as the rotating field but with lesser speed than the synchronous speed of
magnetic field. '

From the above said principle, it is alse clear that a F-phase induction molor is a self-
starting motor. Since the whole operation is based on the induction principle, this motor
is called as induction motor. Induction motor can be called as rotating transformers since
it works on the mutual induction principle as that of the transformer. The stator is often
referred to as the primary and rotor as short-circuited secondary,

4.3 Working Pri | ormer

Atranstormer is a power converter that rransfers electrical energy from  one circuit to
another through inductively coupled conductors—the tansformer's coils. A varying
current in the primary winding ereates a varving magretic fux in the transformers core
and thus a varying magnetic field through the secandary winding, This varying magnetic
field induces a varying eleciromotive force (EMF), or "voliage”, in the secondary
winding. This efTect is called inductive coupling.

If a load is connected to the secondary winding, current will tow in this winding, and
electrical energy will be transferred from the primary circuit through the transformer 1o
the load. In an ideal transformer, the induced voltage in the secondary winding (Vs) is in
proportion 10 the primary voltage (Vp) and is given by the ratio of the number of tums in
the secondary (Ns) to the number of wms in the primary (Np) as follows:
A ()

1-"” ‘Nr

By appropriate selection of the ratio of wms, a transformer thus enables on alternating
current {AC) voltage to be "stepped up” by making Ns greater than Np, or “stepped
down" by making Ns less than Np. The windings are coils wound around a ferromagnetic
core, air-core.transformers being 2 notable exception.

4.4 Field of applications
Application of DC Mator

*  DC series motors are used in the traction work like in train, tram, crane ee.
¥ DC shunt motors are used in constant speed application like in lathe maching.
¥ DL eompound motars are used when high torque and constant speed is requined,

Application of Transformer
¥ Transformers are used in AC Cireuil 10 change the voliage and current level

keeping the power same.
¥ There is no elecirical connection belween the primary and secondary, so it help (o
isolate the electrical circuit from the measuring or control circult.

POLY-FE
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Application of induction Motor

¥ Iphase induction motors are used in fan, mixer grinder, bower, hair dryer
¢ Jphase induction motors are used in indusiries, in lifi, pumps.

( Short Answer Type Questions J

A. Choose the comrect answer from the given alternatives in each of the
following:

1. Voliage per tum in both primary and secondary winding of 2 ms_l'mne-r is

: [WBSCTE 2027
(b) low in low voltage winding ~
{d) cannat determine

(a} high in high voltage winding
(c} same
Answer: (c)
2. The commutator of 2 d.¢. generator— [Model Question]
() reverses the direction of the current in the armature,
(b} changes a.c. to d.c. within the armature,
(c) keeps the current in ane direction in the load circuit,
{d) acts only as a sliding electrical contact.
Answer: (c)

3. With the starfdelta starter the voltage across an inductien motor winding is-

Model Question]
{a) 50% (b]57.7% (c) 67.7% (d) 73%
Answer; (b)
4, ITthe back eom.f of a2 d.c. motor suddenty vanishes, then— [Model Question]

(&) the motor will run faster than the rated speed,
(b the motor will burn,
(e} the motor will stop,
{d) the motor will run slower than the rated speed.
Amnswer: (h)
5 A lead acid swrage battery rated at 120 amp-hours discharge rate will deliver a

current of 5 amps for approximate|y— [Model Question]
(@) 24 hours, (b) 12 hours (c) 5 hours (e} 120 hours
Answer: (a)
POLY-FE
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6. Which of the followmg d.c. generators will bz in a position to build up withaut any

residual magnetism in the poles? [Madel Question]
(n) series generator (b shunt generator
(c) compound generator (d) none of these

Answer: (a)

7. Inalead-acid banery the level of elecirolvie should be- [Madel Questien]

() below the top level of the plates

(b} up to the top level of the plates

{c) above the top level of the plates

(d) container to be fully filled (o exclude any air inside

Answer: (¢)

8. Working Sp. Gr. Of the electrolvte of a lead acid siorage battery is — [Madesl Question]
(a) 1.200 {b) 1.190 (c) 1.840

Answer: (¢)

9. Output of a transformer is expressed in— [Model Question]
{a) KW (b KVA (c) KVAR

Answer: (h)

0. What type of a.c. generator is used for eleciric welding? [Model Question]
(a) series (b} shum (¢} over compound (d} Ral compound
(e) under compounsd {f} differential compound generator

Answer: (h)

11. How many términgls do you expect to find on the terminal box of a squirrel cage
induction motor 10 be started by stat-delta starter? [Model Question]
(@) six (b) four {c) five (dy eight

Answer: (a)

2. The specific gravity of the electrolyie of a lead-acid cell is - [Madel Question]
(a) 2.1 {6y 2.0 {c) 1.50 {d) 1.25

Answer; (d)

I13. Mator used in lathe machine is - [Model Question]
{a) d.c. series motor, (b} a.c. commutator metor,
{c) squirrel induction motor, {d) squirrel cage induction motor.

Answer: {d)

POLY-FE
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14, Electrolyte used in Nickel-lron-Cadmium cell is - [Model Question]
(a) NaOH (b) KOH (c) Na; S04 {dy K350
Answer: (a)

15. When a single turn coil rotates in a uniform magnetic field the emf penerated

follows— ) [Model Question]
{a) cosine law (b) straight line law {c) sine law (d) tangent law
Answer: (h)

16. EMF generated in a rotating coil will be a perfect sine wave if the - [Model Question]
(a) magnetic flux in air gap follow sine law,
(b) flux distribution in the air gap is perfectly unifom,
() air gap is uniform, . .
{d) rotaling coil size is uniform all along.
Answer: (a)

17, A single phase induction motor the rotor rotates because stator when connected to
a.c. supply — [Model Question]
{a) creates rotating tield
(b} creates varving magnetic field
{) rotating field is created by split phasing the stator supply
(d) none of them

Answer: (c)

B. State the following statement as True or False

18. Direction of rotation of the motor armature or rotor can be determined by applying
Fleming's Left Hand rule [WBSCTE 2027]
Answer: T'rue

19. Transformer core is constructed with insulated laminated silicon steel to reduce eddy
current loss. [Model Question)
Answer: True

C. Fill in the Blanks:
20. A 10 KVA, 1100/400 V, 50 Hz single phase transfonmer has 100 tums in the

secondary winding The number of wurns in primary winding is .
- ° [WBSCTE 2022]

Answer: 275
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{_ Long Answer Type Questions )

2L {a) Define a Transformer., [WBSCTE 2022}
Answer:

A transformeris a power converier that transfers electrical encrgy from one eircuit W
another  through inductively  coupled conductors—the  transformer's  coils. -~ A
varying current in - the primary winding  creaies a3 varying magnetic  fluxin  the
transformer’s core and thus & varying magnetic field through the secondary winding. This
varying magnetic field induces a varying clectromotive foree (EMF), or “voltage”, in the
secondary winding. This effect 15 called inductive coupling.

If a load is connected to the sscondary winding, current will flow in this winding, and
glectrical energy will be transferred from the primary circuit through the transfarmer to
the load. In an ideal transformer, the induced voltage in the secondary winding v,

is in proportion to the pnmary voltage { P‘r ) and is given by the ratio of the number of
tums in the secondary (N, ) 1o the number of tums in the primary {Nn ) 05 follows:

LT
v, N, i

LYY
LA

=

oD
VU
E=ZT}-

N

By appropriate selection of the ratio of wms, @ transformer thus enables an alternating
current (AC) voltage to be "stepped up” by making ¥, greater than ¥, er "stepped
down" by making N, less than & . The windings arc coils wound around
a ferromagnetic core, air-core transformers being 2 notable exception,

@5 (h) A single phase 50 Hz transformer has 80 turns on the primary winding &
400 turns on the secondary winding. IT the primary winding is connected to a
240 volt, 50 Hz supply, determine the e.m.7 induced in the secondary winding.

[WESCTE 2022)
Answers
Here, ¥ =Volage supply to primary coil =240 V
¥, = Vaoltage rating of secondary coil (Let)
N, =Number of s of primary coil = 8l
N, =Number of tumns of secondary egil = 400
POLF-FE
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= exm.finduced in the secondary winding,
N 400
.m.for, ¥, = = 240 — = 1200 Volts
e.m.lor, K, V,xM e
Thee.m.f, induced in the secondary winding is 12040 Volts,
< 2 Distinguish between primary and secondary cell. [Model Question]

Answer: )
Primary Cell; [n primary cell the chemical reaction is not reversible. In primary cell the

chemical reaction helps to produce an electromotive foree which delivers the current in
the load circuit. After working with that cell the cell cannot be used farther, 5o the
efficiency of that cell is fess. The primary cells are mainly of low cost, low efficiency and
low amp-hr capacity. The examples of that kind of ceils are Weston Cell, Vpltic Cell etc.
Secondary Cell: In secondary cells the chemical reaction is reversible by choosing the
proper chemicals. Chemical energy eanverts in electrical energy to give power 1o the load
circuit as-well as electrical energy can be converted to chemical energy 1o rechargs the
cell. When the stared power in the cell gets lowed we can charge the cell 1o restore the
energy. The secondary cells are mainly of high cost, high efficiency and high Amp-hr
capacity. The maintenance cost of that kind of cell is also high. The examples of that kind
of eells are lead-acid cell and alkali cell.

= 3. What is the difference between e.m.f. and terminal voltage of a eelL

[Model Questian)
Answer:
EMF is the electramotive force. It is the source of potential difference that creates
current.
The terminal voltage is the voliage at the terminals of an emf source. 1t is less than the
emf because of internal resistance (r).
If you measure the voliage acrass the erminals with no current Mlowing, the volmge will
equal the emf. Do the same measurement when connected 1o a circuit (current flowing)
and the terminal voltage will be less.
This is because the intemal resistance will have a voltage drop (V r=1* r ) due the
current flowing, which would take away from the emf voltage (V. T=E-1*%*n.

= 4. (n) Why a starter [s necessary in an electric motor?
(b} What type of electric motors do you recommended for- (i) EOT crane,
{ii) Ceiling fun [Model Quastion]
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Answir:
{a) In case DC motors, at the time of starting there is no back eml, (i £, =0} Armature

cm-rr.raL[L =(F-E)/ R“I. If E,= 0, the value of 7, will be very high, which will

damage the armature winding and hamper the line valiage alsa.

In DC motor starter a set of resisiances are connected in series 10 limit the starting
current, at the time of start the full resistances are in the cirevit. When the motor speeds
up the resistances are cil step by step,

For DC shunt motor a three point starter, four point starter is used,

(b) In EOT crane slip ring induction motor is used. In single phase ceiling fan single
phase induction motor is used.

S & Explain the significanee of back emf of D.C. motor. [Model Question]
Answer:

When the armature of the DC motor rotates in @ magnetic field, conductor cuts the
magnetic flux. For this reason an em.f. is induced in the anmature conductors, which
oppose the direction of the armature current according to the Lenz's law. This em.f. is
known as back e.m.f. It is denoted by E, .

#f‘; x% When the machine is a reasonable amount of back e.m.f. is generated.

E, =

.-E’

Armature current £, = , when machine is running at

rated speed the generated back em.f oppase the supply
voltage which help 1o limit the armarure current,

Another imperanee of back e m.[ is when the machine get I 1 L
loaded the speed of the machine decrease. As £, e IV the

back e.m.f will also decrease then the armature current
increases. |1 the armature current increases the lorque of the

machine increases (as T o [, Ishurr! molor l Tl [pﬁnes mutur] )y which will help
the motor to drive the increased load.

2 6. State the numes of active materials used in u lead acid cell.  [Model Questian]

Angwer:
The active materials nsed in lead acid cell are:

¥ Positive Plate: Lead per-oxide ( b0, )
¥ Megative Plate: Lead (Pb)
PULEPFE

nd Machines FE.71
¢ Electralyte: Diluted Sulphuric Acid{ H,830, )

= 7. (a) How can vou distinguish between the positive pole and negative pole
negative pole storage battery by visuul inspection? [Model Cusstion]

Answer:
The positive terminal is slightly larger and in new storage cells the positive terminals are

marked red, and negative rerminal is marked black.

2 7.(b) Whal are the indications of a fully charged battery? [Mods! Cuestion]

Answer: .

Indication of Full Charged Batiery:

v Colour of Plates: The colour of *+'Ve cables become dark chocolate and *-"Ve
become grey when battery gets full charged. '

¥ Specific Gravity of the Electrolyte: When fully charged the specilic gravity is
constant and abaut 1.23

v Waoltage per cell will be about 2.6 valr when the battery gets fully charged.

= 4. () Where are squirrel cage induction motor used?
(b) A single phase transformer has 150 turns on the primary and 200 turns on
the secondary. The load on the secondary is 6KW at 230 volts and 0.9 power

factor. Determine the primary current and primary voltage of the transformer.
[Modei Cuestion]

Answer;

(a) Squirrel cage induction motor is used in those drives where moderate starting lorgue
and more or |ess constant specd is required.

(b) Given,

Primary turns (M) = 150

Secondary tums (N, )= 200

* Secondary voltage (V,) = 230 Volt

Load on secondary side = 6 KW at (1.9 p.f,

. i 1000
v Primary curreni (1) =—————=28.98 A
R e T
We know,
¥ N ;
L/ ¥V, =172.5Volr

¥, N, "230 200

POLI-FE
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28.98 150

2 Primary voltage = 172.5 Vol

.. Primary current = 38.64 Volt

'r
|

N
=—iy d = 3B.64 Amp
N,

= 9. () Tn u 500 KVA, 11000400V single phase transformer, how much voltage
shall have to be applied in primary so that full load current will Mow in the
secondary. Find out the full load secondary current.
(b) State the main parts of a d.c. motor, In which respect it differs with an a.c,
motor? [Model Question]

Answer:

(a) Full load secondary current

7P _500x1000
¥, 400

L oM

L N
1250 _ 11000

I, 400
or,l, =45.454mp

Amp = 1250 Amp

. P 500=1000
- Primary voltage ¥, = —= ————
YL 4545

Falt = 1 1000F
(b) The main parts of DC motor are-

[. Armature winding and core

2. Field winding

3. Commutator

4. Brush .
AC Induction moior is singly feed, only stator (field) is excited. DC motor is doubly
energized, we have 1o supply in both the field and armature.

= 10. What types of electric motors are used for driving — (i) lathes, (ii) lifts? Give
reasons. [Model Question]

Answer:

Mainly DC shunt mators and 3Ph induction motors are used in lathes becouse these

maotors are constant speed motors and having medium starting torgue,

In lifts DC series motors are used because in lifts high starting torque is required so DC

series motor is mast suitable for this purpose.

OLY=-FE

—
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= 11 {a) Caleulate the full load primary and secondary currents of a 25 KVA,
L100/40V single phase transformer.,
(b} States the name of four main parts of DC maolors.
Answer:

(a) Ratting of the trunsformer is 25 KVA=25000 VA

We know that P= £/, = E.1,

E, = 1100 volr

Modsl Questian]

25%10°
i Ainp =22 T3 AR
T Tk E
E, = 40volr
25510° L
% Amp=6254m
T 4

(b} The four main parts of DC motor are-
1. Armature winding and core

2. Field winding

3. Commutator

4, Brush

< 12, Siai¢ the difference between the siatically induced emf and dynamically
indueed emf. Give examples of each. [Model Question]

Answer:

Statically Induced Emf:

I'he emf induced in a eoil due to change of Mux tinked with it (change of flux is by the

increase  or  decrease in  current) s ccalled stmically induced emf

Transformer is an example of stalically induced emf. Here the windings are stationary;

magrictic field is moving around the conductor and produces the emf.

Dynamically Induced Emf:
The emf induced in o coil due 10 relative motion of the conduétor and the magnetic field

is called dynamically induced emf.

Example; de generntor works on the principle of dynamically induced emf in the
conductors which are housed in 2 revolving armature lving within magnetic field.

POLT-FE



Chapter 5: Overview of Basic Semiconductor
Devices

Chapter at a glance:

5.1 Semiconductor

The magic word semiconductor is composed of two words-Semi and Conductor. Semi
means “not complete” while conductor means something, which can conduct electricity.
Semiconductors are materials that conduet electric current, ¢an be easily regulated, and
can act as both insulators and conduciors.

.2 P- d N- i

Semiconductors are mainly classified imo two categories: Intrinsic and Extrinsic. An
intrinsic semiconductor materia! is chemically very pure and possesses poor cond uclivity,
It has equal numbers of negative carriers (electrons) and positive carriers (holes), Where
as an extrinsic semiconductor is an improved intrinsic semiconductor with a small
amount of impurities added by a process. known as doping.

N-type doping:

The purpose of n-tvpe doping is 1o produce an abundance of earrier electrons in the
material. To help understand how n-type doping is accomplished, consider the case of
silicon (81). %1 atoms have four valence clectrons, cach of which is covalently bonded
with one of four adjacent Si atoms. [f an atom with five valence electroms, such as
(eg phosphorus (P}, arsenic (As), or antimony (Sb)), 15 incorporated into the crystal

lattice in place of a Si atom, then that atom will have four covalent bonds and one.

unbonded electron. This extra electron is only weakly hound 10 the atom and can easily
be excited into the conduction band. At normal temperatures, virtually all such eleeirons
are ¢xcited into the conduction band. Since excitation of these electrons does not result in
the formation of a hole, the number of clectrons in such a material far exceeds the
number of holes. In this case the electrons are the majority carriers and the holes are the
minority carriers. Because the five-electron atoms have an extra electron w "donate”,
they are called donor aloms.

P-type doping:

The purpose of p-1ype doping is to create an abundance of holes, In the case of silicon a
trivalemt atom, such 25 boron, 15 substituted into the crystl Jattice, The result is that an
electron is missing from one of the four possible covalent bonds. Thus the stom can
accept an clectron from the valence band to complete the fourth bond, resulting in the
formation of a hole. Such dopants ore called acceptors, When a sufficiently large number
of acceptors are added, the holes greatly outnurnber the excited electrons, Thus, the holes
are the majority carriers, while electrons are the minority carriers in p-type materials.

Overview of Basic Semiconductor Devices FETS
5. Junction |
The p-n junction is & homo junction between a p-type and an n-type semiconductor. 17 we
join (ar fuse) n-type ind p-type semiconductor materials together they behave in a very
different way merging together and producing what is generally known as a “PN
Junction™

5.4 Construction of PNP and NPN Transistors

a) npn transistor ]
In an npn transistor, p-type semiconductor is sandwiched between Iwo n-type

semiconductors.
Ernimer Bawe  Colleetor

Emiter (F) Rogim  Regon Repwon Collector () C
Terminal Termmnal .
) E

b) pap transistor
In o pnp transistor, netype semiconductor is sandwiched between two  p-lype

semiconductors.

Emuiter Hase  Coflector

Emitier () Regien Region Region Collector (€3 =
Tarminal % Terminal
i P 3 B
N L ;
E
Pane (B)
Terminal

5.5 FET

A field-efTect ransistor (FET) is & type of transistor commonly used for weak-signal
amplifieation (for example, for amplifying wireless signals). For FET, an electric field is
established by the charges present that will control the conduction path of the output
cireuit without the need for direct contact between the controlling and comrolied
quantities. There are two types of FET, First one is the junction field effect transistor or
JFET. which is o three terminal device. The second type is insulated gate field effect
transistor (IGFET), more commonly known as metal oxide semiconductor tragsistor or
MOSFET, The MOSFET is a four terminal device though it is used as three terminal
devices in most applications.
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5.6 MOSFET

The !'HD‘.RFET is 0 voltage controlled field effect transistor that differs from a JFET in
:har_li has a “Metal Oxide” Gate electrode which is electrieally insulated from the main
semiconductor N-channel or P-channel by & very thin layer of insulating material usually

silicon diexide, commonly known as glass, This ultra thin insulated metal gate clectrade
can be thought of as one plate of a capacitor. '

FE.76

MOSFETs are available in two basic forms:
I. Depletion Type - the transistor requires the Gate-Source voltage, (Vis) to switch the

device "OFF". The depletion mode MOSFET is equivalent to a “Normally Closed" '

switch.
2. Enhancement Type - the transistor requires a Gate-Source vollage, (Vi) 1o switch the

device “ON". The enhancement mode MOSFET is equivalent to a “Mormally Open”
switch.

POLF-FE
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The symbols and basic construction for both configurations of MOSFETs are shown
below, n n

MOSFET Chusnel
Cantrrughion
2 by ]

q_ 5

Mechannel MOSFET P-channel MOSFET
Drain Dvamn

Substrute { Subsirate
Cinle Gate !
Enhancement Type:
Gule 1 Chate
L]
Depletion Type

Source

( Short Answer Type Questions J

A. Choose the correct answer from the given altemmatives in each of the

I. A diode is a/an [WBSCTE 2022]
() bidireetional device (1) unidirectional device
(c) both (a) and (b) {d) none of the above

Answer: (d)

2. Free elecirons in p type material [WBSCTE 2022
(a) are majority carmier (b) are minority carners
(¢) both (a) and (b) (d) none of the above

Answer: (b)

POLT-FE
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2 Al absolute temperature an intrinsic semiconductor has [WHESCTE 2022
(a) few free electrons (b) few holes
{c) many holes and free clectrons (d} no holes and free electrons

Answer: (d)

4. Name of a breakdown in & lightly doped PN junction diode under reverse bias is -
< [Model Question]
(o) Avalanche (b} Zener {) Thermal
Answer: (a)

5. Current flowing through reverse bias PN junction diode can be measured by -

[Model Question]
(2} Ammeter (b} Milli-ammeter {e) Micro-ammeter
Answer: (c)
6. Free electrons in a p-type material — [Mode! Question]

(a) are majority carmers
{c) are minority carriers

(b) take no part in conduction
{d) exist in the same numbers as holes

Answer: (c)

7. Diffusion current in semiconductor diode flows due to — [Mode! Question]
(&) potential gradient (b) applied voliape
(c) eancentration gradient {d) junction breakdown

Answer: (b) 2

8. InIN 4007. the "N’ means - [Model Question]
(a) number (b1 1V (&) junction (d}) none

Answer: (¢)

9. The injected charge on either side of p-n junction under forward bias forms a -

[Model Question]
() transition capacitance (b} storage capacitance - X
(¢) linear capacitance {d} nene i the above
Answer: (¢)

10, The reverse saturation current ift 2 p-n junction diode increases with temperature
because - : [Madel Question]
{a) the minority carrier concentration increases
(b) the majority carrier concentration increases
{c) the barrier height decreases
tdy all of the above

Answer: {a)

POLT-FE
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11. The cut in veltage for Si p-n junction diades is about [Mode! Question]
w0V by 02 v ) 1.3V )06V
Answer: (d)
12. The Zener breakdown potential increases with the - _ Madel Question]
() increase of doping percentage {h) decrease of dﬂpﬂ'l'llg percentags .
{¢) increase of the width of the p-side td) increase of the width of the n-side
Answer: (a)
13. [na junction diade - [Model Question]

{a) the depletion capacitanca increases with an increase of the reverse bius
(h) the depletion capacitance decrenses with an increase of the reverse bias
(e) the diffusion capacitance increases with an increase of the forward bias

{d) nane

Answer: (b)

14, The reverse current in a diode is of the order of [Model Question]
(2) KA (b) mA {c] pA (d) A

Answer: (c)

15. If the doping level of a crvstal diode is increased, the breakdown voltage
[Model Question]

(0) remains the same {b) is increased
() is decreased {d) none of the above
Answer: (¢)

16. The capacitance of a reverse biased PN junction [Model Question]
{a) increases as reverse bias is ingreased
(b) decreases as reverse bias is increased
(c) increnses as reverse bins is decreased
(d) is insignificantly [ow
Answer: (b)

17. PN junction failure below 3V is caused primarily by [Model Question]
() Avalanche breakdown
(b} Zener breakdown
(¢ bath (a) and (b)
(d) none of the above
Answer: (b)
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18 A MOSFET is essentially a— [Model Question]
(@) current operated device {b] voltage operated device
() power operated device {d] low input impedance device

Answer: (b)

1. The input impedance of a MOSFET is of the order of [Mode! Question]
{a) ohms () u few hundred ohms
i) kilo-ohms (d) several mega-ohms

Answer; (d)

20. In a CMOS configuration, there are - [Mode! Question]
{a) two CMOS {h) three CMOZS (=} four COMS (d) no MOS

Answer: (a)

21, The oxide used in MOSFET is— [Mode! Question]
(a) Silicon-dioxide {b) Aluminium oxide
(c) Chromium oxide (d) None of these

Answer: (a)

22, Which type of metal is used in MOSFET - [Model Question]
(a) Si (b Al {c) Fe (d) Sh

Answer: (b)

23. Which of the following is the fastest switching device — [Model Question]
(a) IFET (b) BJT (c) MOSFET (d) Triode

Answer: (c)

24. When drain voliage equals the pinch-off-voltage, then drain current with
the increase in drain voltage [Model Question]
(a) decreases (b} increases ;
{c) remains constant (d) none of the above

Answer: (c)

B. Fill in the blanks in the following statements:

25. Energy gap is absent (present/absent) in conductors, [Model Question)
26. The pawer gain of a FET is fower than that of BIT. [Model Question)
27. A MOSFET is also sometimes called as [GFET, [Model Guostion)

POLY-FE
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28. The input impedance of MOSFET is dripher than that of JFET. [Model Question] -

29, Tn CMOS, C stands for Complemeniary MOSFET [Model Question]
30, For MOS, the metal layer is generally made up of alumifnitrn. [Modal Question]

C. State whether the following statements are True or False:

31. The energy gap for semeconductor (s about 1 eV, [Model Question]
Answer: True
32. The normal current obtained with intrinsic sermconductor is about 1 MA.

[Model Question]
Answer: False
33. Semiconductor resistivity varies inversely with temperature, [Model Question]

Answer: True

34. Band theory is employed to distinguish between insulators and conductors,
;. [Model Question]
Answer: True
35. Conductivity of extrinsic semiconductor is less than intrinsic one.
[Model Question]
Answer: False

36. Junction eapacitange develops due 1o aceumulation of majority carriers.

[Maodel Question]
Answer: False
37. Holes are renl fundamental particles. [Model Question)
Answer: False
38, Depletion region increates in volume with reverse bins, [Madel Question]

Answer: True
39. The doping concentration varies smoothly over long distance across the junction

[Mode! Question]
Answer: True
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C Long Answer Type Questions )

= 1. (a) Differentiste between Intrinsic & Extrinsic semiconduetor. _
(b) Define the term Doping. Give examples of material for creation of p&n-—

type malerial.

Answer:

a) The major differences between an
semiconductor -

[WBSCTE 2022]

imtrinsic  semiconductor and an extrinsic

| Parameter Intrinsic Semiconductor

Extrinsic Semiconducior

The semiconducior in its
pure form is known as

When a chemical jmpurity is added to an
intrinsic semiconductor, then the resulting

semiconductor,

Based on the impurity added, the extrinsic
semiconductors are of two types viz P-type
semiconductor and M-type semicondustor

In an extrinsic semiconductor, the doping is
performed, i.e. n small amount of impurity is
added in the pure semicondustar,

Definition T !
intninsic semiconductar,
There [s no classification of
Types intrinsic semiconductor.
In case of intrinsic
4 semiconductor, there & no
n &
oy doping - or addiion of
uTpurity
In Bn Imtrinsic
7 iconductor, the number
Chirge: catrice semico
ety of clectrons s equal w

number of holes.

In case of extrinsic semiconductors, the number
of holes and ¢lectrons are not equal. In a P-type
semiconductor, the holes are more  than
clectrons while in an N-type semiconductor, the
clectrons are more than holes,

verview of Bas FE.B3

Parameter Intrinsic Semiconduclor Extrinsic Semiconductor

due to thermal agitation. semiconductor,

semiconductor 15 known 8y extrinsic|

The electrical conductivity
Conductivity of intrinsic semiconductors
15 fow,

electrical conductivily.

The extrinsic  semiconductors  have  high

The conductivity of intrinsic

Dependency of i : I

conductivity ' e, m
on temperature only.

The conductivity of extrinsic semiconductor js

impurity added

The imrinsic semiconductor
does not conduct at 0 Kelvin
temperature

Conducuvity at
0 Kelvin

The extrinic semiconductor conducts m 0
Kelvin temperature,

dependent on temperature as well 25 amount of] .

Cause of charge|In the intrinsic
cirmer semiconductors, the charge
production carriers are produced anly

In case of extrinsic semiconductor, the charge
carriers are produced due o thermal apllation as

well as chemical Impurities added o the

FOLY-FE

b) 1°Part:
Doping is the process of adding impurities to intrinsic semiconductors to alier their

properties, Trivalent and Pentavalent elements are used 0. dope silicon and germanium,
When a intrinsic semiconductor is doped with trivalent impunity it becomes a p-type

sermiconductor.

2™ Part: - .

“Silicon (8i) and germanium (Ge) are the materials for creation of p & n type ransistor,

= 2. (a) Why is transistor termed as current controlled device?
(b} Explain with diagram the principle of operation of an NPN transistor.
[WBSCTE 2022)
Answer:
4) A transistor is a semiconductor used 1o amplify electronic signals or swich electronic
signals. The bipolar junction transistor is ane of the most commonly used transistors. A
transistor has three paris: emitter, base, and collector. A transistor containg two
semiconductor types namely n-type and p-type. Together they either form an NPN type
transistor or a PNP Lype transistor, In a bipolar junction transistor, the collector current is
due to the flow of electrons or holes that comes from the highly doped emitter part of the
transistor, thal passes the base part where these carriers are lightly doped, that then
diffuses to the collector part of the transistor. The ratio of the output curreni to the input
current is defined as the current amplification facior. It is given by the ratio of the
collector current (o the base current,
!
= b
A 1, N
The output current is dependent on the input currents, or the collector current is
contrelled by the base curent. So, a bipolar junction transistor is a current controlled
device. The output characleristics of a bipolar junction transiztor are dependent on the
base current.
b} Cireuit Diagram of NPN Transistor:
The circuit diagram of the NPN wransistor is shawn in the figure below. The collector and
the base cireuit is connected in reverse biased while the eminer and base circuit 15
connected in forward binsed. The collector is afways connected to the positive supply,
and the base is in negative supply for controlling the ON/OFF states of the transistor.
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NPN Transisior
Working of NPN Transistor:
The forward biased is applied across the emitter-base junction, and the reversed biased is
applied across the collector-base junction. The forward biased vollage Via is small as
compared 1o the reverse bias voliage Vs

T 1

i - e - ‘.|I' .
Vo g

The emitter of the NPN transistor is heavily doped. When the forward bias is applied

across the emitter, the majority charge carriers move towards the base. This causes the

emiter current 1. The electrons enter into the Ptype material and combine with the

hales.

The base of the NPN transistar is lightly doped. Due-to which only a few electrons are

combined and remaining constitules the base current L. This base current enters into the

collector region. The reversed bigs potential of the collector region applies the high

attractive foree on the electrons reaching collector junction. Thus attract or collect the

electrons at the collector,

The whole of the emitter current is entered into the base. Thus, the emitter current is the

sum of the collector and the: base current.

.

= 3. With the help of a neat sketch briefly explain the operation of P-N junction
diode in No hias mode. [Mode | Question]

PN FE

i Semiconductor i FEBS

Answer: wrh:;rwﬂn

=—pt  H—

]

W )4 ekl wmimge
A p-n junction with no external inputs represents equilibrium between camier generation,
recombination, diffusion and drift in the presence of the electric field in the depletion
region. Despite the presence of the electric field, which creates an impediment to the
diffusion of carriers across the eleciric field, some carriers still cross the junction by
diffusion. Most majority carriers which enter the depletion region move back towards the
region from which they originated. However, statistically some Earriers cross the
junction, Once a majority carrier crosses the junction, il becomes a minority carmier. it
will continue to diffuse away from the junction and can travel a distance on average equal
to the diffusion length before it recombines. The current caised by the diffusion of
carriers across the junction is called diffusion currgnt.
Minority carriers which reach the edge of the diffusion region are swept across it by the
electric field in the depletion region. This current is calied the drift currest In
equilibrium the drift current is limited by the number of minerity cariers which are
thermally generated within a diffusion length of the junction.
In equilibrium, the nst current from the device is zero. The electron deifl current and the
electron diffusion current exactly balance out (if thev did not there would be a net
buildup of electrons on either one side or the other of the device). Similarly, the hole drft
current and the hole diffusion current also balance each other out.

< 4. (u) Why conductivity of extrinsic semiconductor may be greater than intrinsic
semiconductor? [Model Question]

Answer:

Conductivity of a semiconductor is given by:

o=Nup

Where, 3118 the mobility

The conductivity of an intrinsic semiconduwcior is due 1o its own charge carriers. At room

temperature, there are no free charge carrices. As the temperature increases, the covalent

bond breaks, thereby ereating the electron hale pair increasing the conductivity. But, for

an estringie semiconductor, a dopant is already added, which gives charge camers even

at room temperature, The conductivity of extrinsic semiconductors is due to impurities.

But as the temperature tises, thermal breskdown creates more electron hole pair. At

sufficiently high temperatures, the concentration of dopant becomes negligible to the
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thermally generated carriers, so the conductivity of both intrinsic and extrinsic
semiconductor becomes comparable. Henee, the conductivity of extrinsic semiconductor
may be greater than intrinsic conductor depending on wemperature.

= 4.(b) Name four techniques of Fabrication of P-N junction, [Model Question]
Answer:
The technigues of Fabrication of P-N junction are:

|. Grown Junction method

2. Diffused Junction method

3. Fused or alloy Junction method

4. Epitaxial growth method

= 5. (2) Draw the block diagram of a P-N junction” [Mode! Question]
Answer:

*Clectrom 8 Holee
. =

Prasphor fioron

gy us doped dioped
s Fig: 1 Doped silicon Fig: 2 n-type and p-type materials brought
Electrong
Dhffusion * a

Fig: 3
< 5. (b) What is depletion region? [Model Question]
Answer:
The depletion region, also called depletion layer, depletion zone, junction region or
the space charge region, is an insulating region within ]

conductive, doped semiconducior material  where  the  mobile charge  carriers have

POLT=F
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diffused away, or have been forced away by an electric field. The only elements left in
the depletion region are ionized donor or aceeptor impurities. The ‘depletion region’ is so
named because it is formed from a conducting region by removal of all free charge
carriers, ieaving none 10 cary a current.

2 6. (a) What do you understand by semiconductor?
‘(b) Discuss some important properties of semiconductors. [Model Question]

Answer:
1) The magic word semiconductor is composed of two words-Semi and Coaductor.

Semi means “not complete” while conductor means something, which can conduct
electricity. Semiconductors are materials that conduct electric current, can be easily
regulated, and can act as both insulators and conductors. These qualities have made
semiconductors useful in the electronics field since its inception

Semicanductor devices are all around us. They can be found 4n just about every
commercial product we touch, from the family car to the pocket calculator. Today
semiconducior devices are ubiquitous in a wide range of industnes, including computers,
communications, acrospace, manufacluring, agriculure, and healtheare. Semiconductors
have made electronic devices — such as MP3 players, HDTVs / TVs, CD players,
computers, and cell phones —smaller. cheaper, faster. and more refiable.

b} Propertics af Semiconductor:

e The resistivity of a semiconductor is less than an insulator but more than a conductor.

o Semiconductors have nesative temperature co-efficient of resistance ie the
resistance of a semiconducior decreases with the increase in temperature and vice-
versa, Far example, germanium i3 actually an insulator & low lemperatures but it
becomes & good conductor at high temperatures.

e When a suitable metallic impurity (e.g. arsenic, gallium etc) is added to 2
semiconductor, its current conducting propertics change appreciably.
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< 7. Explain the formation of g polential barrier in a p-n junction and show the
polarity of the Barrier potential, [Mode| Question]

Answer:

Formation of Potential Barrier in a P-N junction: There are two types of extrinsic

semiconductors - petype and n-type. The p-type semiconductor is having nceative

acceplor ions and positively charped holes. . o

Whereas, the n-type semiconductor is having  chaped ons charged icms
positive donor ions and negatively charped S 2
electrons. . Yol 5 "
When these two pieces are joined together and G:{;)qeu Eﬁ E}. O:'G)'
suitably treated, they from & p-n junction. The QoQ 0 Ol (OGN0
moment they form a p-n junction, some of the Diepletion

diffisc over to the p-type material and undergo i
electron-hale  recombination with the holes .

available in the valence band, Simultaneously }

holes from p-type material diffuse over to the ! Y
n-type material and underge hole-electron I'//i !
combination with the clectrons available in the : -
conduction band. This process is called diffusion, In this process, some of the free
electrons move across the junction from n-type to p-type, leaving behind positive donor
ions as they are robbed of the free electrons. This establishes a positive charge on the n
side of the junction,

!
conduction electrons from  n-type material -' II ! R
F
!
I
I
“f

< 8. Explain the construction and operation of E-MOSFET and DE-MOSFET,

Draw the necessary diagrams, [Made! Question
Answer:
Enhancement MOSFET (E-MOSFET)
Symbol .
R ]
[ L
g5 a8

Fig (a): p-channel enhancament type MOSFET  Fig (b): n-channe! enhiancement type MOSFE]

POLY-FE
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Consiruction - _
The lollawing figure shows the construction of a n-channel MOSFET. Two highly doped

n+ regions are diffused into a lightly doped p-type substrate.  One of these nt regions
works a5 source and the other one as drain. A thin layer of an insulting material viz.,

silicon dioxide (Si0:) is deposited aver the surfice. o
The gate metal, namely Aluminum is deposited over Si0; layer, for making connection

for the pate, source and drain.

+ ¥

= | il
| GATE
T esource § ALUMINIGM

TR

P{SUBSTHATE]

|

Fig: Enhancement rype (n-channel) MOSFET

Operation
The substrate is grounded (connected to the source). [f we apply a positive voltage to the

eate, an electric ficld will be developed perpendicular to the Si0); surface. The +wve
charge on the gate will induce —ve charge in the near end of the S0, layer and +ve
charge in the far end of the 5i0.. Finally, it will induce negative charge in the p-lype
substrate, as shown, These induced negative charges (also called induced nchannel),
which are minarity carriers in the p-type substrate, causes current flow between source
and drain.

If the magnitude of +ve voltage on the pate increases, the induced -ve charge in the
semiconductor also increases, The drain current is “enhanced™ (means: increased) by the
+ve gate voltage, Hence such a device is called Enhancement type MOSFET.

Characteristics
In Enhancement type MOSFETs, the drain current increases by making Vas more

pasitive. This is shown in the drun charactensues, Fig (a),
The Fig.{b) shows the transfer characteristics, which gives the relationship between drain
current and pate vohage. When Vs =0, the drain current Ipss is very small, only a few
nano-amperes, The drain-current starts increasing only after a mimmum value of Vgg is
excecded; this value of Vgs is called the threshold voltage Visr. The drain characteristic
in this condition is poverned hy Vi as in the case of JFET through the modulation of
depletion region,

POLI-FE
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104 Van= 15 i

bl '

IhIl'ul

T T T * 1 T T
+E5V #HO0V 15V 0V Vi Visr //""ﬁ\" HIV HEV

{b) Transfer Characteristics

{a) Drain Characteristics
Characteristics of Enhancemen type MOSFET

Depletion MOSFET (DE-MOSFET)
Symbol

- L N L -
Le] 5 0w
Fig (2} p-channe! depletion type MOSFET  Fig (b): n-channel depletion type MOSFET

Comm:c"@n

Fig below shows the construction of depletion type of MOSFET with n-type channel,
Twa highly doped n' regions work as source and the other one as drain, Between these
two n” regions, an n-type of channel is diffused. A thin layer of 5i0), is deposited over
the surface. The gate, source and drain connections are made by depositing aluminum
over Si0; layer. -7 7

Operation

Ifthe gate valtage is made negative, there will be +ve charges (induced) in the near side
of iy layer. This, in turn, will induce +ve charges in the channel (n-type). The n-type
channel has electrons as the majority carriers, Therefore the induced tve charges will
make the channel less conductive, As a result. the drain current will reduce.

POLY-FE
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o

-

'1 GATH IHAIN
covrce 1 AEuMm

b = + +
H .
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i

a1

F(SUBSTRATE]
]

Fig: Depletion type (n-channel) MUSFET
As the gale voltage is made more negative the drain current will be lesser. The negative
gate voltage causes an effective depletion (i.e., reduction) of majority carriers; hence ie
has the name depletion MOSFET. On the otherhand if +ve voltage is applizd to mclgatc it
induces —ve charges in the channel, thereby increasing the conductivity and is equivalent
1o enhancement mode of operation.

Characteristics

Fig{a) shows the drain characteristics of the depletion type FET. The set of curves for
values below Vgs = 0 are for depletion mode (similar to JEFT). The set of curves with
values above Vi = 0 are for enhancement mode.

Fig () shows the transfer characteristics. On the lefi-hand side. is the depletion mode,
where Vs is —ve. On the right hand side is the enhancement mode where Vg 15 tve. Al
Vs = 0, the value of 1, is equal to Ipss. As 2 value of Vi = Vo i, the ls reduces wa
negligible value; this value Vs orp cormesponds to pinch-off voltage V, of 2 JFET.

ENHANC EMENT MODE

DEMLETION ACODE

T T 1 T Vi (VOLTS
+5 a1 20 ot J

Fig (a): Drain Characteristics
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I &
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Fig (b): Transfer Characteristics

= 9. Enumerate the differences between a Bipolar Junction Transistor (BIT) and u
Junction Field Effect Tramsistor (JFET) in respect of construction, doping and

operation. Draw a schematic symbol of a P-channel JFET.

Answer:

Comparison between the BIT and the FET
BJT

L. Two types of camiers (electrons and holes)

are required.

2. Carriers move through the base by diffusion

3. The BIT has a comparatively lower
switching speed due 1o the diffusion process,

4. The BIT is not a thermally stable device.

5 In case of IC fabncation, the BIT requires
meore space than the FET.

6. The BJT iz a current-contralled device.

T, The BJT offers low input impedance.

8. BJT |s much noisier than FET.

9. The BIT has offsct voltage.

10, The BIT can also be used as a switch; it is
taken to be in the OFF state when aperating in
the cut off region, and in the ON state when it is
operiting in the saturation region

[Model Cuestion]

FET
1. Only one type of carrier (electron or hole) is
required,
2, Carriers move threugh the channel by drift
process.
3. The FET has a higher switching speed due to
the drift process; the drift of the carrier is faster
than diffusion.
4. The FET has a negative temperature
coefficient of high-currenl operations, i.e., the
current decreases as temperature increakes. Due
to the particular feature, a uniform temperature
distribution and protection against breakdown
can be achieved distribution and protection
agninst breakdown can be achicved.
5 In case of 1T fbricaticn the FET requires
lesser space than the BIT,
6 The FET i5 a voltage-controlled device.
T. The FET offers high input impedance;
tharefore, it cen be used 33 2 boffer,
8. FET i5 less nousy.
9. The FET has no offset voltage.
0. The FET is pamicularly useful for its
aperation as a ecntrolled switeh, operating in
hath the eonducting and the non-conducting
FOTIES,
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= 10. What is CMOS? [Model Questian]

Answer:

CMOS is most popular technology for the implementation of digital systems The small
siza, cost of fabrication and low power dissipation of MOSFETs enable extremely high
levels of integration of both |ogic and memory circuits,

The CMOS |ogic gate consists of two networks. The pull-up network (PUN) constructed
of PMOS tranzistors and the pull-down network (PDN) constructed of NMOS transistors,
(shown in the above figure). The two networks are operated by the input variables, in a
complementary fashion. Thus, for the three-input gate represented in the figure, the PDN
will conduet for all input combinations that require a low output (¥ = 0) and will then
pull the gutput node down to ground, causing a zero voltage 1o appear al the output
¥, =0 Simulianeously, the PUN will be oft'and no direct dc path will exist between ¥,

and ground. On the other hand, all input combinations that call for a high output
(Y = 1) will eause the PUN to conduct. and the PUN will then pull the output node up to

Vo establishing an owput voltage ¥, =F,,. Simultangously, the PDN will be cut-off

and again no current path between V), and ground will exist in the eircuit.

Mow, since the PDN comprises NMOS transistors and since an NMOS transistor
conducts wher the signal at its gate is high, the PDN is activated (i.e,, conducts) when the
inputs are high. In a dual manncr, PUN comprises PMOS transistors and a PMOS

transistor conducts when the inpur signal at its gate is low; thus the PUN is activatad
when the inputs are low,

POLP-FE



M  FUNDAMENTALS OF ELECTRICAL & ELECTRONICS ENGG. - FE.94

-

Pusdi-up network
[PLIN)

e—

Pull-down netwark
(FDN)

1

f

Examples of CMOS logic circuils
We can implement any logic gates (NOT, NAND/ANS, NOR/OR, XOR/XMOR etc.) or
combinational circuits using CMOS technology,

PO F-FE

Chapter 6: Overview of Analog Circuits ||

Chapter at a glance:

6.1 Introduction

One of the most versatile and widely used electronic devices in linear application is the
operational amplifier, most ofien referred to as operational amplifier. An operational
amplifier {Op-amp) 15 a linear integrated circuit {IC) that has a very high differential
voltage gain, high input impedance and low output impedance. It can amplify signals
having a frequency range from 0 Hz to | MHz approximately. Mus: commonly uses are
in instrumentation and control system. .
Operational amplifiers are popular because they are low cost, easy 10 use, and fun to’
work. Operational amplifiers are heing used in number of electronic application such as in
fields like audio and radio communication, instrumentation systems, contral svstems, bio-
medical elecironics, and indusirial electronics.

An Operational Amplifier can be used as 2 adder, sublractor, integrater, differentiator,
comparator, voltage follower, elc.

6.2 1C-741
Oftset ol [I ﬂ Ne
Invertimg [npul E Z| +Y
Man-inverting Input E E Ohstpat
-¥ t - z| Ot mudl
6.3 Feedback amplifiers

The important characteristic of an amplifier {s its voltage gain, input and output
iinpedance and bandwidth, These parameters are constant for a given amplifier. In order
10 vary these values of amplifier, parameter feedback technigue is used.

The basic concept is that the output signal (current or voltage) is sampled and a portion of
it is mixed with'the input. If the feedback voltage opposes the input voltuge, then it s
called negative feedback. If the feedback voltage assists the input voltage, it is called
Positive feedback.
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Fig: Block Diagram of feedback Network
The figure above depicts block diagram of a feedback amplifier. The overall gain of
feedback amplifier is given by, 4, = ﬁ
where A = pain of basic amplifier
A, = Gain with feedback
A = feedback factor.
[Here, ‘+* sign is for negative feedback and *~" sign for positive feedback].

' ( Short Answer Type Questions )

A Choose the correct answer from the given alternatives in each of the

following: |

1. An ideal OP-AMP has the following charactenistics-(Ri= input resistance, A=open
lvep gain, Ro.= input resistance) [WBSCTE 2022)
(a)Ry=m, A= and R_=0 (biRe=0, A= and R, =0
() R,=—, A=0and Ry=w (diR, =0, A~ w and Ry= @

Answer: {¢)

2. The cxpression of vollage gain in a nen-inverting amplifier using ideal OP-AMP

is(R =feedback resistance, R= inpul resistance) [WBSCTE 2022
{a)-RJ R, . (b) R¢ R, {c) |+RY R, id)~{ R R
Answer: (¢}
3. The initial slope of a sine wave {s directly propertional to - [Model Quastion]
(a) slew rate (b) voliage gain {c) frequency (d) enpacitonce
Answer: (¢)

PRLY-FE
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4. The voltage follower has a - [Model gunnml
(2] closed-loop voltage gain of unity {h) small open-lgop voltage gain
(c) closed-loop bandwidth of zera {d) large closed-lnap output impedance
Answer: (n)
5. An instrumentation amplifier has a high - [Model Question]

{2) oulpul impedance  (h) power gain {c) CMRR  (d) supply voltage
Answer; (¢)

6. In an op-amp integrator, the current through the input resisior flows into the —

[Model Quastian]
{a) inverting input (b} non-inverting input
{c) bypass capacitor (d) feedback capacitor
Answer: (b}
7. A comparator with a trip point of zero is sometimes called a [Model Question]
(&) threshold detector (b) Zero-crossing detector
() positive limit detector (d) half-wave detector
Answer: (b)
8. The non-linear application of an OPAMP is - [Model Question]
(a) adder (b} subtractor
() voltage 1o currenl converter (d) comparator
Answer: (d)
9, CMRR may be defined as- [Meodel Question]
A A
(a)—* (b4, €)== (d) Ay
A A,
. Answer: (a)
10. The CMRR of an Op-Amp s [Model Question]
(a) impedance dependent (b) voltage dependent
{c) Frequeney dependent (d} independent of these
Answer: (¢)

POLT-FE
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11, 17 the fp 1o the circuit of the figure is a sine wave, the o/p will be  [Model Question)
¥ )

{8) u half-wave rectifier sire wave (b} 2 full-wave rectifier sine wave
(<) m triangular wave (d) a square wave
Answer: {(a)
11, The valuz of V, is given for the following circuil is given by [Mode| Question]
(a) - 37, + 20, IR
(by — 31,
i ¥
(c) 1.5¢, 235V, Y
(d) 21 -3V, Vs
Answer: (d) R
B. Answer the following questions: _
13. Write ane application of OPAMP as differential mode. [Mode! Question)

Answer:
One application of OPAMP as differential mode is Light activated relay.

=44, What is a zero-crossing detector? [Madel Question]
Answer:
Zero Crossing Detector uging 741 [C
The zero crossing detector circuil is an important application of the op-amp comparator
circuit, 1t can also be called as
the sing: 10 square wave
converter,  Anyome  of  the :
inverting  or  non-inveriing \\
comparators can be used as a 3
zero-crossing detector. The aniy
change to be brought in is the
reference vollage with which the
inpul yoltage is 1o be compared, {,:_jv‘ Vir
must be made zero (V= 0V), ”}7
An inpul sine wave is given as
Vi These are shown in the Fig: Zero Crossing Detectar Using UA 741 op-amp IC
circuit diagrem and input and
output waveforms of an inverting comparator with s 0V reference vollage.

Ve

& ¥0-|UA T
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( Long Answer Type Questions )

D 1. Draw the pin diagram of IC741 OP AMP and describe function of each
pin? [WEBSCTE 2023]

Answer:

1" part:

General Purpose Op-Amp 741:

The £ 741 is high performance A _
monolithic op-amp  IC. It s 4 i3
available in 8 pin, 10 pin or 14 pin i
configuration. [t can operale over @ ; f
temperature of =55°C 1o 125°C b

Features: £ e ;'g

i) No frequency compensation ? 4 :
required z - -3

i) Shon circuit proteetion provided e

i) Offset voltape null capability g L . -

iv) Large common mode &nd : I

differential voltage range. 'z v #

] Mo lateh up. £ 2
Internal Schematic: L 'y 2 i3
The Figure shows the schematic .| E 3 = -
diagram of the IC 741 op-amp that i o

has become an industry standard. = g 7 il

This equivalent eireuit illusirates the = 5 ki
intemal structure of the 741 IC op- 5.7 E,f_}'_'r. " _3 E
amp, The diagram helps 1w = - by g
understand all the imernal stages 3 g
along with their capabilitics and the ¥ g; §

limitation, The mest important point
about this equivalent eireuit is that
all the 741 models have this same
equivalent circuit, The data sheet of IC includes absolute maximum ratings, elecrical
specifications, the performance curves and typical applications.

Fig: Internal schematic of IC 741

2" part:

1C 741 Op Amp (Operational Amplifier)
The 741 Op Amp IC is a monolithic integrated clreuit, comprising of a general purpose

Operational Amplifier. It was first manufactured by Fairchild semiconductors i'ng }"ﬁ:
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194.3. The number 741 indicates that this operational amplifier [C has 7 funetional pins, 4
pitis capable of taking input and | output pin.
IC 741 Op Amp can provide high voltage gain and can be operated over a wide range of
voltages, which makes it the best choice for use in integrators, summing amplifiers and
general feedback applications. It also features short circuit protection and internal
frequency compensation circuits built in it. This Op-amp IC comes in the following form
factors:

= 8 Pin DIP Package

s TO5-8 Metal can package

« 8 PinSOIC

Fim out of IC 741 Op Amp and their Functions
The below figure illustrates the pin configurations and internal block dizgram of IC 741
in § pin DIP and TOS-8 metal can package.

TOP-8

DIP- &

CEnee

¥t

Cne

O)fTsee
Mall (+)

Pin- Outs of 741 IC

The functions of different pins of 741 1C:

+« Pin4 & Pin7 (Power Supply): Pin7 is the positive voltage supply terminal and Pind
15 the negative voliage supply terminal. The 741 1C draws in power for ks operation
from these pins. The voltage between these two pins can be anywhere between 5V
and 18V,

*  Pin6 (Output): This is the output pin of [C 741, The voltage at this pin depends on
the signals at the input pins and the feedback mechanism used. If the output is said to
be high, it means that voltage a1 the output is equal o positive supply vollage.
Similarly, if the output is said to be low, it means tha voltage at the output is equal 1o
negative supply voltage.

+ Pin2 & Pin3 (Input): These are input pins for the 1C. Fin2 is the inverting inpul and
Pind is the non-inverting input. If the voltage al Pin2 is greater than the voltage al
Pind. i.e, the voltage at inverting input is higher, the output signal stays low.

: POLY-FE
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Similarly, if the voltage at Pin3 is greater than the voltage al Pin2, ie., the voltage at
non-inverting input is high, the output goes high

s Pinl & Pin5 (Offset Nullj: Because of high gain provided by 741 Op-Amp, even
slight differences in voltages at the inverting and non-inverting inputs, caused due to
irmegularities in manufacturing process or externial disturbances, can influence the
outpul. To nullify this effect, an offset voltage can be applied at pinl and pin3. and is
usually done using a potentiometer.

= Pin8 (N/C): This pin is nol conmected to any cireuit inside 741 [C. It's just a dummy
lead used to fill the void space in standard 8 pin packages.

Specifications :

The following are the basic specifications of IC T41:
Power Supply: Requires a Minimum voliage of 5V and can withstand upto 18V
Inpui Impedance: About 2 megachms

Output impedance: About 75 ohms

Voltage Gain: 200,000 for low frequencies e

Maximum Ouiput Current: 20mA '

Recommended Output Load: Greater than 2 kiloohms

Input Offser: Ranges between 2mV and 6mV -

Slew Rate: 0.5V/microsecond (1t is the rate at which an Op-Amp can detect voltage
changes)

The high input impedance and very small output impedance makes IC 741 a near ideal
voliage amplifier.

= 2. Draw (he circuit diagram of a non inverting amplificr with feedback using op-
amp & derive the expression of gain, [WBSCTE 2027)
Answer:
Figure (a)depicts the circuil diagram of a non-inverting amplifier. The input voltage v, is
applied 1o the non-inverting terminal. Since the voltage gain of the OP AMP is infinite,
the potential of the point G is alsa vi. The current flowing into the OF AMP is negligible,
its input impedance being very large. Hence, applying KirchhofT's current law at the
point G we oblain

o=y "
J}"‘"‘GE . )
' R

or, 2. i+-EI'- ()
v

POLT-FE



nf. FUNDAMENTALS OF ELECTRICAL & FLECTRONICS ENGG.  FE.102

Which is the voltage gain of the amplifier system. The voltage gain is greater than unity
by a factor RyR,. As the gain is positive, there s no phase difference between the input
v;:hag,n v, and the output voltage vo. The input impedance of the circait is high and the
output impedance is low,

Fig: (a) Non-inverting amplifier

In the circuit of Fig (2), if #, =0and R ==, the circuit redwces 1o that of Fig: {b)

Equation (2) shows that the voltage gain in this case is-unity. Therefore, the circuit of Fig:
{B) is referred 10 #s & unity-gain buffer or a voltage follower. This circuit offers a gh
input impedance, and a low owiput impedance, and therefore can be employed as an
impedance matching device between a high-impedance source and a low impedance load.

L] -
—
w

Fig: (b1 A volage follower

2 3. What is the differential amplifier? Describe the wse of an op-amp as an
integrator [WModel Question]

Answer: _ :

A differential amplifier i 2 1ype of electronic amplifier that amplifies the difference

between two input voltages but suppresses any voltage common to the two inputs. [t is an
analog circuit with two inputs ¥ and ¥ and ene output Vi, in which the outpul is
ideally proportional to the difference between the two voliages
V,, =A(V, - ¥, ), where A is the gain of the amplifier.

Vi.

Vi

Vi

POLY-FE
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The Op-amyp Integrating Amplifier
In the previous tutorials we have seen circuiis which show how an operational ampiifier
can be used as part of a pesitive or negative feedback amplifier or as an adder or
subtracted type circuil using just pure résistances in both the input and the leedback loop.
But what if we were to change the purcly resistive (R ) feedback element of an inverting
asmplifier to that of a frequency dependant impedance, {£) type complex clement, such as
n-Capacitor, C. What would be the effect on the op-amps output voltage over is
frequency range.
By replacing this feedback resistance with a eapacitor we now have an RC Network
connected across the operational amplifiers feedback path producing another type of
operational amplifier circuit commenly called an Op-amp Integrator circuit as shown
below.

Op-amp [niegeator Circuit

la R « Ve

-

As its name implics, the Op-amp Integrator is an Operational Amplifier circuit that
performs the mathematical operation of Integration that is we can cause the output to
respond 10 changes in the input voltage over time as the op-amp integrator produces
an onfpur voliage whiciis proporsional 10 the integral of the inpur voltage.

In other words the magnitude of the output signal is determined by the length of time a
voftage is preseni m its input as the eurrent through the feedback loop charges or
discharges the capaciior as the required negative feedback ocours through the capacitor.
When a dep voltage, V,, is fiestly applied 1o the mput of an integrating amplifier, the
uncharged capacitor C has very little resistance and acts a bit like 2 short circuit allowing
maximum current 1o fow via the input resistor, Ry as potential difference exists between
the two plates. No current (lows into the amplifiers input and poim X is a virual earth
resulting in zero output: As the impedance of the capacitor at this point is very low, the
gain ratio of X/R, is also very small giving an overall voliage gain of loss than one,
(voltage [ollower circuit),

Az ithe feedback capacitor, € begins 10 charge up due w the influence of the input
voltage, its umpedance X, slowly increase in proportion o its rate of charge. The

POLY-FE
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capacitor charges up at a rate determined by the RC time constant,(1) of the series RC
network, Negative feedback forces the op-amp to produce an owiput voltnge that
maintding & virtual carth at the op-amp’s inverting inpul.

Since the capacilor is connected between the op-amp's inverting input (which is at earth
potential) and the op-amp's output (which is negative), the potential woltage. V.
developed across the capacitor slowly increases causing the charging current to decrease
as the impedance of the capacitor increases. This resulis in the ratio of X /R, increasing
producing a linearly increasing ramp output voltage that comtinues to increase until the
capacitor is fully charged.

> 4 Draw schematically an op-amp Schmitt trigger and explain its operation,
Name an application of it [Mode! Question]
Answer:
A Schmitt trigger circuit is also called a regenerative comparater circuit. The cirouit is
designed with a positive feedback and hence will have a regenerative action which will
make the output switch levels. Also, the use of positive voltage feedback instead of a
negative feadback, aids the feedback voltage to the input voltage, instead of opposing it.
The use of a regenerative circuit is o remove the difficulties in a zero-crossing detector
circuit due to low frequency signals and input noise voltages.
Shown below is the circuit disgram of & Schmin trigger. I is basically an inverting
comparator circuit with & positive feedback. The purpose of the Schmitt trigger is ta
canvert any regular or irregular shaped input waveform into a square wave outpul voltage
or pulse. Thus, it can also be called & squaring cireuit.

Vi

" Rpan =Reiv | Rdiv2

R

Rt Fig: Sehmin Trigger Circuit
Using Op-Amp uAT4] 1T

As shown in the circuit disgram, 2 voltage divider with resistors Ry, and Ry, s set in
the positive feedback of the 741 1C op-amps. The same values of Kq,; and Ry are used
to get the resistance value Rp, = Ry, Ry which is connected in series with the input
vollage. Ry, is used to minimize the offset problems. The voltage ncross R is feedback to
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the non-inverting Input. The input voltage V, triggers or changes the state of output Vo,
every time it exceeds its voltage levels above a certin threshold value called Upper
Threshold Voltage (V.. and Lower Threshold Voltage (Vig).

Let us assume that the imverting input voltage has 2 slight positive value. This will cause
a ncgative value in the output. This negative voitage is feedback to the non-inverting
terminal {+) of the op-amp through the voltage divider. Thus, the value of the negative
voltage that is feedback to the positive terminal becomes higher. The value of ihe
negative voltage becomes again higher until the circuil is driven into negative saturation
(-V,u). Now, let us assume that the inverting input voltage has a slight negative value.
This will cause a positive value in the output. This positive voltage is feedback to the
non-inverting terminal (+) of the op-amp through the voltage divider. Thus. the value of
the positive voltage that is feedback o the positive terminal becomes figher. The value of
the positive voltage becomes again higher until the circuit is driven into positive
saturation (+V.). This is why the circuit is also named a regenerative comparator circuit.
¥

Y Y,
. F*JIC}L__

Vi

."'n- &~

W,

Va
Fig: Schmitt Trngger Input and Output W aveform

When Vo = +V,.. the voliage across Ry, is called Upper Threshold Voltage (V). The
input voltage, Vi, must be shghtly more positive than V., in order to cause the output V,
1o switch from 1V, to -V When the input voltage is less than Vg, the output valtage
Vo I8 2L ¥,
Upper Threshold Voltage, Vg = Vo (Rian/ [RawtRan])
When Vo = -Vaat, the voliage across Rdiv] is called Lower Threshold Voltage (V)
The input volisge, V,, must be slightly more negative than Vi, in order to cause the
outpul ¥, 10 switch from -V, o 4V When the input voliage is less than Vg, the output
voltage Vout is at -Vsat,
Lower Threshold Voltage, Viy = -V i (Rl (R #Raiz])
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Ii the value of Vupt and Vipl are higher than the input noise voltage, the positive
feedback will eliminate the false output transitions. With the help of positive feadback
and its regenerative behaviour, the output voltage will switch fast beiween the positive
and negative saturation voltages,

= 5 (n) Define slew rate of OPAMP.
(hy Draw the circoit diagram of an instrumentation amplifier and explain its
operation, [Medel Question]
Answer:

Slew rate: The slew rate is defined s, the maximum rate of change of output voltage

caused by a step input and usually specified in V/uS.

Mathermatically,
Slew Ratz= %Lm“ Vius

Ideally, the value of slew rate should be infinity.

As the name implies OPAMP ¢an be used te perform various kinds of mathematical,
logical and other tvpes of operations. There are some examples of QPAMP circuits
performing various operations.

b) Aninstrumentation (or instrumentational) amplifier is a tvpe  of differentinl
amplifier that has been outfitted with input buffer amplifiers, which reduee the need for
inpot impedance matching. This amplifier is panticularly suitable for use in measurement
and test equipment. Additional characteristics include very low DC offset. low drft,
low noise, very high open-loop gain, very high common-mode rejection ratio, and very
high input impedances. Instrumentation amplifiers are used where greal accuracy and
stability of the circuit both short and long-term are required.

Although the instrumentation amplifier is usually shown schematically identical 1o a
standard OPAMP. the electronic instrumentation amp /s almost always imemally
compased of 3 op-amps. These are arranged so that there is one op-amp to buffer each
input (+,-), and one to produce the desired output with sdcquate impedance matching for
the function,

The most commonly uged instrumentation amplifier
giretit 1s shown in the figure, The gain of the ¢ircuit 1s

o _[028)50
v, -V, Mo IR
The rghtmost amplifier, along with the resistors
[abelled Ry and Ry is  just the stondard  differential
amplifier circuit, with pain = R,/ Ry and differential

input resistance = 2'R.. The two amplifiers on the lefl are the buffers. With Ry, removed,
POLI-FE
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they are simple unity gain buflers; the circuit will work in that state, with gain simply
equal to Ry / Ry and high input impedance because of the buffers. The buffer gain could
be increased by putting resistors between the huffer inverting inputs and ground to shunt
nway some of the negative feedback: however, the single resistor R g between the twao
inverting inputs is a much more elegant method: it increases the differential-mode gain of
the buffer pair while leaving the common-mode gain equal to 1.

[his increases the commen-mode rejection ratio {CMRR) of the circuit and also enables
the buffers 1o handle much larger common-mode signals without clipping than would be
the casé if they were separate and had the sume gain, Another benefil of the method is
that it boosis the gain using a single resistor rather than & pair, thus avoiding a resistor-
matching problem and very conveniently allowing the gain of the _cin.-.u'tg to be changed
by changing the value of a single resistor. A set ol switch-selectable resistors or even 8
potentiometer can be used for Ry, providing easy changes 10 the gain of the circui,
without the complexity of having to switch matched pairs of resistors.

The idedl common-mode gain of an insrumentation amplifier is zero. In the circuit
shown, common-mode gain is caused by mismatches in the values of the equally
numbered resistors and by the mis-match in common mode gains of the two input op-
amps. Obtaining very closely matched resistors is & significant difficulty in fabricating
these circuits, as s optimizing the commaon mode performance of the input op-amps.

An instrumentation amp can also be built with two op-amps 1o save on cosl and increase
CMRR., but the gain must be higher than two (+6 dB).

2 6. Define the terms in connection with OP-AMP (a) input bias current (b) output
offset voltage (¢) CMRR. [Mode| Question]

Answer:

a) Input Bias current:

Ideally, no current flows inlo the input terminals of an op amp. In praciice. there are

always two input bias curremts.

Values of 1y range “from 60 fA (about one eleciron every three

microseconds) in the AD 3549 electrometer, 10 lens of microamperes in =

some high speed op amps. Op amps with simple input structures using M

bipolar junction transistars (BJT) or FET long-tailed pair have bias o—_

currents that flow in one direction. More compley input structures L

(hias-compensated and eurrent feedback op amps) may have bias

currents that mre the difference between two or more internal current sources, and may

flow in either direction. Bias current is a problem to the op amp user because it flows in

external impedances and produces voliages, which add to system errors. Consider a non-

Inverting unity gain bufler driven from a source impedance of 1 MQ. IF I is 10 nA, it

will introduce an additional 10 mV of emror, This degree of amor is not trivial in any

system. Or, if the designer simply forgets about Iy and uses capacitive coupling, the
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cirouit won't work— at all! Or, if Iy is low enough, it may work momentarily while the
capacitor charges, giving even more misteading results. The moral here is not to neglect
the effects of IB, in any op amp circuit. The same admonition goes for in-amp circuits.

b) Input Offset Voltage:

The input offset current. 108, is the difference between IB— and 1B+, or [0S = [B+ — |B=,
Note also that [0S is only meaningful where the two individual bias currents are
fundamentally reasonably well-matched, to begin with, This is true for most vollage
feedback (VFB) op amps. However, it wouldn't for example be meaningful to speak of
105 for a current feedback (CFB) op amp, as the currents are radically un-matched, 1t
should be noted that rail-to-rail input stages comprised of two parallel stages have bias
currens that change direction as the common-mode voltage passes through the transition
region. Bias and offset currents for these devices are especially difficult to specify, other
than simply giving a maximum positive/negative value.

¢) CMRR:

If a signal is applied equally to both inputs of an op amp, so that the differential input
voltage is unaffected, the output should not be affected. In practice, changes in common
mode voltage will produce changes in outpit. The op amp common-mode rejection ratio
{CMRR) is the ratio of the common-mode gain to differential-mode gain. For example, if
a differential input change of ¥ volts produces a change of | W at the output, and a
common-mode change of X volts produces a similar change of 1 V, then the CMRR is
XFY. When the common-mode rejection ratio is expressed in dB, it is penerally referred
10 as common-mode rejection (CMR}-—please nole that there is very little consistency in
this throughout the semiconductor industry with regards 1o the use of dB or ratio values
for CMR or CMRE. Typical lgw frequency CMR values can be between 70 dB and 120
dB, but at higher frequencies, CMR deteriorates. In addition to a CMRR numeric
specification, many op amp data sheets show & plot of CMR versus frequency.

| CME = 30 bog
CMRA

TMRER
df

ol o1 1 MO0 Lk I 100K Ik
Freguaency - Hi
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CMRR produces a corrésponding output offset voltage error in op amps configured in the
o inverting mode. Inverting mode operating op amps will have less CMRR error. Since
bath inputs are held ot 2 ground (or virtual ground), there is no CM dynamic voltage

S 7. What are the different parameters of Operational Amplifier? Explaia.

[Model Question]
Answer:
The different parameters of Operational Amplifier are:
Input Offset Voltage (Vi)
It is the voltage that must be applied between two input terminals 1o balance the
operational amplifier i.e. 1o null the out-put as shown in figure 1. Here V,, dEI:I:lH input

offset voltage. N
M
- . l)
JEE= - *
— _ Ve V=0
-F' " =
i Ry
_";n
Ra £ 10042

Fig: | Input offset voltage

Input Qffser current (1)
The difference between the separate current entering input terminals of a balanced
operational amplifier is called a input offset currents [,

I E!"rrrl" Tysl
Where the output voltage is (0 ¥ and the oy L
temperature is 25°C. — ] _
Iy, =Current into non-inverting input 5 H e
== = L= (et =l whens V. =0

iy =Current into inverting input =
Ideally, if both transistors in  the N

differentinl pair have exactly the same Fig: 2 Input offset current

fi's, both current will be equal Js; = Fy. In practice, small difference will exist between
the two bias currents. This difference 15 called input offset current [

For operational amplifiers with BJT inputs, Je is typically in the range from 30 w
100 nA, where as £, will usually be around 10 1o 20 nA. These currents are low, but they
still can have a significant effect on the output of the operational amplifier. The range of
I is from 1pA or more for general-purpose operational amplifier to |pF or less for
operational amplifiers that have field-effect transistors at the input.
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Inpur bias Currenr (Iy)
It s an average of currents into inverting and non-inverting input terminals of aperational
amplifier with output voltare zero. 1, =!‘"—:',ﬁi when, IV, =10
Inpui offser volrage drift
It is the ratin of change i input offser voltage (AF), ) o change in temperature {AT).
[hput nffset voliage drifi = Al
AT
Inpur effser current drift

1t is the ratio of change in mput offset current ta change in temperature,

[nput offset current drift =L
aT

Ouiput offsef voliage

[t is the difference between the DC voliage present at the output terminal when two input
terminals are grounded,

Supply Valtage Rejection Ratfe (SVRR)

It is the ratio of change m input offset voltage Vi, 1o the variation in supply voliage.
Genperally SVRR is expressed in pv per volt or in decibels.

Slew Rare (SR)

It 15 defined as the maximum rate of change of outpul voltage with respect o time.

SR= ﬂl

- jf T
% = Rate of change of outpit valtage per unit time under large signal condition (V/uS),
Slew rate gives the in formation aboul how fast the output of op-amp can change with the
change in input. In a.c_application slew rale is very imporiant parameler,
Ouiput resistarce (Re)
11 i5 the equivalent resistance measured between output terminal of op-amp and ground.
Generally the velue of R, is low,

Power Consumpiion (Pg)
1t is the amount of power that operational amplifier consumes for its proper operation,

Full power bandwidth
This is the maximum frequency at which full cutput voltage swing can be obluined,

= 8. Describe the function of an Op-Amp on (i) an inverter, (i) an adder, (i) an
integrator (iv) a differentintor and (v) an amplifier, [Model Question]

POLY-FE
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Answer:

(i) Inverter: The figure | shaws a basic inverting amplifier with an input resistor R, and
a feedback resistor Ry The non-inverting R { Feod back

input terminal is prounded. The input Reumanee|
voltage ‘is e, and the output voltage is e, =

Since the gain A of the operational ——WA—a

amplifier (A is also called the open loop 0o A e
gain} is very large The biss currents are /'

ideally zero as operational amplifier offer [V irual ¥

s 21, . y = Fig: | Inverter Chircuit
infinite input resistance. Also different Cinbated) §

between terminal voltages e, Vi-V;= Ey is ideally zero, That js, two voltages are equal
The voltage Vial the inverting input terminal is very small, in fact, it is very clgse to the
ground potential i.c. although the point G is not actually connected to ground, it is held
virtually -at ground potential, imespective of the magnitudes at the potentials & and e.
Hence the node 1s said to be virtual ground. Let the current “i" be flowing through
resistance R. As amplifier is not drawing any current, all current will flow through the
feedback resistance R

Now applying Kirchhofls law at node G.

=0 D)
2 -Eﬁ ¢ Hr
— e — :u——-—q
R R, o
A Feedback Resistance = Bl Vi
Input Resisance b L
I R
E_—- 2 ar, L‘|,=——:':' ...{EI
e R R

Thus the voltage gain is given by the ratio of the feedback resistance R, to the input
resistance R, The negative sign indicates thar the output voltage is inverted with re<pect to
the input voltage,

(i) Adder: An aperational amplifier can be used as an adder. An adder or a summing
amplifier using an ope-rational amplifier is shown in the figure 2.

K
Ll

el - 3 'I‘I'-"-
ﬁﬁ“. = g="1

[ 4] (1Y
=\ e o <.

S v 1

Flg. 2 Adder Cireuit
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[.et us consider e, € ....... & inputs are applied through Ry, Ra oo R
Hence the pomt G is a virual ground.
Now considering the idea of virtual ground, we can easily see that the sum of the currents

through the resistance Ry . Ra, ..., R, is equal to the current | through Ry. So applying
KirchhofTs current law, we get iy +1y +1y =i, =i ) )
Now,
;80 &
' R R
i .
TR
J'-‘:-EL ﬂnd a!sﬂ EJ—__GE.:;:"-EL
& / &,
‘.__EL=-[£L+5;.,,&+ ______ &l e i
R R R R B, W&

If R=R =R =..=R =R,

Seyg=—(e 8 unnte ) =D 8 w(5)

bl
So it is clear that, the outpul is the sum of all the inputs, i.e., the output voltage e is
numerically equal to the algebraic sum of the input voltage e through e,. Hence the name
of the circuit is given.

I C
(iii) Integrator: The operational i S
amplifier can be used as %n integrator. € B o
The circuit diagram is shown in the — @ e
figure 3. Herc the output vollage is l ' _T_

proportional 1o the time integral of the —=
input voltage. Hence this circunt is called

ah integrator.

Integrators are used in ramp or sweep
generators ete. Here C js introduced in the feedback path. The circuit is most easily
analyzed in the fullowing way. Since G is virual ground, its ground potential is zero and
the gain of the operational amplifier is infimte

Fig. 3 Jmémm Circuit

The input current {, ;—% flows into the feedback capacitor and produces the voltage ¢,

i)

=
|
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and O-g, =L‘ Ii,d.r My
@

Mow From eqn. (7), &, =—% i

Now putting the value of i, from eqn. (6} we have
e, = b Ie,df ] et +[1C] _ —» Integral constant ~A8)

RC RC d
MNow it can be seen that the output potential is proportional to the time integral of the

input.-ﬂ% is called time constant, 1f ﬁ;l (By making R = IMQ & C= 1uF), we call

it real time integration. If %C =2, then we get double value. Time Constant is the slope

of the curve,

(iv) Differentiator: The operational amplifier can be used as a differentiator. The circuit
diagram is shown in the figure 4 Here the output voliage is proportional to the time
differential of the input voltage. Hence the circuit is called a “DIFFERENTIATOR™. The
cireuit is most casily analyzed in the following way. Here C is introduced in the input
path; Since G is the virtual ground its pround potenual is infinite gain of the operational
amplifier. Input current 'i' flows inlo the feedback resistor and produces a vollage e,

\ L8
= T
2 W - oW
—*'I G =
o
Fig. 4 [;ﬁremmiumr olreuit
New,
; ,dQ L de
el prij=——=C—
0=Cq i - dt
I:Jl =¢¢, orid=C -'—J‘ [f,) b )
d*
. B-e
Again, T = L0

Therefore, from eqn. (9) and (10) we have — % =( g-{el]
It
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L
or.e, = =RC E[E’] WA

Mow it can be seen that the output potential is proportional to the differentiation of the
input, Here RC is called time constant.

{v) Differential Amplifier with one operational amplifier (Subiractor);

The differential amplifiers are used in instrumentation and industrial applications 1o
amplifyv difference between two input signals. Figure (a) shows the differential amplifier
with one operational amplifier The circuit has two inputs ¥, and V.. Now applying
KirchhofT™s current law we have,

=% _K-K
A1)

=2 . ) |

¥ Fig. A Subtractor circuit

or, V:-i( x5 ]:l" [ & .‘i e (3)
(

() A5
R, R: R R K RR;

LA R: ][&+R~]__H_

& C\R+RJURR ) R
% ‘_;:,{p p;_-:’ﬁ{v “WY=AN (8
ot rrr]

R
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Voltage Gain: Ap)
Therefore, the voliage gain of the operational amplifier is:
"Tﬂn=£1'=_ﬁ s (3)
VII RI.

Note that the gain of the differential amplifier is the sume as that of the inverting

amplifier

Input Resistance (R)

The input resistance By of the differential amplifier is the resistance determined into
either one of the two input terminals with other grounded.

Therefore, F5 = 0¥, the circuit is an inverting amplifier the input resistance at which,

R.=R .oee (B)
Similarly in the case of non-inverting amplifier, T.hi: input resistance
R =R, + R, enee{T)

In equation (&) and (7), it is obvious that the input resistances seen by the signal sources
V¥, and F; are not same. This problem can be corrected and both input resistances can be
made equal if we modify the basic differential amplifier at figure. If the value of both &,
and (R + Ry) can be made larger than the source resistances so that the loading of the
signal sources does not oceur.

= 9.(s) What arc ithe properties of feedback amplifiers?
{b) Draw a current-series feedback amplifier circuit and derive its overall gain.
{c) What type of feedback is necessary for oscillation and why?
{d) Whalt are the advantages of Wicn-bridge oscillator? [Model Question]
Answer:
a) Properties of feedback amplifier;
o Can increase or decrease input impedance {depending on type of feddback)
o  (an increase or decrease output impedance (depending on type of feedback)
o Reduces distortion {increases lingarity)
* Increases the bandwidth
o Desensitizes gain W component variations

o Can control step response of amplifier
b) Current-Serics Feedback:

In Fig. (a)  block diagram of a current-series feedback topology is shown. As can be
Seen i is o series-series (SS) circuil.
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R — = w Y
o—— Inemal i
vy, Amplifice 2Ry

o T}

: Feedback i

i MNefwork !

L3 b

Fig: (a) i

- ' Fig: (b
Here a pant of the Fig. (s) output circuit is made to Teed back a proportional voliage in
series with the input. Since it is a series pickup and a series fesdback, both input and
oulput impedances of the amplifier are increased due to feedback. The circuit shown in
Fig. (b) shows one of current-series feedback. Here the feedback voltage is the voltage

v, across the unbypassed eminer resistor R, Neglecting the base current we get,
Fy ==ReL,, where ], is the output collector currenl. The sampled signal is the current
I, and the feedback signal is the voltage ¥, . Hence the circuit is referred 1o as the
current series feedback, Here the feedback is negative

¢) The use of positive feedback is useful for producing oscillators,
The condition for positive feedhack is that a portion of the output is combined in phase
with the input. For an amplifier with positive feedback the gain is given by the expression
below. ; :

The large open loop gain of an op-amp makes it inevitable that the condition 4 # =1 will
be reached, and the gein expression

Ve =AY "

V=4V, +8V.) [as, ¥’=V, +8V_] . s ;\/\ e
E_ :E] = .v{.lﬂ'] =AY,
Vs
¥, 1-AR

A Y

(i)

v, =p'_|3t1~

¥, hecomes infinite.
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Practically speaking, the gan which applies at low signal amplitudes will be reduced
until the output amplitude reaches some constam value. However, that limiting value will
be independent of input, allowing aboye expression.

d) Wien Bridge Oseillator's advantages:
1. Provides a stable low distortion sinusaidal output over a wide range of frequency
2. The frequency range can be selected simply by using decade resistance boes,
3, The frequency of oscillation can be easily varied by warying capacitances C,; and
Csimultaneously. The overall gain is high because of two ransistors,
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Chapter 7: Overview of Digital Electronics II

Chapter at a glance:

7.1 Boolean Operation (Boolean Theorems & ldentification)
7 ve |

. AtB=B+A

2 AB=HA

3 AZB-BSA

4. AGB=B@A

7.1.2 Associative law

l. A+(BHC)=(A+BC
2. A(BC)=(ABLC
3. AS(BeC =(agB)eC

Note: NAND & NOR function are nof associative,

7.1.3 Distributive [(h+c) = ah + ac This is called the Distributive I-.uﬁ

. (B+C)=AB+AC Lt et g v

7.1.4 ble Ne W,

lLAA=A L.ATA=A JLAA= 4L AA=0

LA+AB=A 2 A(AHB) = A

7 o y
Statement I:
It is statz that complement of the sum of variable is equal 1o the product of the

camplements of the variable.

vorview of Digi J FE.119

Proof: ie. AtB=A.B
A 7] A A AB | AB | A.B
[ ] i 1 0 [ ]
0 1 i 0 I 0 0
L 1] i i 1] 0
[ 1 I o | o ]| 0 0
From the truth table we see that A+B = A B

Starement 2:
It state that the complement of the product of varable is equal to the sum of the

complements of the variable.

Proof: ie A.B=A+B
A B A B AB AB A+l
0 1] | 1 ] 1 1
(1] | I [1] 0 1 |
1 0 0 I 0 I 1
[ 1 i [ [ 1 0 1]

From the truth table we see that A B =A+B

The vanous standard forms for logical functions are:
(1) Standard Sum of Produci Form.
(ith Standard Product of Sum Farm.

7.3 Logic Gate

Logie gate is en electronic circuit, which makes logic decisions.
* |t has one output and ene or more inputs.,
*  The output signal appears only for certain combinations of input signals.

Types of Gates
*  OR Gate. AND Gate, NOT Gate, NOR Gate, NAND Gate, EX-OR Gate ’XOR
Gate / Exclusive OR Gate,

*  XNOR Gate / EX-NOR Gate/ Exclusive NOR Gate.

There are just three basic gates- AND gate, OR gate, and NOT gate.

Truth Table: This table gives the output of all passible input combinations.

7.3.1 OR Gate

The OR gute, which is composed of wo or more inputs and a single output, performs
logical addition.

POLY-FE



ni FUNDAMENTALS OF ELECTRICAL & ELECTRONICS ENGG FE.120

S,lrmbél ol DR gate: Truih tablc:
i e _hm.,_x A B AD
| “e—a AR 0 0 0
ne — 1 0 1 I
W } I 0 I
Logic Equation: Y=A+B 1 1 I

7.3.2 AND Gate

The AND gate. which is composed of two or more inputs and a single output, performs
logical multiplication

Symbaol of AND gate: Truth table;
e | _"“\,I A B AB
—e A 0 0 0
i 1 0 | 0
Logic Equation: Y=AB : ? ?

7.3.3 NOT Gate

The inverer (NOT circuit) performs a basic logic function called inversion or
complementation.

sl E i FE121
Symbol of NAND gate: Truth table:
i .._;_.__“ : A £ AB
o—e AR o 0 1
e Jrl [} 1 1
- 1 0 1
 Logic Equation: Y=ARB ! L L

7.3.6 EX-OR Gate
The exclusive-OR or XOR gate has two or more inputs. [n general. an XOR gate gives an
output value of 1 when there are an odd number of 1's on the inputs to the gate.

Symbol of the XOR Gate Truth Table:

& A a AEB
AR 0 o 0
) > i
. | 0 I
Logic Equation: L 1 1 i

Symbol of NOT gate: Truth table:

A
A e 0
1

Logic Equation: A=A

-

|
0

7.3.4 NOR Gate

The NOR gate, which is composed of two or more inputs and a single oulpul, also has a
universal property. The term NOR is formed by the concatenation NOT-OR and implies
an OR function with an inverted output.

Symbaol of NOR gate a Truth able:
Ao - & A+B
N e ] 0 |
0 I {}
Logic Equation: Y=A+B 1 ot T g

7.3.5 NAND Gate

The NAND, which is compuosed of two ar more inputs and a single output, is a very
popular logic element because it may be used as a universal function, The term NAND is
f‘:ﬂ"ﬂﬂd by the concatenation NOT-AND and implies an AND function with an Inveried
output,

PONLF-FE

Y=AD®B=AB+AB

7.3.7 EX-NOR Gate )

The exclusive-NOR or XNOR gate has two or more inpuls. The outpul is aquivalent o
inverting the oulput from the exclusive-0OR gate described above In general, an XNOR
gate gives an outpul value of | when there are an even number of 1's on the inputs to the
gate,

Symbol of the XNOR Gate Truth Table:
: B | “=n
A . 5 | A®B-AGB
| o I
0 I i}
Logic I
1

e =]
=

* Equation:Y.=AOB=A®B=AB+AB

4

By this gate all the Boolean function can be implememed i.e all the digital system can be
implemented. NAND Gate and NOR Gate are two universal gates.

NAND Gane as o Universal Gate

HOT Gate using NANLD Gate AND gate using NAND Gae | OR Gate using NAND Gate

& D I‘&Dwn
n
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7 5 NOR Gate as a Univarsal Gale

| NOT Gate using NOBR Gate OR gate using NOR Gate

Y=a
B

AND Ciate using NOR Gate

7.6 K-map

The Karnaugh map is a tool 1o facilitare management of Boolean algebraic expressions.
A Kamaugh map is unique in that only one variable changes value between sguares, in
other words, the rows and columns are ordered according 1o the principles of Gray code.

»  Basically K-map is a graphical method for minimizing the Boolean expression.
There is a one to one map betweea truth table rows with respective minterms or|
MAXTErms.

Step 1 Convert Boolean expression in the sum of minterms or maxterms.

Step 2 Find No. of cell in K-map by using formula cell Mo. 2%, n is the No. of variable in
Boolean expression.

Variable |2 3 a
Rovws z i 4
Columns 2 A 4

L
Step 3 Draw the K-map and write down the number in following manners.

ApCPEDn  Epion oy €Bao)

ABwooy O [ 1 3| 2
agon | * 3 "'___ .
maty| 2 13 E 14
AB(10) g g 11 10
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Step 4 Write | for minterms or 0 for the maxierms in the respective cell which are
presents in the standard SOP or POS of the Boolean expression. eg. Let a Boolean

expression in a SOP form be (ABC D)= ) m(0,1,6,7,11,14)

€D
D b0 01 1
0 | 3 2
00 || !
i 5 7 6
01 , i
T Z{ 13 15 W
!
8 5 I 10
10 |

Step 5 Grouping

The mast important thing in a K-map is grouping. We have to choose octets, quads &
pairs in such n manner, which can form the largest group.

Octet: An octet s a group of 8 adjacent | (for SOP) ar O (for POS)

Quad: A quad is a group of 4 adjacent 1 (for SOP) or 0 (for POS).

Pair: A pairis a group of 2 horizontal or vertical adjacent of | after completing the
larpest possible grouping (f any 1 (for minterms) and 0 (for maxterms) remains encircle
each of them.

Step 6 Eliminate any redundant group,
Step T Write the Boolean equation coresponding 1o the encircled group.

lip-F|

"Flip-flop is made up of logic gates and it permits information to be stored in it. Figure

shows a general type of symbol used for a flip-flop.

Block dingram
e Q o Normal output
T P
o—tos Q2 tnverad oups
Etpi'ﬂﬂﬂfhﬂ Flip Flop symbal
Outpat States

0=1,0 =0 : ltis called High or | state also called Set state.
Q= 0.0 =1 : Iis called Low or 0 state also called CLEAR or Reset state.
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A lateh is the most basic type of Alip-flop circuit Tt can be constructed using NAND or

NOR gates

Tyvpe of Latches
1. NAND gate latch
2. NOR gate latch,

Logic diagram
NAND Gare Larch /8 R Laich

NOR Gate Latch / R 8 Latch

8 Q I’ o
= g s g

Lowic dusgram

7.9 RS Flip-Flop

RS Flip-flop used as restoring information. It has twe stable states, which can be

Logic disgrom
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achieved by giving proper inputs to R and § inputs, The flip-flop will assume one of its
two stable states depending upon any asymmetry in the circuit.

Block diagram Truth Table
- I | Inputs Outputs Made
k& 5| k| 9| Q ?
e ? = ol o | o 5g No change
i) T 0
I _—
P dagm 1 2 Prohibited
Logic diagram (Qyis the o/p of previous siate)
i 0
5 g
Livgie dingram
7

JK flip-flop is modification of SR Mlip-fep Hear we overcome the race condition which
oceur in JK flip-flop JK flip-flop is called an universal Nip-flop because the other Nip-

flops like D, R-5 and T can be derived from it

FOLT-FE
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[ Block diagr o Truh Tahle
— —=o [T TK[c 0 E:J Orperatinn
CLE ——; 0 0 [0 [Rising oo |5 [ =
—F e I edge =" | change)
0 |1 [Rising f [ Resct
Block dagram of [K Flip-Flap =
0 —
Logic diagram 1 |0 |Rising I [0 [Sa
: ] (1 ;‘_‘5‘ — Torge
ising
edpe Go Qﬂ .
CLK
3
Lesasc diagram
7A1DFli

Basic Mdea

D Flip-Flop is a flip-flap with a delay (D) equal to exactly one evele of the clack. [a D
flip-Nop input 1o R is through an inverter from S, so that input to R is always the
complement of § and never same.

TAZTFI

A T Flip-flop has a single contro| input, labeled T for toggle. When T is HIGH. the flip-
flop 1oggles on every mew clock pulse. When T is LOW. the flip-flop remains in
whatever state it was before. Although T flip-flop are not widely available commercially,
il is easy w convert a J-K flip-flop to the functional equivalent of a T {lip-flap by just
connecting J and K together and labeling the common connection as T. Thus when
T=1,wehave )= 1K= 1|, and flip-fop toggles. When T = () we have | = K=48,and
there is no change.
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Lagic diagram Truth Table
Input | Output
T Q
T
e
cr |
=@
{m}L.ogac Dragram
7.13 Counter

A counter is a special kind of register, designed o count the number of clock pulses
arriving ai an input.

1o the digital equipments, counters are used for measurement frequency and time period,
sequencing of equipment operation, frequency division and manipulation,

Counters are compaosed of flip-flop or ICs.

Applications of counter
Counter can be used to count ¢lock pulses. Few important applications are given below:
i) Measurement of frequency
ii) Digital voltmeter
iii) Direct counting of objects moving at a high speed
iv) Measurement of time interval between two events
v] A/D converters used to count and store digital output, which is obtained from
analog signal.
vi) Measurement of time interval between two events,

7.13.1 nchronous Cou

When the {lip-flops are connected serially and output of preceding flip-flop clocks the
succeeding {lip-flop, it is asynchranous counter a5 the change of siales occurs one after
another. In asynchronous counter the time defay is high than the synchronous counter, so
frequency is low than the sequential counter.

Block diagram
Clock
l Ay Ay Az A
Ta s i b i it :I_ v h J
nex| b 'j— e de» - J{i i L

9. K | = qu

Agiyrichraraus O suntes

=
L
=
=
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In synchronous counter all flip-flops are clocked simultaneously with the clock's input
connected in parallel to clock pulse,

This increases the speed of operation of the counter. The pulse 10 be counted is applied at
the clock input terminals.

Block Diagram

This thap-leg This ,-L.ﬂq Thin r-.r i l,..ﬂq,
mu,y: af ogples caly if umnI:dlﬁl qr:g;Lﬂy i
every clock O in “haigh™ DmdQim g Qund G
nulse Tlagh” “high™

Digital systems are mostly designed by combining various logic functions. All these logic
circuits are available in 1C modules and are divided into marny “families’. Each family is
classified by abbreviations that indicate the type of logic circuit used, They are of the
fllowing

Resistance — Transistor Logic (RTL),

Diode Transistor Logic (DTL),

Transistor — Transistor Logic (TTL),

Emitter Coupled Logic (ECL),

Integrated — Injection Logic (1°C),

Complementary metal oxide semiconductor (CMOS) ete.

( Short Answer Type Questions )

1. Which of these sets of logic gates are known as universal gates? [WBSCTE 2027]
{a) XOR. NAND, OR (b) OR, NOT, XOR

() NOR, NAND, XNOR (d) NOR, NAND
Answer: (¢)
L. Adigital circuit that can store only 1 bit information MBECTE.M
(0] NOR gate (h) XOR gate {e) Flip Nap (d) AND gate
Answer: (¢)
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3. The logical sum of two or more than two logical products is termed as

[WBSCTE 2022)
(a) OK operation  (b) POS ‘(¢) SOP (d) NAND operation
Answer: (¢}
4. The dual of the Boolean thearem A{B+C) is — [Model Question]
(1) A+{B.C)= AB+AC (h) AL(BHC) = (A+BYA+C)
{c) AHB.CY={A+B)IA=C) (d} none of these
Answer: ()
8, The universal gate is- [Model Question]
{a) NAND gate (b} OR gate
(c) AND gate {d} None of the above
Answer: (a)
6. The inverter is- [Madel Question]
{a2) NOT gate (b} OR gate
{c) AND gate {d) Mone of the abave
Answer: (a)
7. The inputs of 8 WAND pate are connected together. The resulting circuit is —
[Model Questian]
(a) OR gate {b) AND gate
() NOT gate {d) MNone of the abave
Answer: (d)
8. The NOR gate is OR gate followed by~ [Mode! Question]
(a) AND gate ' {b) NAND gate
(c) NOT gate (d) None of the ebove
Answer: (c)
9. The NAND gate is AND gate followed by [Model Question]
(g) NOT gate by OR gate
(c) AND gate {d) None of the above
Answer: (a)
10. When signed numbers are used In binary arithmetic, then which one of the following
notations would have unigue represeniation of zerg - [Madel Question]
() magnitude (b) I's complement (¢} 2's camplement {d) none
Answer: (a)
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IL. A logie cireuit thet provides & HIGH outpul for both inputs HIGH or bath inputs
LOW isain) - [Model Question]

{a) EX-NOR gate (b} OR gate  {c) EX-OR gate (d) NAND gate

Answer: (a)

12. A logic circuit that provides a HIGH output if one input or the other input, bul not

both, 15 a HIGH, is ain) [Model Question)
{a) EX-NOR gate (b)) OR gate
{c) EX-OR gate (d) NAND gate

Answer: (¢}

13. Identify the type of gate below from the equation Y= A48 8= AB+ AR

[Model Questign]
(1) EX-NOR pate {b) OR pate
{e) EX-OR gate (d) NAND gate
Answer: (¢)
14. Which type of gate can be used to add two bits? Model Question]
{a) Ex-OR (b} Ex-NOR (e) Ex-NAND (dh NOR
Answer: (@)
15, Why is an exclusive-NOR gate also called an equality gate? [Model Question)
{a) The output is fulse if the inputs are equal e
(b) The oumput istrue ([ the inputs are oppesite
() The owtput is triie if the mputs are equal
Answers: (b)
16. ANAND pate is called o universal gate because - [Model Question]
{a) many computers use this gate,
{b) any function can be realize by this gate,
(e} all minimization wehniques are applicable to this pate
Answer: (b)
17, ;j}m [Model Question]
This figure is the symbol of -
{1) OR gate, (b MOKR gate, (€1 XOR gate.

Answer: (c)

18, The minimum number of NAND pates required to realize a XOR gate is
[Mode! Question]
() 4 (b) 5 ()b

Answer: {b)
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19. The first contribution to logic was made by - [Model Question]
(a) George Boole (b) Copemicus {¢) Aristotle (d) Shannon.
Answer: (a)

20. Which logic gate is similar to the function of 1wo serics switches?  [Model Question]
(a) AND (bYOR (e} XOR {d) NAND
Answer: (4)

21. The minimum number of NAND gates required to implement A+ AR AB'C is equal

10— [Model Question]
(a)0 (b) 1 (e)2 (dy4
Answer: (a)

12. The Boolean expression AB+AB'+AC+AC is unaffected by the value of the Boolean

variahle = [Madal Question]
(a) A (h) B (e)C (d) all of these
Answer: (d)
13. A+B can be implemented by using - [Model Question]
{a) AND gates only (b) XOR pates only
{c) NAND gates only (d) none of the above
Answer: (¢}
24. The dual of x.0=0 is - [Madel Question]
(&) x+1=1 (b) x+0=x {c)x+x=x (d) x.0=0
Answer: (8)
25. Which of the following gate can be used as a controlled inverter?
[Model Question]
{a) AND (b) OR (o) XOR {d) NAND
Answer: (c)
16. Any combinational circuit can be designed using [Model Question]
{a) only NAND (b} AND and OR {cyonly AND
Answer: (a)
27. Exponent in floating paint number can be represented by - [Model Question]
{a) Sign-magniiude form, {b) 1's complemented fram,
{c) 2's complemented from. (d} hiased form,
Answer: (a)
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28. A subtractor is nol usually present in & computer because - [Maodsl Question]
(a) It is expensive b} It is not possible 1o design it
(e} The adder will 1ake care of subtraction (d) Nona of the abave

Answer: (¢)

29. Which of the following 4-bit combination is invalid BCE?- Model Question]
(a) 0101 (b} 1010 (e) 1001 idy0al |

Answer: (b)

30, The expression [:!.--P AB) can be written as — [Madel Question]
(i) 4 () B (¢) A+ 8 () A

Answer: (¢) d

31, The dusd of (AB + CD3}: [Model Question]
(a}{A+B)}(C+D) (bBj(A«B+C+D)

Answer: (a)

32, Laws of tautelogy states - [Model Question]
(@Ad=Aandd=A=4 (b) A.A=A and A~A=A
(ClAA=Aand A+ A=A

Answer: (¢)

33. Minimization of Boolean logical expressions helps to reduce— [Mode! Question]
(a) Space (b Cost () Number of pate {d) All of these

Answer: {d)

34, Which of the following does not represent Boolean algebra operation? .

’ [Modei Question]
(a) AND (bj OR (c) NOT (d) XOR
Answer: (d)
A5, Tri-siate bufTer has— [Mode! Question]

(a) 3 output states (b) 2 output states () | output states({d) no output states
Answer: (1) S

J6. A multplexer with 4-bit data select input is a - [Modei Question]
{0} 4| multiplexer ' () 8:1 multiplexer
1) 16:1 multiplexer (d) 32:1 multiplexer
Answer: (¢)
FOLY-FE
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37. The number of clock pulses required to completely load serially a 8-bit shift register

is— [Model Question]
{(a)8 (b4 (€Y7 (dy s

Answer: (a)

38. The minimum number of flip-flops required for a synchronous decade counter is —

[Model Question]

(a)2 (b) 1 {ey 10 (dy4

Answer: (d)

39, Race around condition ocours in J-K flip-flop 1f [Model Question]
(a) J=0, K=0 (b)J=0, k=1 (c) =1, K={ (d) =1, k=1

Answer: {d)

40. Which flip-lop does not have Race problem?- [Model Question]
(2) SR (B)IK )T (d) JK master -safve

Answer: (d)

B. State whether the following stalements are True or False:

4. A+{BCi=(A+BI{A+C). [Model Question]
Answer: True

42. A+AB=A [Model Question]
Answer: Troe

41, A+B+C=ABC. [Model Question]
Answer: False

44. According to Boalean laws A+ A= [Model Questian]
Answer; False

45. Thedual of A+ 1 =] is A"+0=0 [Model Question]
Answer: False

[dual is A.0=0]

46. In 2's complement representation, MSB is the sign bit. [Model Question]
Answer: True

47. Decimal number 90 equals 0101 1010 in 2's complement [Madel Question]

Answer: Truoe

48. A 2's complement adder can add and subtract. [Model Questian]
Answer: True
PN R
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49, A 4-variable Karnaugh map for SOP form has 16 cells. [Model Question]
Answer: Troe

50, In a Karnaugh map, adjacent pair eliminates single vanable. [Model Question]
Answer: True
51, Max-term expression directly yields OR-AND logic eircuit. [Model Question)
Answer: Troe
&2, A NOR gate is equivalent to bubhble input AND gate. [Mode! Question]
Answer: Troe
53. A NAND gate is equivalent to bubble input OR gate. . [Model Question]
Answer: True v
54. Ifany input is low in-an AND gate, the output is high. [Model Question]
Answer: False
55. In a NOT gate the output is equal to magnitude Lo input. [Model Question)]
Answer: False
86, A two input XNOR gate recognizes these words which has simmlar inputs,

[Mode! Question]
Answer: True
57, XOR gate is used as a controlled inverter, ) [Moded Question]
Answer: True
58, NAND and NOR gates are called universal gates. [Model Question]
Answer: True
59. Universal gates consume more power than other gates. [Model Question]

Answer: False

6, XOR pate is used both for parity generating and checking purposes

[Modal Question]
- Answer: True
61. A Nip-flop is a memory element [Model Question]
Answer; True
62. Ina JK Master Slave, the race condition does not oceur. [Model Question]
Answer: True
POLT-FE
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63, In SR latch, R = 1, § = 1 is called the race condition [Model Question]
Answer: True

6d. AT [lip-fiop is ebtained by connecting 1 and K inputs of JK flip lop.
[Mode! Question]

Answer: True

65. A shift register can convert serial deta in parallel data and vice versa.

[Model Question]
Answer: True
66. A J-K master-slave flip-flop has two clocked flop flops. [Modal Question]
Answer: True
67. Divide-by-2 is an inherent capability of D dlip-flop. [Model Question]
Answer: False
68. InzD flip-flop 'D" stands for duration. [Madel Queslion]
Answer: False

C. Fill in the blanks in the following statements:
69, The minimum number of flip-flops required for a decad= counter is 4

[Model Question]
70. A ripple counter is Axymehroneny scquential circuit [Model Question]
71. The minimum number of flip-Niops required for 8 Mod 11 counter is 4.
. [Model Question]
72. A modulus cowter can be used for frequency division [Model Question]
D. Answer the following guestions:
73. What is the function of clock in Mod-N counter? [Modal Question]

Answer:
We can use Mod-N counter as a frequency devider. A mod-N counter has N reapiting

stutes god its output is taken 1o be | only during one state and hence its frequency is F/N,

74. What are differences berween positive logic und negative logic?  [Model Question]

Answer:
There are twa types of representations used in digital systems, the positive logic and the

negative logic representations

POLYFE
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In positive logic representation Bit | represents Logic high and Bit 0 represent a Logic
low as shown. High is represented by +3 Volts and low is represented by -5 Volts or 0
Volts.

In Negative logic represantation Bit | represents logic low and Bit O represents logic high
as shown. In terms of voltage level, bit | can be represented as +3V and bit 0 can be
represented as () V or -5 Volts.

Amplannle[ .
+3V represenia
Logic1 .
: time
=3V represents
Logic 0
-
Fig: Positive logic representation
Ampliuele
+3W represents
Legw 0
-5V mpresents Fan
Loge |

Fig: Negative logic representation

75. Which input values in a J-K flip Mlop causes race around condition in it?

[Model Question]
Answer:

Mo race is found for any inpur combinations anly for J = 1 and K = | sutput toggles.

6. What are the asynchronous inputs to flip-Nop? [Model Question)
Answer:

In the case of S-R F/F the asynchronous inputs are $ (se1) and R {(Reset), In the case of
LK FAF the asynchronous inputs are 1 and K, in D-F/F the asynchronous input is D.

77. For synchronous operation of flip-flop, what will be values of asynchronous
inputs? [Madel Question]

Answer; | and 0 continuously,
POLY-FE
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TH. What is the characteristic equation of a T-Nip Nop? [Madel Question]
Answer:

O, =70'+TQ

Where O, = final O/ P

{).= outpur at * cloack:

T4, The initial state of @ MOD-16 down counter is 0110, Afier 37 clock pulses, what
will be state of the counter? [Model Question]

Answer

As it is a MOD-16 counier the output repeats afier 16 cloek.So the outpur after 37 clock

pulse is same as { 37-2x 16)=5 clock

As 1115 down counter 5o the output s 0001,

80. A 4-hit binary ripple enunter uses flip-flops with propagation delay time of 25

ns. What will be the maximum possible time required for change of state?
[Model Question]

Answer:
As the counter |5 of 4-bit 50 tofal number of F/F is 4, so maximum possible delay is

(4x25) = 100n sec,

81. What is an asynchronous sequential circuit. [Model Question]
Answer:

An asynchronous sequential circuit is thar circuit whose OV/P is & function of present
inputs and past outputs and each block does not associated with a single clock. The

funciional blocks do not operate at the same time.

82. What is the purpose of latch? " [Model Question]
Answer: b
The purpose of the laich is to keep the output ai the same level after the removal of the

input fram the input terminal. The output of the latch changes anly when a new input
arrives on the input terminal.

83. What 15 race around condition? [Maodel Questian]
Answer:

When we put J=1 and K=1 in a level triggered J-K flip flop. and the clock is high the
output, O toggles to 0 and | continuously; and it becomes uncertain 1o predict the output,
This condition is known as Race around condition.

84, Write down the name of two applications of Mip-Mop? [Madel Guestion]

Answer:
i} Flip-flops are used in counters.
i) Flip-flops are used in shift-registers.
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BS. Whal is decade counier? [Model Question]
Answer:

A decode counter |5 a counter that has 10 states

86. Which type of multivibrator can be used as flip-flop? [Model Question]
Answer;

Bistable Multivibeator

87. How many flip-flops are required to construct 8 MOD-32 asynchronous
counter? ) [Model Question]

Answer:

5 flip-flops are required to construct a MOD-32 asynchranous counter.

88. How many Mip-Nops are required to implement a Mod 126 counter?
[Modei Question]

Answer:
7 flip-flops are required to implement a Mod 126 counter.

( Long Answer Type Questions )

S 1. (a) State Demorgans's theorem.
(b) Draw the NOR gate & write down its truth table. [WBSCTE 2022

Answer:
a) De Morgan has suggested two theorems which are extremely useful in Boolean

Adgebri. The two theerems are discussed below.

Theorem |

The left hand side (LHS) of this théorem represents a NAND gate with inputs A and B,
whereas the right hand side (RHS) of the theorem represents an OR gate with inverted
inputs,

Thearem 2

The LHS of this theorem represents a NOR gate with inputs A and B, whereas the RHS
represents an AND gate with inverted inpus.

b) The NOR gate, which is composed of two or more inputs and o single output, also has
a universal property. The term NOR is formed by the concatenation NOT-OR and implies
an OR function with an inverted output,

Symbol of NOR gate Truth table:
hF?ﬂ . A B A+B
) L 0 0 |
e
4 0 I 0
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Logic Equation: Y=A+B I 0 0
I 1 0
= 2. Define Flip-flop. (WBSCTE 2022)
Answer:

Flip-flop is made up of logic gates and it permits information to be stored in it Figure
shows a general type of symbol used for a flip-flep.

Black diagram
e i} f—a Moemal outpul
T Aens
n_:. 2 2 invened output
Explanation Fiip Flop svmbol
Quitput Siates

Q=1,0=0 It is called High or | state also called Set state.
O=0,0=1:Itis called Low or 0 state also called CLEAR or Reset state.

= 3. (a) Draw the logic diagram of an Ex-OR gate and discuss its operation,

(b) Prove that:

ABC+ ABC + ABC + ABC=C [Model Question]
Answer: )
1) The exclusive-OR or XOR gate has two or more inputs, In general, an XOR gate gives

an output value of | when there are an odd number of 1% on the inputs (o the gate,
¥ o

Symbol of the XOR Gate Truth Table:
A A BY | A@B
! arn 0| = 0
3 0 i I
[ ] |
Logic Equation: I ] 0
Y=A®B=AB+AR -

b) ABC + ABE 4+ ABC + ABC + (LHS.)
=AC(B+B)+ AC(B+ 1)
= AC 1+ ACH [+ 4+d=1, B+F=1]
-,'iz.f{5+3}=C=RLH.S.
ARC + ABC + ABC + ABC = |Proved|

POLY-IFE
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= 4. Prove the following:
(i) A+AB+AB=A+B
(i) (A + BN A+C)y=AC+AB
Answer:
(DLHS : (4+ A) A+ B)+ A8 [By distributive law]
= (A+B)+AB. Since A + A =1
= A+ B+ AR
= A+ AB+B
= A+ B)+ B[ 1+B=1]
= A+B=RIS

(i) LHS : AA+ AB+AC+BC
AB+ AC + BC [+ A4 =0]
AB+ AC + BC(A + A)
AB+ ABC+ AC + ABC
AB+ ABC + AC + ABC
ABN+C)+ AC(B+1)
AB+ AC = RHS

= 5 Realize the Boolean expression using basic gates.
Y=C{AB+ AR+ C)

Answer:
Y =C(AB+AB+C)
A c

p—.-l
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[Model Question]

[Mode! Question]
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= 6. Given the logic equation F= ABC + BCD+ ABC . Make a truth table for the
same. [Modal Question]
Answer:
"= ABC +BCD + ABC
Put the value of A.B.C from the truth table and get the output F

A _|B |C D |F
1] ] 0 0 i]
0 o L I 0
Q 1] I 0 D
0 o 1 I 1]
0 1 L 0 0
Q | L] 1 1
0 TR 0 1
1] | | 1 ]
I 0 L] /] 0
I 0 0 1 0
! 0 1 0 1
! 0 1 1 0
1 1 i 0 0
I 1 0 | I
i 1 | [ |
I | 1 I 1
= 7. Prove the following : [Model Question)
(i) (4B + C + D)C + D)C + D+ E)= ABC + D

Answer: .

(AB+C + D)C + DYC + D+ E)

=(ABC +CC +CD+ ABD+CD+ DYC + D+ E)
[-c€ -0& 48D+ o+ D= D]

=(ABT +TD+D)T + D+ E)

={ABC + D(C +1(E + D+ F)

=(4ABC + DYXC « D+ E)

= ABC + €D+ ABCD+ D+ ABCE + ED

= ABC(1+ D+ E)+ XC 11+ E)

=ABC +D [ 14D+ Ev1C+Ev1=1]

=RHS
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(ii) ABC + ABC + ABC + ABC = AB+ BC +CA
Answer:
ABC + ABC + ABC + ABC
= ABC + ABC + ABC + ABC + ABC + ABC

[+ ABC + ABC + ABC = ABC]
= ABC + ABC + ABC + ABC + ABC + 4BC
=AB(C+C)+BO(A+ A)+ AC(B+B) [.C+C =LA+ A= 1&
=AB+BC+CA=RHS. [8+F=1]

=~ 5 (a) Make a Karnaugh map of the function F(A, B, C, D= 2.mi5s, é. 9,15 13,
15) + (7, 12) and

{b) Explain the applications of parity bil. [Mode! Question]
Answer:
4) =
A\B\ 00 01 11 10
il 1 3 2
o 0 0
m El 5 7 B
i
P 313 14
L1 P i i
. i 10
¥Y=4C 4+ AD 4+ BD o 1 ! 1
=A(C+D)+8D

b) A parity bit, or check bit, is a bit added to a string of binary code that indicates
whether the number of |-bits in the string is even or odd. Parity bits are used as
the simplest form of error detecting code. There are two variants of parity bits:
even parity bit and odd parity bit.

= 9 Implement the following function by NAND gates only. [Model Question]
Y=ABC+ ABC + 4
Answer:
We knot that I_i=:+T— N+Y
So, Y=dABC+ABC+4
=ABC + ABC + 4

= ABC - ABC - A

POLY-FE
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A B

ERE

= 10, Show that a positive logic NAND operator is equivalent to a negative logic
NOR operation and vice versa. [Madel Questian)

Answer:

In the positive logic low voltage signal is represented by 0 & high voliage sipnal is

represented by | but in nepative logic high voliape sipnal is represented by 0 & low

voltage signal is represented by 1.

The truth tanle of positve logic NAND gate is: The truth table of negative logic NOR

gate is:

= — NOR
A | B| ¥y = AB 4| B[r=—ro
00 1 WE 5
0|1 1 Lol
1|0 ! &l :
1|1 0 50 i

So it can be seen that the both truth table are same, so positive logic NAND
operator is equivalenf1o a negative logic NOR operator.

= 11. Canstruct the OR gate equivalent circuit using NAND gales.

[Model Question)
Answer:
Implementing OR Using only NAND Gates
An OR pate can be replaced by NAND gates as shown in the figure (The OR gate is
replaced by a NAND pate with all its inputs complemented by NAND gate inverters),

POLY-FE
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s

e 12. Implement the following function by NAND gate: [Mode! Question]
F=ABC+ AB{C + 4) g
Answer:
Y= ABC + AB(C + A)
= ABC + ABC + AR ;
= ABC + AR(C +1)
= ABC + AB

We know that, X.F = E-ﬁ-?: X+F
Lising this we can say that -

M B C

E

< 13, Draw the logic circuit of SR flip flap using NAND gates and explain
warking, [Model Cuestion]

Answer:

The NAND Gate SR Flip-Flop

The simplest waty to make any basic single bit set-reset SR flip-flop is to connect together

a pair of cross-coupled 2-input NAND gates as shown, 1o form 4 Set-Reset Bistable also

known as an active LOW SR NAND Gate Lawch, so that there is feedback from each
POLV-FE
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eutput 10 vne ol the other NAND gate inputs. This device consists of fwo inputs, one
called the Ser, S and the other called the Reser, R with two comresponding outputs Q and
its inverse or complement Q (not-Q) as shown below.

The Basic SR Flip-flop
1
50— — 0 5
SR
Flap-Tiog
R o— —a U
4]
Symhol
The KSét Stare

Congider the circuit shown above. If the input Ris at logic level "0" (R = 0 and
input 3 is at logic level "1" (S = 1), the NAND pate } has at |east one of its inputs at logic
"0" therefore, its outpurQ must be at a logic level "1™ (NAND Gate principles).
Clutput () isalso [ed back o input "A" and so both inputs to NAND gate X are at logic
level "1", and therefore its outpul Q) must be at logic level "0". Again NAND gate
principals. If the reset input R changes state, and goes HIGH 1o logic "1"
with S remaming HIGH also at logic level 1", NAND gate Vinputs are now R = "|"
and B="0". Since one of its inputs 15 sull at Jogic level "07 the output at Q still remains
HIGH at logic level "1" and there is no change of state. Therefore, the flip-flop circuit is
said to be "Latched” or "Set” with Q = "1" and Q ="0".

Reset State

Ih this second stable state, Q is at [ogie level "0, (not © = "0") its inverse output at Q is
at logic level "1",(Q ="1"}),.and 15 given by R ="1" and § = "0". As gate X has one of ils
inputs at logic "0" its output Q must equal fogic level "1" (apain NAND pate principles).
Output Q is fed back o input "B", so both inputs toNAND gate Vare ai logic "1",
therefore, Q= "0", If the set input, S now changes stale to logle 1" with
input R remaining at logic "1, output Q) still remains LOW at logic level "0" and there is
no change of state. Therefore, the flip-Aop circuits "Reset” state has also been latched and
we can define this "set/reset” action in the following truth table,

Truth Table for this Sei-Reset Furction

Suate 3 R Q 1] i.‘iuclripl.ilm
B ] — ———
TR e e L
P e T

MLY-FE
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< 14. What is a D-Mlip-Mop? Draw its circuit diagram and explain its operation.
Explain how a S- flip flop can be converted to D-fip Hop. [Modal Questian]

Answer:

Bayic Idea
D Flip-Flop is a Mlip-flop with 2 delay (D) equal to exactly one eycle of the clock. In D

flip-flop input to R is throwgh an inverter from S, so that input 1o R is always the
complement of 5 and never same.

Lagic diagram =
? q
cp
Q
Lo dagram using NAND gates
(4] -
5 — 1 u
CLK ————ag
R
[ flip-flap from the 5.8 Aip-flop
Truth Table
Input Outpmt | Comments
0 I RESET
I 1 SET

As shown in the figure, § and R are the actual inputs of the flip flop and D is the external
input of the flip flop. The four combinations, the logic diagram, conversion table, and the
kK-map for 5 and B in terms of D and Qp are shown below.

Conversion Table
[ Inpat Qutpits S-R [nputs

Q. o | S
0 0 0 b %
0 | 0 0 [
| 0 I I 0
| 1 I x |

POLY-FE
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K-mup- Logic Diagram

D 0 ! \&n | T 5 G l—
0 0 |

0’| o'| | e
[ 3 3

e RIS NS —* s}

2l

= 15, Explain with disgram the wo rking of 2 input TTL NAND gate.

Asiwars [Model Question]

The circuit diagram of 2-input NAND gate open-collector TTL gate is as shown:

"] .
1Im

T External pull up
resistance force

Working:

Case 1: When A=0E=0

“.I'-he[l!. both inputs A and B are |ow, both functions of Q1 are forward biased and Q2
remains off. S50 no current flows through R4 and Q3 js also off and its collector voltage is
equal to Vo e Y =1 -

Casel: When A=0,B=1 and

Case 3: When A=, B=0
When one input is high and. other is low, then one junction is forward biased so Q32 is off
and Q3 is also off. So colleetor voltage is equal to V, e ¥ = |

Case d: When A= |, B=1
When bath inputs are high, Q1 is twmed off and Q2 wrned "ON’ Q3 goes into saturation

and hence Y = {} The open-collector output has main advantage that wired AND is
possible in it '

2 16. (a) What is meant by edge triggering? Show how the race around condition
is eliminated in master-slave flip-flop?
(h) What is ring counter? [Model Question]

FOLE-FE
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Answer:

1) Edge Triggering: In edge triggering the circuit becomes dctlive at negative or positive
edge of the clock signal. For example if the circuit is positive edge triggered, it will take
input at exactly the time in which the clock signal goes from low to high. Similarly input
is taken at exactly the ime in which the clock signal goes from high to low in negative
edge triggering. But keep in mind after the input; it can be processed in all the time till
the next input is taken.

Race-around condition: The truth table below of the JK flip-flop presupposes that the

inputs do not alter during a clock pulse (CP = 1). -
However, because of the feedback connection of the

outputs to the inputs, the inputs may change during a -

clock pulse. Consider, for example, that the inputs -

areJ =1, K =1 and ¥ = 0, when a clock pulse, as v g

shown in Figure below, is applied simultaneously. Fig::A:clook pulsa {t,> Af)

After a time M{< .'"]. the output will change to Y = 0, when a At equals the propagation
delay through the two NAND gates in series (see row seven of Tahle below). Thus we
obtain J =1, K = |, and ¥ = 1. Considering row eight of Table below, we find that the
outpul ¥ changes back to 0 afier another interval of time Ar. Clearly the output will
oscillate back and forth between 0 and | when t, 5> At. Therefore, at the end of the

clock pulse, the output ¥ remains uncertain. This phenomenon is called a race-around
condition.

The race-around condition does not occur if ¢, <A <7. This inequality is difficult
achieve with IC components which offer propagation delays much less thant,. A
praetical solution of the problem is offered by the master-slave configuration, described
below,

Tahle: Detailed truth table of JK flip-flop

- 3 —= Last
S K. ¥ Y. S, R, Pl g
0 0 0 I 0 0 Y. ¥,
0 il | 0 (] 0 Y.
1 0 0 | | 0 1 1
1 0 1 0 0 0 A
i 1 0 | 0 0 ¥ 0
0 1 1 0 0 | (]
1 I i 1 i 0 | ¥,
1 1 i i [\ 1 0
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Master-slave Jh flip-flop:

The master-stave JK flip-flop, shown in Figure below. is a caseade of two RS {lip-flops
where the output of the second, called the slave, is feedback to the first, called the master,
Positive elock pulses are applied directly 1o the master and the same after inversion are

applied to the slave. The master is cnables when /) =1.C, =land CP=1. Then its
operation follows Table 1 .

Table I: Reduced truth table of JK flip-flop

57 K, Va1
0 0 Y,
I 1] I
Q 1 ]
| 1 ]7'

Also, since CP =0, the slave is inhibited and so cannot change swte. Thus ¥, remains
invariant during the time ,. Consequently, the race-around condition does not oceur.

When CP =0, the master is inhibited and the slave is enabled since CP=1. The slave
being an RS flipflop. then operates in accordance with Table 2. When
§=F, =land R=V.=0.then ¥ =] and ¥=0. similarly. when
S=Y =0and R=F. =l then ¥ =0 and ¥ =1. That is, the value of I is transmitted 10
the output ¥ in the time interval between the clock pulses.

Table 2; Truth table for clocked RS flip-flop

R., s‘_q Yn- l

o 0 Y,

0 1 1
1 @ - 0

1 i unpredictable

1
e e VL 1 [ ———— S
A

R S Ip—

[ = —————

Fig: A JK master-slave ip-flop

3 e ...-_.|._--_--J

™%
[
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b) A ring counter is o type of counter composed of 4 type of circular shilt regisier. The
putput of the last shift register is fed to the input of the first register. The hamming
distance of an Over beck counter is 2 the hamming distance of a Johnson counter is 1,

= 17, What is a modulus counter? Draw the logic diagram af a 4 bit binary ripple
counter that trigger on the positive-edge transition and also draw its waveform.

[Model Quastion]

Answer:

a) 1" pari:

The number of states throupgh which the counter passes before returning to the staning

ctate is called the modulus of the counter. Hence the modulus of a counter is equal 1o the

total number of distinct states (counts) including zero that o counler can restore. In other

words, the number of input pulses the causes the counter 1o reset to its imitial count is

called the modulus of the counter.

2™ part:

A 4 bit binary ripple counter can count up to 3 maximurn of 2 states i.e. 16 siates, that is
why it is also known by other names like four stage or modulo-16 (Mod-16) or divide by
16 ripple counter. It uses four, negative edge triggered type J-K flip-flops. Initially all the
four Mip-flops A, B, € and [ are in logic 0" state. That is Q output of A, B, C and D flip-
flops are all in logic ‘0" state as shown in Fig (),

L .5 & 5 o
—1/ GQ ! Q J Q 1 Q -k
Clock " -
B elk _._'q cli E ek 1L-._ eik E
—E {_’ K & B & L% 2
Tgh loglz
17 level

Fig: () 4-Bit (Moed-16) binary Apple counter

g=0,0:0,0,=0001

Mow when second clock pulse is applied 1o flip-flop A, output Q, changes state from *1
1o ‘0", Due w this change of state of Q going from ‘17 to 0", a negaive going pulss 13
ecreated at (5, which is connected to clock input 1o flip-flop B. Thus this negative going
pulse triggers the fip-Nop B, changing the state of @ from its previous ar eriginal ste
‘0" 1o *1%. AL this instant the ouputs Q¢ and Qp of Mlip Nops C and D respectively
conlinue to remain in their logic *0° state, and thus the counter reads.

O=0,0.0,0,- pol1o

The counter will continue to count the input clock pulses in the binary form as explained
above up to state 1l @,,0..0, and @, all become high i.e. logic level *1°, and counter

will rend (= ), 00,0, = 1111, which in decimal form means that it will ¢ount upto 15
POLY-FE
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clock pulses. On arrival of the 16™ clock pulse, all the four flip-Aops A, B, C and D will
go to 0" and the counter will once again repeat its counting from 0000 to 1111 Le. from 0
to 15. thus in this ripple counter, it is seen that output of the first flip-flop is driving the

clock of the second flip-flop and output of the second flip-flop drives the clock of the
flip-flop and so on.

Fig: (b) Modulo-16 (mod-16) ripple counters timing diagram

< 18. What is ripple counter” Draw a 3 bit ripple counter its waveforms. What is
ring counter? [Model Questlon)

Answer!

A ripple counter is a coumer where all the flip flops are not driven by the same clock
pulse. Here the clock pulse is applied to the first flip flop. And the successive flip flop is
triggered by the output of the previous flip flop. So by this property it is very much clear
that ripple counter has cumulative semrling time, which limits its speed of operation. As
the first stage of the counter changes its state first with the application of the clock pulse
to the flip flop and the successive flip flaps change their states in turn causing a ripple
through effect of the clock pluses. As the signal propagates through the counter in a
ripple fashion, it is called a ripple counter. In bellow you will find the block diagram of
J=bit ripple counter.

PQLY-FE
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_V“ ! =
ToQ L T Q L T 0
CLK I P P
af af aF
L4} O e
Clutputs

By 3-bit ripple counter we can count 0-7, Because we know by 3 bit we can represents

minimum 0 (000) and maximum 7 (111). The clock inputs of the three flip flops are
connected in cascade. The T input of each flip flop is connected to a constant 1, which
means that the state of the flip flop will taggle at each negative edge of its clock. Thus the
clock input of the first flip flop is connected 1o the Clock line. The other two flip flops
have their clock inputs driven by the Q output of the preceding fip flop. Therefore, they
toggle their siate whenever the preceding flip flop changes its state from Q=110 Q = 0,
which results in a negative edge of the @ signal. S0 s we take the output from QO0, Q1,
22 then we get the count sequence with different counter state as mention below on table,

Counter State | Q2 Ql Q0

0 0 0 0

1 0 0 1

2 0 1 0

E 0 I 1

i I 0 0

5 I 0 1

f I 1 0

7 | I 1
Clek | | a ) 4 s 6 7 i
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A ning counter is a Shifl Register (a cascade connection of flip-flops) with the output of
the last flip flop connected to the mput of the first. It is initialized such that only one of
the flip Nop ouiput is | while the remainder is 0. The 1st bit is circulated so the sinte
repeats every n clock eycles if n Mlip-flops ane used. The "MOD" or "MODULUS" of a
caunter is the number of unique states. The MOD of the n flip flop ring counter is n.

< 19, Distinguish between latch and flip-fop. Construct a basic lateh circuit and
explain its operation with truth table. [Model Question]

Apswer:

Bath flip-flop and latch are bi-stable and are used to store binary data but in Aip-flop state

change only occurs on a clock edge or pulse whereas in latch, change state seeurs without

being clocked - So it can be congluded that Flip Flops are clocked but laches are not.

S-R latch 15 the most basic form of a memory element that is used for storing {also known

as latching) af a single bit. S-R latch has twe inputs SET(S), RESET(R] and two cutputs

@, ¢ which are complements each other. 1t can easily be synthesized by using two 2-

input NOR gates,

B g
o—i & @ e
CEES 0 o
Black dagrm x|

Lemie dingam

In SR latch, S and R stand for ser and reser, It can be constructed from a pair of cross-
coupled NOR logic gates. The stored bit 15 present on the output marked Q.

While the S and R inputs are both low, feedback maintains the gy Qoutputs in a
constant state, with @ the complement of g If § (Sed) is pulsed high while R {Rexes) is
held low, then the @ output is forced high, and siays high when S returns to low;
similarly, if R is pulsed high while S is held low, then the () output is forced low, and
stays low when R returns to low.

SR Flip Flap operation

Characteristic table |Excitation table]
S| R| Qe | Action Q[ Quu |5 R
9[0]0 [boldstate |0 [0 |0 |x
o[r[0 [Reset 0 [l 1|0
g ettt
11X lnnla”;wcdl I X |0

PO T -FE
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The R = § = | combination is called a restricted combination or a forbidden state
because, as both NOR gates then outpul zeros, it breaks the logical equation ) = not Q)

The combination is also inappropriate in circuits where Aoth inputs may go low
simultaneousiy (i.e. a tansition from restricted to keep) The output would lock at either
I or 0 depending on the propagation time relations between the gates (a race condition),
In certain implementations, it could also lead to Jonger ringings {damped osallations)
before the output settles, and thereby result in undetermined values (errors) in high-
frequency digital circuits. Although this condition is usually avoided, it can be useful m
some applications.

To overcome the restrictéd combination, one cun add gates to the inputs that would
convert (S,R) = (1,1) 1 one of the non-restricted combinations. That can be:
« Q=1(1,0)—referred to as an S-larch
o Q=040,1) —referred to as an K-luich
s Keep state {0,0) - referred to as an E-laich

Alternatively, the restricted combination can be made to Jaggle the output. The result is
the JK latch.
Characteristic; (+ =RQ + RS or Q@+ =R'Q + 5,

2 20. What is race around in J-K flip-flop? How can it be avoided?
Model Question]

Answer:

Raee-Around Condition [n J-K Flip Flop

Practically, we don't get toggling. Since. clock pulse is more than the propagation delay,

so within one clock pulse the ouput will keep on toggling again and again and it may

become indeterminate. This is known as race around condition. Race Around condition

oceurs because of the feedback connection,

LK F'"|-—I|!“-“*L
| o ||

There are three ways to avoid Race-Around Conditon:

LIfT,.<T,y

ie clock pulse is less than the propagation delay. Practically Tpd is of the order of
nanoseconds or picoseconds and therefore, it is only a theoretical possibility 1o get clock
pulse lower than propugation delay.
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2. Another way is by using Edge Trigpering

In edge tnggering output is affected only at the time of presence of edge i.e. only during
the rising or falling edge of a clock pulse. When the input clock pulse makes a +ve going
fransition (or a —ve going transition), the value of input is transferred to output i.e. Q.
Changes in input when clock is maintained at a steady 1 value do not affect Q. Moreover,
& —ve pulse transition does not affect the output and nor does when clock pulse is 0.
Hence the edge triggered flip fiop eliminates any feedback problem in sequential circuit,
The race around condition can be eliminated by using master slave JK flipflop.

< 2L. (a) What are the advantages and disadvantages of synchronous and
asynchronous counters?
{b) How 2 D-flip-fiop can be wsed to design a 3-bit binary asynchronous
counter? [Model Question]

Answer:

a)

Overview of Digital Electronics FE.155

HIGH
Sl SR aTe) 1t gl i,
CLK 3
; it { =
KL EoLpe LR
FFO FFI FFl

|
CLK"_ILIL_JLJLJU]_I]—IL

2
[ -

L =]
b
(7]
=
wa
9
=i
Lal

Synchronows Connter

Asynchronous Counter

(i) With increase in number of states, the logic
circuit becomes complicated.

(1} Logic circuit is simple.

(ii} There is no connection betwesn oulpul of
preceding FF and CLK of next one.

{11) Output of the preceding FF is connected
1o clock of the next FF.

(i} Al FF  receive clock  signal
simultanecusiy,

{iil) All FFs are not clocked simultanecusly,

{iv} Propagation delay (P.D) = {n}e = (L) g
It is much shorer than that of esynchronous
counter. '

{iv) P.D =n = 1y where n = number of FFs
and ¢, is p.d per FF.

(v) Maximum frequency of operatipn is high
due to shorier propagation deiay,

{v) Low because of the long propagation
delay.

b) The following is & three-bit asynchronous binary counter and its timing diagram for
one cycle, It works sxactly the same way as a two-bil asynchronous binary counter
mentioned dbove, except it has eight states due to the third flip-flop.

POLY-FE

2 2 Design a modulo-6 synchronous counter. [Model Question]
Answer:
A MOD — 6 counter will go through the following states
B -8 35 3% —5&
g |
The flip flops will be required. The truth table and the flip flop inpuis are shown in table
below:
Present State Next State Flip-flop Inputs
Q Q Qg Qy Qy Oy T LI Ta
o a Ta® Too T % & o |1
: i 0 ] 1] l 0 0 1 1
0 1 0 0 1 1 1] 0 |
0 1 | 1 0 0 1 1 1
| 0 0 1 i) 1 0 0 1
w [ [0 JT To o [0 (1 (o [
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The K-maps for the Qip flop inputs are:

K—map for T;: K —map for Ty K —map for T

QTQ"{I QI[}IT !

00 0 u o 2

Qgn 00 01 11 10 Q) QN 00 01 11 10
o | o] N—3 2 O ucsz T
0 |a jj1]|o 0 I] { okt (T [T 1)
Pl fd—st—1 6 Y| 4 5 7 & 4 5| 7| 6
Lo 1u x 0 10 J= lx | 1 Lo |uv ls fsl
T: =Q:Qu+ Qi Qs Ty = 3,Q0 To =1
The circuit of MOD —6 counter is as shown.
£ 7 o
ﬁ:_l
T o
a
]
Ts #7
5 [
& 13. Design a 3-bit up-down synchronous counter, [Mode| Question]

Answer:

3-bit binary Up/Down Counters:

The similaritics between the implementation of a binary up counter and a hinary down
counter leads to the possibility of a hinary up/down counter. which is & binary up counter
and a binary down counter combined into one. Since the difference is only in which

PrLY-FE
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output of the flip-flop to use, the normal output or the inverted one, we use two AND
gates for cach Nip-flop to "chonse” which of the output to use.

Countug
-

= 24. Design a Mod-10 ripple counter. , [Model Guestion]
Answer:

The first step is 10 determine how many {lip-flops 1o use. ( This could be on & single IC,
but we will use JK flip-flops.)

Will 3 Nip-Mlops do it?
27 =% states, not quite there
2' =15 states, more than enough states

The trick is to find a way not to use all of those states. There must be a way 10 “force™ the
counler to stop counting ol % and nill over w 0

Locking at a truth table, the counter should run from 00003 to 10014
N i

e O — I — I = — B —

e D D DD e = = -T2 2T
S - — D DO - -0 n
OO =S — D — =5 =On
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| 1 0 1

| I [

I 1 1 1
Since the counter has 1o display 1001, the next number (1010:) will be used to reset the
counter o zero. Since the asynchronous inputs are active high, an AND gate will be used.
The two flip-fleps where a ° 1™ occurs will be tied 10 an AND gate, and the output will be
tied to the “clear” input.

Msi AT L

@) Q =0
i
Presel
L
Ve = e il 7 e
$; o I qv—] Tl [ qv—l
|5 = = ’
O [ o e K Qv
Clear
| | i).m
Clear

< 25. (a) What is Modulus Counter?
{(b) Draw the logic diagram of a binary ripple counter and draw its waveform,
(¢} What factors determine whether 2 Counter operates as a Count-up or
Count-down Counter? [Model Question]
Answer:
a) A counter which goes through all the possible states before restanting is called the full
modulus eounter, A counter in which the maximum number of states can b changed is
called the variable modulus counter.

b) Fig. below shows & 4-bit binary ripple counier. As shown, a binary ripple counter is
constructed using clocked JK flip-flops. The system clock, a square wave, drive flip-flop
A. The output of A drives flip-flop B, the output of B drives flip-flop C, and the output
of C drives flip-flop D. The overall propagation delay time of the counter is the sum of

FOLT-FE
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the individual delays of flip-flops. All the J and K Inputs are connected 1o ¥, - (1), which
means that each {lip-flop woggles on the negative edge of its clock input

e
Ia VB Iy s ke Oy H L4
> A " C 3]
- CUM L ) > ) D> ) >
Ko 0 [ Qs L ¢ e Ko Qo
an E?n ac Gn
Crstpuin
(2} Logee dingram

Clock

+

2

B B S
ot s mafe -
R et

L EEEE B

Consider initially all Aip-flops 10 be in the logical 0 state (i.c. Q,=0,=0.-=0,=0).
A negative transition (I to 0) in clock input which drives Rip-flop A causes o w
change from logical 0 to logical 1. Flip-flop B does not change its state since it also
r_cquircs negative transition at its ¢lock input, i.¢. it requires its clock input ((J,) to
change from logical | to logical 0. With the arrival of the second clock pulse to flip-Mop
A, 2, poes form 110 0. This change of state creates the negative going edge needed w
trigger Mlip-Nlop B, and thus (3, poes from 0 1o |, Bét‘um the arival of the sixieenth
clock pulse, all the flip-Nlops are in the logical | state. Clock pulse 16 causes O,,0,.0
o 4, 10 go o logical O state in turn,
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Table 1 shows the sequence of binary states that the Mip-flops will follows as clock
pulses are applied continuously. An n-bit binary counter repeats the counting sequence

for every 2" (s =number of flip-flops) clock pulses and has diserete sutes from 9 10 ENG INEERING
=1
’ - MECHANICS

Seate | Oy .:'l On Q.
|0 0 0 0 0
1 0 0 ] I
2 0 0 [ f
Tabie 1 3 | o 0 | i
4 ] [ f i
5 0 | 0 1
6 o l 1 ] =
7 o [ 1 1
E 1 0 0 0
] [ 0 0 1
10 | a I ]
| n | 0 | !
12 1 | 0 0
| 13 1 1 0 L,
14 | R 0
- AL | il
[ 1 0 8 [
¢) Counters can Operae in two modes: count-up or €ount-down. In the count-up made,
the counter starts at ) (or amy other value), and then the count value is incremented by 1
whenever a new pulse has arrived. In the count-down mode, ene the other hand, the NOTE
counter is loaded with & starting’value, and this value gets decremented with the amival of = — :
each new pulse, Due to the finite size of counters (i.e. maximum number of counts for We have designed the complete ENGINEERING MECHANICS course material in I
that counter. Similarly, 2 count-down counter will overflow when the count goes below accordance with new and changed syllabus under WBSCTE. Previously the
0. When a counter overflows, the counter is reloaded with the starting value, and the subject was in. 2" semester. Hence we are providing relevant university
counting process repeats. solutions and some model questions & answers along with new university
paper, so that students can get an idea about WBSCTE questions pattern.
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Table | shows the sequence of hinary states that the flip-flops will follows as clock
pulses arc applied continuously. An n-bit binary counter repeats the counting sequence

for every 2" (m=number of flip-flops) clock pulses and has discrele states from 9 10

=
21

| State | €}y Q¢ Ouw 1
o 8 6 @8 0D
I ¢ 0 0 |
Table 1 < I A S
3 0 d i |
f 0 I8 o
| & [¥] ] i 1
le o I I
|7 0 | 1
8 I I
| ] 1 ] [/] |
[ |1 0 1 0
T 0 | 1
| 12 | 1 0 i
13 | 1 il 1
|1 I .1 o
Ligi= 4l I 1 |
I R B Ty T o

¢) Counters can operate in two modes: count-up or count-down, In the count-up mode,
the counter starts at 0 (or any other value}, and then the count value is incremented by |
whenever a new pulse has arrived. In the count-down mode, one the other hand, the
counter is loaded with a starting value! and this value gets decremented with the arrival of
each new pulse. Due 1o the finite size of counters (i.e. maximum number of counts for
that counter.  Similarly, a count-down counter will overflow when the count goes below
0. When a counter overflows, the counter s reloaded with the starting value, and the
counting process repeats.

P -FE
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NOTE:

We have designed the complete ENGINEERING MECHANICS course material in

accordance with new and changed syllabus under WBSCTE. Previously the
subject was in 2™ semester. Hence we are providing relevant university
solutions, and some model questions & answers along with new university
paper, so that students can get an idea about WBSCTE questions pattern.
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Unit 1: Basics of Mechanics and Force System

Unit at a glance:
1.1 Fundamentals and Force

1. Terminology

» Particle: It is defined as an object whose mass is concentrated al a point. This
assumption is made when the size of a body is negligible and is irrelevant to the
description of motion of the body.

* Rigid hedy: A body in which the particles do not change their relative positions
under the action of any external force is called as rigid body. No body is perfectly
rigid.

s Srarics: It is the branch of applicd mechanics, which deals with bodies at rest.

s  Dynamics: It is the branch of applied mechanics, which deals with bodies in motion.

=  Kinematics: It is the branch of dynamics which swudies motion without considering
mass of the body and force causing motion.

* Kinetics: It is the branch of dynamics, which deals with bodies in motion considering
mass and force causing motion.

2. Vector Quantity
A veclor quantity is 2 quantity that has both magnitude and direction. Velocity,
acceleration, and force are examples of vector quantitics.

3. | .
A scalar gunntity 15 a quantity that has magnitude, but no direction. Time, mass, volame,
and speed are examples of scalar quantities.
Definition
A Vector quantity is defined as a quantity. which satisfies &
(i) The gualification of possessing a certain magnitude, including a

null value. V/.:H,:r Vi W
(ii) Having a cerain orientation in space, called its direetion and quaniity
{iii} A sense, which qualifies its nature of action (moving toward or

away [rom a given point ),

4. Vector Notations
. = A
AB, AB, AB A ete,
Magnitude of a vector represented by |AB| or IM—'iI

POLY-NMe
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rlj‘he sum of twa veclors, A and B, is a vector C, which is J,,«—-*f}
ohtained by placing the initial point of B on the final point

of A, and then drawing a line from the initial point of A to I

the final point of B, as illustrated in Panel 4. This is

sometimes referred to as the "Tip-to-Tail” methed. )
The aperation of vector addition as described here can be written as C=A+B

6. .Vector Subtraction —2
The difference of two veciors, A — B, isa vector Cthat is, C=A-B - .
or C = A + (-B).Thus vector subtraction can be represented as a vector 4@
addition. q ¢ A
7. Dimensional Homogeneity N X

The qualitative description of physical variable is known as dimension while the
quantiiative description is known as unit. We come across sqvtrai relations among the
physical quantities. Some of the terms may be having dimensions and some others may
be dimensionless o
However in any equation dimensions of the terms on both sides must be the same. Tl-us is
called dimensional homogeneity. The branch of mathematics dealing with dimensions of
quantities is called dimensional analysis. =
There are two systems of dimensional analysis viz. absolute sysiem and gravitational
Fsfem.

8. Force

Faree is a phwsical quantity, which changes or tends to change the state of rest or uniform
motion of a bady. Force is a vector quantity.
The unit of force |5 Newtan (N) in 81 system.

9. System of F
A group of forces or a set of forces acting together on a body is form a system of forces,

The characteristics of different force systems are explained in Table.

POLT-Me
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Tuble 1.1: Characteristics and Representation of Force systems

Force S»stem

Represeniation

Churacteristics

1. Coplanar Forces

]

7

b

. (Non-Coplanar Forces

| Lines of action of forces are not lying on|

Lines of actien of all forces lie on a
single plane

a single plang

3. [Concurrent Forces

Lines of action of all forces pass through
a single point

4 |MNon-Concurrent Forces

Lines of action of all forces da not pass
thredgh a single poimt

L

Caollinear Forces

Lanes of action of all foroes pass through
a single line.

a) Like Collinear Force

Lines of action of all forces pass through
a single line in the same dircction

b) Unlike Collinear Force

Lines of action of all forces pass through
a single line in different directions

6. |Parallel Forces

Lines of action ol all forces are parallel
1o each ather

1) Like Parallel Forces

Lines of action of all forces are parallel
to each ather in the same direction

b} Unlike Paraflel Forces

Lines of action of all forces are parallel
1o each other in differemt directions

7. | Mon-Parallel Forces

Lines of action of all forces are not
parallel 1o each other

10. Few terminologies

+  Active force = applied externally
« Reactive force = counter balanicing foree generated by the medium or supports on
which action is taking place

POLY-My
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« Free body diagram = The body isolated from the surroundings, all constraints and
supponts are replaced by their reactions and all active forces and moments are shown
o Eguivadent sysiem = The effect of the two systems on the rigid body is identical,

1.2 Resolution of forces
1. Definition

Breaking down a single vecior into 2 or more vectors is known as the resolution of
orces.

The process of splitting the force into components is called the resolution of a force
whercas the process of finding the resultant of any number of forces is called the
composition of forces. The resalution of forces helps in determining the resultant of a
number of forces acting on a body as it reduces vector addition to algebraic addition.

A force making an angle 8 with respect to % axis as shown in Figure ¢an be resolved into

two components F, and F, acting along x and y axes respeetively. 1T i and

+¥ *¥
=
£ F y |
3
, ’ A B
> REN o )
0 T
=¥

Jare theunit vectors acting along x and v axes respeciively then the force F can be
expressed ns F=F 14 F |

Where #. and & are the magnitudes of the components along x and v axes.

Refer Fimire, ¥, and F are determined as,
ok, = Feosf

E F
F =Fsind and tan# = I-_

The magnitude of the force can also be expressed as

= Y R

POLT=Me
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1.3 Composition of Forces

Analyticod method
a) Paraifelogram theorem:

“If two forces, acting at a point be represented in magnitude, direction and sense by the
two adjacent sides of a parallelogram, then their resultant is represented in magmludc
direction and sense by the diagonal of the parallelogram passing through that point.”

b Triangle Law of Forces
If two forces acting on a body are represenied one afier another by the sides of a triangle,

their resultant is represented by the closing side of the trangle taken form first paint 1o
the last point.

c) Law af Polygon of Forces

“If & number of forces acting at a point are such that they can be represented in
magnitude and direction by the sides of an open polygon taken in order, then their
resultant is represented in magnitude and direction by the closing side of the polygon but
taken in the opposite order™

[ Short Answer Type Questions )

A. Choose the comect answer from the given allematives in each of the

fcllowing:

1. Action and reaction - [WBSCTE 2008]
{a) always act on same hody {b) never act an the same body
{c) action act but reachion mever act {d) none of the above

Answer: (a) .

2. The forees which meet at one point but their lines of action do not lie on one plane,
are called [WBSCTE 2008]
{a) coplanar concurrent fnrcaz. (b) coplanar non-concurrent forees
{c) non-coplanar concurrent forces (d} intersecting forces

Answer: (¢)

3. The tension in the wire ropes supparting a lift [WBSCTE 2006]
{a) is more when the [ift is moving downwards
(b) is less when the lift is moving upward
() is more when the 11 15 moving upward
{d) remains constant irrespective of the lift movement
Answer: (a)

, P Al
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4. The resultant of a foroe acting on 8 body will be zero, if the bady - TWEEGTE 2006]
{a) rotales (b} docs net rotate
(] rotates with uniform acceleration (d) rotates with uniform de-acceleration

Answer: (c)

B. Fillin the blanks in the following statements:

5. The vector quantities are those quantities which have both direction and mugnifuds
|WEBSCTE 2008, 20037

6. Scalar Quantity has Muegrmituide only., [WBSCTE 2006, 2009]

7. The resultant of two forces P and @ act at angle # is egual 1w

R=JF + 0% +2Ppcosd [WESCTE 2007, 2044]

8. The Lami’s theorem is applicable only three coplanar Concurrent forees.
[WESCTE 2007, 2014)

Y. For coplanar concurrent forces Lami's theorem states that i three coplanar

concurrest forces acting on a body keep it in eguilfbrium ﬂu.-l each force g

proportional to the sine of the angle between the otier. [WBSCTE 2011]
10. A foree is completely defined by the product of mass and accelerafion.
[WESCTE 2012]
11. The expression for normal scceleration is given hy F~/R [WBSCTE 2012]

12. A Rigid body is one that the botdy does nor deform or the distance between any fwo
poinis of the body does not chunge undér the action of & applied force.

[WBSCTE 2013, 2014]
13. Bow's notations are related to analvsis by Graphical Solution of Forces.
[WBSCTE 2013, 2014]
4. Frictional foree depends upon th f faces in
ot thieir rougliness or smoothness. [WBSCTE 2014]
15, Vector quantity has magnitude and direction. WBSCTE 2015]

L6, The units which are used for measurement of fundamental quantities i.e. mass, length
and time, are known a8 gram, metre, second. [WBSCTE 20186]

17. The body which does not deform under the action of applied forces is known a5 Rigsd
hody. [WBSCTE 2016]
POLY-Me
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I8, If the resultant of two forces P and O (acting at an anple @) makes an angle o
{sinf?

ath Mothon e = @Ang =———— |
with J n {P—{?cn&ﬂ']

[WESCTE 2016)

19. The process of finding out the resultant force of two or more given forces is called

composition of forces [WBSCTE 2017]
0. The turning or rotational tepdency of & force 15 called forgue. [WESCTE 2017]

21. The diagram which shows all forces including reactions at the contact surface after
removing supports is known as free body diagram, [WBSCTE 2017]

22. If & number of forces are acting simultaneously on a particle, then the resubant of
these forces will have the same effect as produced by the all the forces. This s known

as Parallelogram law. [WBSCTE 2014)

23. If the two forces P and (J are acting at an angle @ and their resultant acting at an

angle o with #. Then tana geind

—e—— [WBSCTE 201
(P+cos) "
24. Example of vector quality is velociny. [WBSCTE 2022)

C. State whether the following statements are True or False:

N |
25. The radius of gyration can be given by X, =J; [WEBSCTE 2010]

Answer: True

26. There is no difference in component and resolved parts of a foree,  [WBSCTE 2012]
Answer: True

17. Adpebraic sum of moment of all the forces in a plane about any pont in that plane is
¢qual to moment of their resultant force shout the same point. [WBSCTE 2012)
Answer: True

28. Ifiwo forees 7 N and 4 N are acted their resultant is not slways egual to [ 1 N
[WBSCTE 2013)

Answer: True
29. Under equilibrium condition the vector diagram is a closed polygon.  [WBSGTE 2013]

Answer: True

POL My
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30. Component of & force is the resolved parts of the force in two mutually perpendicular

direction. [WBSCTE 2013, 2014]
Answer: True

31, Ina simply supported beam carrying triangular load, the reactions cannot be vertical,

[WBSCTE 2014]
Answer: False

3. Concurrent forces always are coplanar. [WBSCTE 2015)
Answer: True

33. A body isolated from all other members which are connected to it is called Free
body. [WBSCTE 201g]

Answer: Trae

34. A roller support has reaction normal to the support plane. | [WBSCTE 201§]
Answer: True

35. If two equal forces each of magnitude P act at an angle @, then their resultant will

be P,pi 2(1- msﬂ)] [WBSCTE 2015]

Answer: False

36, The normal force of an object lying on an inclined plane will be lesser than the
normal force acting on it. when it rests horizontally. [WESCTE 2016]
Answer: True

37. The companents of 3 force along two mutually perpendicular lines are called

rectangular components, [WBSCTE 201
Answer: True .

D. Pick up the correct answer:

38, A fmt_:u ean be completely defined by its (Magnitude and DirectionMagnitude,
Direction and Sense/magnitude, Direction, sense and Line of Action)

_ [WBSCTE 2011]
Answer: Director, sense and magnitude

39, If thn:r furces acting on a body keep the body in equilibrium they {must meet a1 a
point / must be parallel / must meet at a paint or else they must be parallel)

_ [WBSCTE 2012}
Answer: musi meet at a point or else they must be parallel

FPOLE-A
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40 The line of action of resultamt of two like paratlel forces hies {in between them nearer
to the smaller foree/ in between them nearer to the larger force/ln the line of action of
larger forceh [WBSCTE 2017

Answer: i hetween them nearer to lhe |larger force

41. When two forces of magnitude 3 N and 4 N acts at right angles to each ather their
resubtant s (14 N0 N2 NS WL [WBSCTE 2013, 2014)
Answer: 5 N

42. For simple problem of sttics (statically deverminaie) the analysis can be done

(graphically/anal vticallv/both graphically and analytically) [WBSCTE 2013)
Answer: both graphically and anslytically.

E. Answer the following Questions:

43. Define Scalar & Vector quantity [WBSCTE 2022]
Answer: Refer to Article No. .1 of Unirt at a Glance.

( Long Answer Type Questions )

= L. State the parallelogram law of forces. Draw sketch to explain this,
[WBSCTE 2003, 2004, 2008, 2009, 2013]

Answer:

Parallelogram Law of Forces: If rwo forces are acting simulizneously on a particle and
are represented in terms of magnitude and direction of two adjacent sides of 2
paralielogram, then the diagonal passing through the point of intersection of these forces,
represents the resultant of above two forces, in terms Dfrrmgnlludl.. and direction.

a) : P AT "D
Suppose two forces, Pand {2 acting at point o be represented by the two sides of a
parallelogram, then their resultant R is reprv:;um.d completely by the diagonal OC of the
parallelogram GACH.

= 1 The following forces act at & point — [WBSCTE 2003, 2016, 2022)
(i} 20N inclined at 30° to Nerth of East, (ii) 25N towards North, (jii)) 30N
towards North-West and (iv) 35N inclined at 40° 10 South of West,

Find the magnitude and direction of the resultant of the force system,

Frat. F-Me
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Answer:
[Hints: similar Lype as above
YH=-30IN Y V=637N @=244.269)

For finding the resultant of the given forces we need to find resultant of forces in each
direction.

Doing the components of the forces in x-direction we get forces as
2icos30°, 25c0590°, I0cosd5®, Jicosd(l.

Net foree in the x=direction can be written as F,

k.= 20c0s30°+25cosM° 30c0s45°- 35c0s40°

F,=-30.7TN

Daing the components of the forces in y-direction we get forces as
20sin30°, 255in90°, 30sind5%, 35sin40®

Net force in the y- direction can be written as F,

F,= 205in30° + 255in%(0" + 30sin45 — 33sind0”

F=337TN

Resultant force will be, F=+( F,+F,’} =456 N

Direction of resultant force will be

a=1tan""(33.7/-3.7)

a={-47.7°)

Thergfore, the magnitude and direction of the resultant force system is 43.6N and - 47.7°
respectively.

:‘ 3. (a) The following coplanar and concurrent forces act at a point —
(i) 30N at 30°North of West (i) 40N towards South (iii) 20N towards North East
(iv) 35N towards 60° East of South (v) SON towards 30° South of WesL
Find the magnitude and direction of the resultant of the force system.

_ [WBSCTE 2004]
{h) The following forees act at a point -

(i) 30N inclined ut 40° towards North of East,
{1y 20N due North,
(iii) 40N inclined at 60° South of West. Find the resultant force in magnitude

and direetion. [WEBSCTE 2004, 2009]
Answer:

a) Mugnitude of the resultant force. Resolving all the forces horizontally i.e., along east-
West line.

POLY-Me
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EH =(2Ncos 457 ¢ 30cos150% + 30cos 210° + 40c0s 2707 + 35005 3309 N
=—24.829N
And now resolving all the Torces vertically i.e., along Notth-South Line.
EF =(20sin45° + 305in 1 50° + 505in 210° 4 403in 270° + 35sin 330°) N
=—53.5358M
We know the magnitude of resultant force R P

=g- H(ZHIE ” [E_L.}-.

= J(-24.820) + (53358 N " L
=53.852 N
Direction of the resultant force. anx
Let angle is #which the resultant makes with the force
Since ZF is negative and Z f is negative, therefore & lies between 180° and 270°
Actual B=1807+65°046" =255°046" _

h) Similar type problem as (al

< 4. Find the tension in the tie and job when a load of 100 kN is suspended from
the crane as shown in Fig. given below, [WESCTE 2006]

[
[
+
"

_________ oo
(1H,
A jib crane shown in figure, lift 2 load of 200N. Determine the tension in the tie
and compression force in the jib. [WBSCTE 2008]
w 1
g
.'{f"-
L iy
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Answer:
Let, 7= required tension in the tie AB, and P = required compressive force in BC,
The point B is in equilibrium under the action of three forces which are T, £ and 100 KN

F T 100
nr' - = = = =
sin70%  sinl&0"  sin 307
{ )
PO Tlecbbbesa i L D1 1 (Ans.)
s | 30°
7= Hn160°  100=44.65kN (Ans.)
sin 307

[Mote: Secand problem similar type]

< 5. Explain bow’s notation. [WBSCTE 2008]
OR,
Explain Bow's notation with proper diagram. [WBSCTE 2008]
Answer:
Bow's Notation

When several members are pinned are together and the Joint in total equilibrium (not
moving), the resuliant foree must be zero. This means that if

we add up all the forces as vectors, they must from a closed A

polygon. [f one or even two of these forces is unknown, then it g 8

musi be the vector, which closes the polyvgon. c \\ Fig. (2)
Cuonsider three members joined by a pin as shown in figure (2). L

Only one of these forces is known. Bow's notation helps us to

identify and label each member and draw the polygon or (in this case) the triangle of

forces. The process is as follows.

1. Label the apace between each number. This is why the diagram is called a SPACE
DIAGRAM.

2. Starting at any space, say A identify each member by moving clockwise around the
joint so the first becomes a-b and the next b-c (in this case only).

- 3. Draw the known vector a-b. We known that the next

veclor b-c starts at b but we do not know iis lengrh. CLAE
Draw a ‘¢’ line from B in the direction of member ¢ e N o _a
b-c. We know that when all the vectors are added, N
they must rom o closed mriangle so c-a must end o \"h Fig. (b)
‘a’. Draw 2 *c’ line through 'a’ in the direction of )
member g-i Where the two ‘¢ lines eross must be point *¢”.

4. Finally, transfer the arrows hack to the space disgram in
the same direction as on the triangle of farce (figure o) A /

I{ they push onto the pin join, the member must be in B
compression and so is a strut. [ the arrow pulls on the c w®  Fig (<)
Joint, the member must be in tension and so is tie.

= 6. State the triangle law of force. [WBSCTE 2009]
POLT-Me
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Answor:

Triangle iaw of force: If two forces are simultaneously acting on a particle and are
represented in terms of magnitude and direction by two sides of a triangle, taken in an
order, then the third side or the closing side of the trangle, drawn in opposite order,
represents the resultant of above two forces interms of magnitude and direction.

Let F, and F, forcesare acting along two sides AB & BC of A4BC

Then the resultant force B will be represented beth in direction and magnitude by the side
A,

= 7. State the polygon law of force & transmissibility of forces. WBSCTE 2010]
Answer: Refer to Article No. 1.3 of Unit ar a Glarce,

= 8. ABCDEF is a regular hexagon. Forces of magnitude 2, 15 + By 23 & 4N act
at A in direction of AB, AC, AD, AE & AF respectively determine the resultant
completely? [WBSCTE 2010]
Answer:
AABC. AB+BC = AC
Using the law of triangle of vector
2+u=43
a=(4&3-2N

e |=| DF |=| EF

|Ft=

using the law of hexagon.

+AB+BC+CD+DE+EF =AF
24445 -2)=AF =2+]63-8

=163 - 6=AF

. Henee the resultant F=-[16J§-E}N(Ans.j.

= 9. The angle of inclinaticn between two forces P and Q is &#. 1f P and ) he
interchanged in pasition, shows that the resuftant will be turned through an

angle ¢, where wn[g] = ;j:_.m tan( ' 2). [WBSCTE 2011]

@)
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Angwer:

Let

LBAC =a = ZFAF
LACD =g

" Giiven, g = ZCAF, and @ = ZDAB= ZFAG

Lg=0-2a a;:r.f:w---l!?—_:!ﬂl

Apain, f—a+6 =?+¢%

From, A4 BC, we get, I_3C = :"B
sing sinfg
o g P :
sin&_-# tsin-'ﬁ‘-l-'il!I
2 2
. B+
Sin———
o ol I
Q@ L -
2
i 0th . 0-9
p_p SN 7 sin 3
"Pe+Q . O+8 . O-¢
sin 5 +sin= 3
g H-g G+ 0-¢
e 2 2 2 - ¢
o I S e B
ﬂ : i = - B e, —
el L Lo geg 2-a f,lrs--:':-s-fl tang Q0 2
- '2 2 ¥ 2 | ]
=311 3 HLOE —a = e & & 2

= 10, One end of a stout rope of length 20 metre is fixed (o a verfical telegraph
post standing on the ground, and a man pulls at the other end with a given force.
Find the point of the post at which the rope to be fixed in order that the man will
have the best chances of overturning the post [WBSCTE 2012]

Answer:

The man will have the maximum chances to over wm the post it AN

he fix the rope at the wp of the post

I the rope is connected at point A then torque generated al point

A, having a eentre of rotation 3, will be maximum hence the post \

will over turn,

POLT-My
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25 11, If one of the two equal forces acting simultancously at a point and il their
resultant is equal to any one of them, then find the angle between the forces.

WEBSCTE 2013]
Answer: B c
i
o b o
From the parallelogram law, we know that Resultant _
R=(P*+0"+2P0cosa) ~ o (i)
and direction d=tan [(@sina)/ (F + Peosa)] ceen (1)

Mow from equation (i) we can write
P =(F + P° +2P Pcosa)
cosa ==1/2=cos120
a=120°
And from equation (i1) we can write ¢ =tan ' [( Psin120)/ (P + Peos120)] = 60°

= 2. Two forces act an angle of 120°. The bigger force is of 40N and the resultant
is perpendicular to the smaller one, find the smaller foree. [WBSCTE 2014]

Answer:
Bigger force P = 40N
Angle between the resultant and the smaller force = 90°

Angle between the two forces 8 =120°

-, Angle between the bigger {orce and the resultamt (R} =120°-90° =30°

Let Q = smaller force.

cR=JP O +2PQcosI20F =40 + 07 400 (i)

Now, P* =0 + B — 20Rcos90° = P = Q" + & = (i)

- From equation (1) & (ii) we get

Po =28

_P_40 _aon
a@=5=N =20

S 13. State and explain triangle law of forces. [WBSCTE 2015]
Answer: Refer to Question No. 6 af Long Answer Type Questions.

= 14. a) Two concurrent forces P & {) are acting at an angle J, derive the

expression of their resultant foree.
FOLY-ME
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h) The resultant of two lorces P and O s £.I7 (0 is doubled, # is doubled and
il (2 is reversed, R is again doubled. Show that P: 0 R = JS2: ﬁ.q’i,

[WBSCTE 2018)
Answer:
a) Two concurrent forces P & (3 are acting al an angle #,
B
Q
o & i '
Derivation of Resuhamt R: " p A b
LCAD =8 [because OB/ CA and 04 is common base]
In AACD, cos@ = %:; AD, AC c0s ' '

But, AC =, ie. AD=0 cosd

And, sin9=%:>f.‘ﬂ=.-!£‘ siné!

Now in AOCD = OC* = OD* + D'

R =(04+A4D) +CD* = (P + Qcos8) (Qsin@)*

=P* 40 cos” 8+ 2P0cosd+ Q" sin 6

R= J{J’”’ 0%+ ZPQQGSE?}

Let, the angle made by the resultant R with the direction of foree P is givenby a.

. n AOCD, ting=C0 o OSing

0D~ (P+ 0 cosd)
m.{ O siné J

(P4 Qcosd)
15 the direction of the resultant 2

b) The resultant of two forces Pand Q is R
-. by using the formula of vectors/forces,

R <P 4 Q14 2P0 cos = i)

The given condition is, ifQ is doubled, then R is doubled.

“(2R) = P+ (20) + 2|P|x|2P|ccs 6
= AR = P! 4@ L 4PY cosh (i)
Again, if () is revered, R is again doubled

S2RY =P (-0) + 2P| -Qfcos(180° - B)

POLT-Me



i ENGINEERING MECHANICS Me.18

| - reversing a vevlor means changing its direction by 180°],
On solving we get,

AR =P 4 Q- 2P0 cosd i)
Subtracting egn {iii) from eqn (i) we pet,
0=30" 4 6';]"I|Qi cosdl
Assuming O as non zero vector/{orces
—5|§_)1 =6|P| cos 8
=0=-1Pcost
=" =4P cos’ 8 o div)
Now, subtracting equn (i) from eqgo (it) we get,
3R =30 + 2P0 cosh
Substituting the value of ) in the above eqn.
3R* =3(4P" cos” ) + 2P(-2Pcost) cosd
=3R =12P cos’ A -4 P cos” @
s 3P cos’ @

= 3R =8P cos’ 0= R’ = (%)
Now, Substituting the value of Q) & B in eqn (i) we gel,
W;ff +(47 cos’ 0) + 2(-2P casBi)cosd
Assurming P as non zero vector/forces
= P’ =igf:';““"‘ﬂ o (¥i)
nPrR R -M-4p}cos:ﬂ.w%w

B 38

==:4:==§:12:8=2:3:2
k] 3

L PO R=N2: 02 (proved)

= 15. &) Two concurrent forces M & AN arc acting at an angle a, derive the
expression of their resultant foree. [WBSCTE 2018)
AnSwers
Two concurrent forces M and N are acting a1 an angle o,
B

o M

P Y- M

Basics of Mechanics and Force System Me. 19
[¥erivation of resultant K,
ZCAND=a [ OB||CA & OA is common basc]

AD ;
In MACEH, cosex = s = AD, ACcose
a

But, AC=N; e AD=Ncosa
and,  sine =£ = 0= ACsina
AC

MNow in AGCR = O =0 +CD°

R =(0A4+AD) +CDF = (M + Neasa) (Nsina)’

=M +Nieos'a+2MNcosa = Nisin“a

R= (M + N+ 20N cosa)

Let, the angle made by the resultant & with the direction of foree Af is given by 4.,

o S AT il = T

oD (M +Neoser)

ﬁ:lan ! _Jia.ﬂa_.
(M + Noosa)

& is the direction of the resultant R.

=I5 b) The resultant of two forces A & N is R. If N is doubled, ® is doubled
and if A/ is reversed again doubled. Show that AN R =42 -J3:42.

[WBSCTE 2018]
Answer:
The resuliant of two forces Af and N is B.
o RF=M+ N 4+20Ncosd A1
Mow, il N is doubled, & s doubled
= AR = M° + 4N £ 4MN cost B

Again, (T M isreversed. R isagain doubled,
; (2R) =(-M)" + N+ 2] M| V]cos(180° - @)
|+ Revorsing a veetor means changing its direction by 180°)
=5 AR =M+ N -2MA cosd e
Now, (2}-{3).
0= 3N 6] M| A cos
Assuming N 0s non-zero vestor / forees

2 3| M| = 6] Af |cosd)
= N =-2M cosd?
= N zaM cos' @ ) iy

POLT-Me
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Now, (1)-(2),

IR =3(4° cos” @)+ 2M (-2M cos @) cosé
— IR =12M cos’ @—4M cos* F=BM cas’ @

= pii e ?‘8 . (5)
L ]
Now, substitnting the value of M and N in Eqn. (1) we get.
-E-L"T'-_;Eséf = M 4 (4M cos® B) + 1M (~2M cos@)cos®
Assuming M as non-Zero veclor [ foroes
A = EM'fﬂs‘ g ()
-1 =
NI 0 B0 B LR st
ki 3 33
= M:N:R=JZ: 32 [Proved]

= 16. Replace the 10kN force by two downward force acting at C and D
respectively, which will disturb the overall external effect on the heam.

o [WESCTE 2018]
Im = 2m
A | .
CL—lm—e ]
* &m
Answer: 10k
- Im . m
A | B
e e [T)

firm

Let us consider the forces appliedat € and ) be £ and 2 respectively

The slope at A in case of load W ar € is: W
wa(l -5°) ,.___.,4_{._;_*{
T eEN A = “
Slope at A dueto £ at
_ ﬂx4x[:tf|:—4j_ 80P

I
— )
i I6E] 6k
Slopeat 8 dueto £ at C
Pu2udu(2z6-4) 647
= I6E] " 365!

FPOLT-Me
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Again slope at A ducto £ at D
Fixl r(ﬁl—d’} 58
9;11', = = ;
I6Er I6ES
Slopeat # dugto £ a1 D
 PoxSxlx(2x6-1) 55p,
_ LS RETT
When 10kN force was spplied 2t mid of the beam, slopes atboth 4 and B same
Applying the same logic we can write,
Slope at A due to F and 7 = Slope at B duc to

byt Gy =y + Oy

By

. We can write
807 , 35K 64R  SSP
A6E!  36El 36El 36E!
= 808 +35F, =645 +55P,
= 16F =20P.
= ,F," = -i-— Fz e | [ ]
Slope # when |0kN force was applied the midpoint as given by
We can therefore say )
BO7_, 352 _ 36010
J6El 36E] la LS

1
= aﬂﬂ+35?§=36"”:: *36
= B0R+35P =910x10°
=3 Wx%ﬂ*35ﬁ=ﬁlﬂxllf [From {(1)]
= 1007, + 35 ~810x10"
= 1357, =810%10"
= ﬂ:%xlﬂ‘ﬂixIG"N 6 kN
§ 5
Now fl==xP ==x6=T7.5kN
: 4 4
F=75kN P, =6 kN

POLE-Me
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2 17, Find the magnitude of resultant force and also the angle through which the
resultant acts for following system of forees. [WRSCTE 2018)

AN "
3 Ith! -
1kN
= L LN
3]
Sm
Answer: e =
[k !
45 L_i“..
LN
E -
S{fax AN
6T
i Simi

Met force acting along r direction

F, —4:0545=+{-:mwv]=4w'—,;- 2t =27 1=1828
» FS

F o=d4sinds® < 1-14+ 2sin60°+3=2v2 +4343= 2828 + 1732+ 3=7.56

Resultant {orce,

© R=\J(1828) +(756) =/3.38-57.15 = 6049 = TTTTKN

We know .
F 756
el
=E T Ims
7:56)
#=1an" =T75397
gl 7 }
2 18 1) Describe briefly the types of loading and types of support of the beam.
[WBSCTE 2018)
Answer:
[y pes of Leading:

The following are the important types of loading:
i} Concentrated or point load
if) Uniformly distribuied load
iil) Uniformly varying load,

PIL Fie
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Concentrated or point load: Fig. | shows a
beam AB, which is simply suppontad at the ends
Aand B A load W is acting at the point C. This

—

load 15 known as point load (or concentraled Ag = [B
load). Heénce any load acting at a point on a 2 I
pearn, is known as point load. R s

lm-actual practice, it is not possible to apply a Fig |

|oad ala poimt {i.e.,al @ mathematical point) as it must have some contact area. Bur this
area in comparison 1o the length of the beam is too small (or area is negligible).

Uniformly distributed load: If & beam is Ioaded in such a way, that each unit length of
the beam carries same intensity of the load, then

that type of load is known as uniformly o
distributed load (which is written as U.D.L.).

Fig. 2 shows a beam AB, which carries a -~ . K
uni formly distributed load. Fig: 2

For finding the reactions the tofal uniformly distributed load is assumed o act at the
centre of gravity of the load,

Uniformly varying load: Fig. 3 shows a beam

AB. which carmies load in such a way that the rate
of loading on each unit length of the beam varies

uniformly. This type of load is knmown as

uniformly varying load. The tetal load on the & 8

beam is equal to the area of the load dingram. The

toial load acts at the centre of gravity of the toad ™ Te: ha
Fig: 3

diagram. .

Types of Supporis:
Though there are many types of supports, vet the following are important from the
stifiject point of view:

i) Simple supports or knife edge supports

i) Roller suppont

iit) Pin-Joint {or hinged) support

iv) Smoath surface support

v) Fixed or built-in suppont = L ]
Simple supports or knife edge supports: A beam YN : VAN =
supparted an the knife edges A and B is shown in Fig: a)

Fig. 4{a). The reactions st A and B in case of knife ; ]
eilge support will be normal 10 the surface of the
beam. The reuctions R, and Ry with free body I"ﬂ:. . Ra
diagram of the beam is shown in Fig. 4(h). Fig: 4(b)

POLY-M:
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Roller support: A beam supported on the rollers at points A and B is shown in Fig. 5(a),
The reactions in case of roller supports will be normal to the surface as shown in Fig,

sk | ]
A A

Q Fig: §{ab &
[ |

B g st i
Pin-joint (or hinged) support: A beam, which is hinged (or pin-joint) at point A, is
shown in Fig. 6, The reaction at the hinged end P
"may be either vertical or inclined depending upon (@ |
the type of loading,. If the load is vertical, then the

reaction will also be vertical. But if the load is Fig:6
inclined, then the reaction at the hinged end will also be inclined.
Raddy

syrfice Ra

2] [{:1]
Fig: 7

Smooth surface support: Fig 7 shows a body in contact with a smooth surface. The
reaction will always act normal 1o the support a8 shown in Fip: 7(a) and 7(h).
Fig. 8 shows a rod AB resting inside a sphere, whose surface
are smiooth. Herg the rod becomes body and sphere becomes
surface. The reactions on the ends of the rod (i.e., at point A
and B) will be normal to the sphere surface at A and B. the
normal at any point on the surfzce of the sphere will always

through the centre of the sphere. Hence reactions R, and
Hy will have directions AD and BO respectively as shown in
Fig 8.

/

Fixed ar bailt-in support: Fig. @ shows the end A of g
a beam. which is fixed. Hence the support at A is
known as a fixed suppor., In case af fixed support, |

the reaction will be mclined. Also the fixed support %

will provide a couple
Fig: 8

POLY-Me
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= 18 b) A simply supported beam AB of 6m span is subjected o loading as shown
in Fig. Find the support Reaction at A and B, [WESCTE 2018]
T N
"| Imy | §m

p-————————=
I‘VVLW"V”"V"‘U"\ '
J\‘I = .d

Answer:
kM kM
.] im F I Sm—
A B
A A
- i -

bl kM

[ T
Fr——]

Ha

Ba
R, + R, =(6+5)=11kN
Taking moment w.r.L pt, A,
Ry x6=(6x15)+(5x4.5)=315
= R,=525kN
R, =(11-525)kN=575kN

= 19. a) The resultant of two forces is 10N and it is inclined at 60° 1o one of the

forces whose magnitude is SN. Find the magnitude and direction of the other
force,

b) State Triangle Law and Parallelogram Law of forces. [WBSCTE 2022
Answer:
a) The resultant of two forces, P= 10N and Q=5 N
Angle between the two forees, a =60°

The magnitude of the resultant foree (R) =

P+ O v 2P0cosa - fuu]’ +(5) +2.10.5.cas60°

I_'—T
- ‘Jlﬂﬂl *.-ESvl-[IEIUx: | =173 =13.22N

b) Refer to Article No. 1.3 of Unir at a Glance.

POLF=Me



Unit 2: Moments and Couples

Unit at a glance:
2.1 Moment of a force

1. Moment of a Force about a Point

Moment of force- (ofien just mament) is the tendency of a force to twist or rotate an
ohjeet.

The moment of a force about o peint is defined as the product of
the magnitude of the force by the perpendicular disiance from the
paint t the line of action of the force.

Moment of force Fabow O is Fd.

Direction M is perpendicular 10 the plane of the point and the
foree with a sense determined by right hand corkscrew rule,

= 1807 -fF

= -

M=rx.z‘

2. Moment of a Couple
A touple is @ pair of forces, equal in magnitude, oppositely directed, and displaced by
perendicular distance. ;
Le1 us consider two equal, opposite and non-collinear forces

Foand - F {known as a couple) as shown in Fig,
Now, moment of the above system of forces about any arbitrary
point O,

. -

M=rxf+ r,A'{-i"). where randr. refer to position vectors of

two arbitrary points A and B, located on the lines of action of F and — F respectively,
e e — - = -

¥
AM=Ar=r)xF & M=r =F A

¥
Observe that ry, , is independent of choice of the moment cenure O Thus, moment of the

-

couple, defined by the vector M in equation {1}, is independent of the point about which
the moment is computed We will see subsequently that such a vector i5 called o free
vector, '
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3. Varignon's Theorem

The net moment of a system of forces aboul a point is equal o the moment of the

resullant aboul the same point. I can also be stated. a8 “the moment of 3 vector about a

point is same as that of the sum of the moments of its components about same paint.’

‘- [}

The propertics which distinguish one couple form every other couple are cafied i

characteristics. A couple whether positive or negative, has the following

properties/characteristics,

(1) The algebraic sum of the forces constituting a couple is zero.

(2) The algebraic sum of the moments of the forces forming a couple in the same about
any point in their plane.

{3) The couple can be balanced enly by another couple of the same moment but of the
opposite sense.

{4) The net effect of a number of coplanar couple is equivalent to the algebraic sum of
the effects of cach of the couples. .

A couple is frequently indicated by a clockwise or counter-clockwise arrow when

coplanar force systems are nvolved instead of showing two separate forces,

5. ce by a fi n
Consider a force F acting at point €. [magine two equal and opposite force F parallel 10
piven forceacting at (7, as shown in the figure below.

b bt F
. e d Fy —
i i M=id
> O 0 0, =0

RE

These two additional forces do not alter the sysiem. The new system is equivalent 1o a
force F acting at (&, plus acouple of moment M = F.d.

6. I rces
Consider a couple of moment M, where the axis of the couple is through O perpendicular
to the plane of paper as shown in the figure below,

| DR

This couple is equivalent to any two parallel forces of magnitude F acting at a distance d

apart such that F.d =M and the directions of the forces so chesen as 1o give the comeat
divection ol M.

POLY-Us
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( Short Answer Type Questions )

A. Fill in the blanks in the following statements:

L The umt of moment in 8.1 unit is Newron — meter (N [WBSCTE 2005, 2008]

2. Varignon’s theorem is applicable only w ceplanar concurrent and nan-concurrent

forces. [WESCTE 2006, 2007]
3. Equivalent couple is one where two couples having the same moment.
[WESCTE 2013]

4. According to Varignon's theorem algebraic sum of moment of all coplanar forces
about any point in their plane is equal to Mamernt of their r

same point . [WESCTE 2013, 2014]
S. The resultant of two unlike unequal parallel forces is located at flig point lies outside

of the lire an £ £ grper furce. [WBSCTE 2013]
6. The resuliamt of a force and a couple is a force and @ couple. [WBSCTE 2015)
7. Ifthe arm of a couple is doubled, its moment will be dowbiled [WBSCTE 2016]

8. A resulrant force is a single force which can replace two or more forces and produce

the same efTect as the force [WBSCTE 2017]
9. A couple has no resultant force but has resultant moment. [WBSCTE 2017]
10. Principle of moment is based on Faripnon's theorm [WBSCTE 2017]
11. Velocity ratio of first system of pulley is fg. [WBSCTE 2017]

13, The product of either force of couple with the arm of the couple is called- memens of
the couple. [WBSCTE 2022]

13. The algebraic sum of moments of the frces forming eouple about any point in their

plane 15 - equerl fo the moment of the couple. [WBSCTE 2022)

B. State whether the following statements are True or False:

14. Torque and inertia are related as 7= [
Answer: True

[WBSCTE 2010]

FOL-Me
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15. Moment of n force 35 a sealar quantity [WBSCTE 2040]
Answer: False
16. Two like cqual parallel forces constitute @ couple. [WBSCTE 2012]

Answer: False

17. Action of & moment on & body creates tendency of ratation of the hody.

[WESCTE 2014]
Answer: True
18. Two unlike unequal parallel forees constitute a couple. [WBSCTE 2015]
Answer: False
19. Rotational tendency of a force is called resulian. [WEBSCTE 2018]
Answer: False
20, Ifthe arm of a couple is doubled, 1t's moment will be same. [WEBSCTE 20171
Answer: False
21. Moment of a force is a scalar quantity [WBSCTE 2017

Answer: False

12. The resultant of two like parallel forces acts at a point between their points of
application. ’ ; [WBSCTE 2017]
Answer: True
23, Equivalent couple is ong where moment and direction are di fferent
[WBSCTE 2017]

Answer: False

C. Pick up the correct answer:

24. Numerical value of Moment of a force (vector) aboul any point is equal
{2 times/3 times / 0.5 times) the area of triangle constructed by that vector and the

given point [WEBSCTE 2011)
Answer: 2times

15_. The resultant of a foree and a couple is a (force / couple / force and a couple)
[WBSCTE 2012, 2013]
Answer: force and a couple

26, The resulant of two non-parallel concurrent forces may be (zero / non zero positive

Quanhity ' non zero negative quantity) [WBSCTE 2015)
Answer; non zero positive quantity.

POLT-Me



mil FNGINEFRING MECHANICS Me.30

{ Long Answer Type Questions )

= 1. State and prove Varignon theorem. [WBSCTE 2004, 2009, 2016, 2018]

OR,
State and explain Varignon's theorem [WHBSCTE 2010, 2013]
OR.
State Varignon's theorem. [WBSCTE 2011)
OR,
State and show by a skeich Varignon's Theorem. [WBSCTE 2022]

Answer: R
Varignon's theorem of moments states: T he algebraic sum of the moments of any two

forees about any point in their plane is equal to the moment of their resultant about the

same point. ) )
Proof. The net moment of a svstem of forces about a point is equal to the moment of the

resultam about the same point. It can also be stated, as “the moment of & vector about a
point is same as that of the sum of the moments of its compenents aboul same point.”

For concurrent forces: Let I; F_ ..... , F, are concurrent
forces at a point A

ﬁ+1:-'; ok F-': = R =Resultant force:

Censider moment of forces about O, which is origin of a

reference system.
> = = — - —
— + e P T F
Mg = rxF +rxF, by
— =

- -5 =
- r:(FI +Fy #...#Fp }= r « R = moment of the resultant.

For Coplanar forces (Parailel forces):
Let us assume, .

F,. and F; acting at A and B having a resultent R acting at O,
Assume ‘0’ arigin of the reference system.

e e e -+ —* =+ =} 4' ¥
Henee Munrlrf:l -—rl.-'Fz (rl dri_].zl-l tH l-(’uljlr By
e R . B g RSN
:rixlF:I'F;I’fﬁrl*!'g-ﬂFi'f'.J
-l L o2
fi . "
& ar,
0 i 22
1 [7)
— 5
| MO ,.:' —

TOL <Al

1

nd Coupl Me. 31

For all parallel forces in equilibrium the two moments are equal o magitude but
apposile in sense and hence,

— —¥ -+ =
rJrgw I'2 = Jrl w )

~% S - — — =
My=r a-cff-l -I-‘IJ: Fx R =moment of the resiltam about O

< 2. A horizontal bridge (AB) of 18m long weighs 18kN and rest on two support at
its ends. What will be the pressure on each support when a lorry of weight SKN

starting form A is two third of the way across the bridge.  [WBSCTE 2007, 2017)
Answors
2 : 2 )
AJ‘=5~AE{gwenl=§nHlm=l'lm R - Ra
For equilibrium we can say } Resultant force = () ,\l o £ lB '
Therefore, B, + Rg= 184 5= 23kN. e
Taking a moment about a point A, it can be written 5.7 BN

R, x0—18x9-5x124 R, x18=0 = R, =12 33kN te e -
Sa. 8, willbe ={23 - 12.33)= 10.66 kN [Ans.)

= X Two men earry a concrete block weighing 300N using a light wooden plank on
their shoulders. The stronger man can carry 225N, How should the block be
supported so that the stronger man pels his share i the length of the plank

between the shoulders is 3.5m? [WBSCTE 2009, 2047}
Answer:
Suppase twa men are |ocated at point A and B, 0y
Let A s the sironger man % E e B
So A can cary 225N fl
Agmn #, & R, arc the reaction of the two men. g,
"R, + R, = 400N P, e

Sa B, =225N

LRy =400 -228= T8N

Mow taking moment about A, R, =3.5=400=x
17335

—= |,
7o $31m

S0 the distance of the load C, is 1,531 m away from the stronger person.

or, X =

= 4 A uniform plunk of leagth 2a and weight W is supporied horizontally on two
vertical props at a distance b apart. The greatest weight that can be placed a
the two ends without upsetting the plank are
WO, WY W, 4 Wy = bla [WBSCTE 2011]

PO Y-Me



nﬂ ENGINEERING MECHANICS Me.32
Answer: ‘
:. R = ll. K a"

Prii;

3 o L
3

o |
—

From the figure, we have distance between the props support = b,

Span of plan = Za.

Two extreme weights support al [wo ends A and B respectively, are W & W, withow
disturbing the equilibrium

[wew w-a-r]

A1} [As per Varignan's theorem)

Considering the moments about prop support (1)

q-#';-.u—E‘]—ﬁ'zE-R:-h—H'_’Ih—d—éE=U
h 2y 2 \ 2

) b A Y K =
e o e I

Considering the moments about prop support (2]

b f
-.W.!t:ra—-i::.el‘l"ri—ﬂln.b—'ﬂ'.;:b+ﬂ'£]=ﬂ
== 2y i 4 2

=

Wy

(a—%‘J-r H’:% +ll'r'1;i:a1-%:]- R b

weus (i)

f &) b ool b
_',[R‘+_ﬂ:}xb:ll':tu+gJ—H'| x!ld—EJ-rll’f%i Fl’;[n'—i}-l-"f L3 »H,{n +E}

r & A f b !l‘l
.—H"r.f:o"’,,ld+54a-i]‘”':lﬂ*5 H+?

(W, + W, + Wb =W b+ W, x2a+W, = (b)
(W, 3, + W —W Wb =W, «2a

W,xb=W,x2a  ~h=2a

it signifies that the greatest weight should be supported by the plank if the proper distance
is equal to the length of plagk.

L M
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= & Find the resultant {both magnitude and direction) of two coplanar concurrent
forces P and © acting at an angle o . |wBsCTE 2011]

ANSwWEer:
resultant of two forces Fy & F, is given by

k=R +F +2FF.cosd

R = resultant Force, # = angle between two forces
Given:

F| = F}'. R= FI

Now, B=yF* +F +2FF cosf
F =i + B + 2FF cos@
F! =2F +2F cosdl

Ixcosd=-1

I
l:mufl"—j;

cosé =cos120°
&=120°

= 6 (a) Drawing a suitable diagram show the location of the resultani of two
unlike wnegual parallel forces acting in a plane. What will happen if the
magnitude of these two forces becomes equal.
{b) The constituent forces of a couple of moment G act at A and B, if their lines
or action are turned through a right angle, they form a couple of moment H.
When they both act at right angles to AB, show that they form a eouple of
moment (77 HY. |WBSCTE 2017)

Answer:

1) B -

a

d& b are two forces which are parallel unlike and unequal.

Their resultant will be @~ A as a> b s0 R=a - b and the resultant vector will act along
the direction of a.
Ifthe two forces become equal then the resultant will be zero.

b) Let the constituent forces by of magnitude P each, acting at 4 and 5 at an angle &
with A8,

«A" A
bet  4B=d / “n_/
P |

G=fdL=Pudsing

- A1)
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When each force is turned through one fight angle, the moment is J1.

H = Pdsin(90"+ @) = Pdcosfl e i)
Squaring and adding (1) & {ii),
G+ M= pPid? or, Pd =G +H"*

= 7.(a) Forees P and Q having a resultant R act at a point. IT any transversal culs
the lines of action of the forces P, Q and R at points L, M and N respectively
show that P/OL+Q/0OM=R/ON,
(b) A beam AB is simply supported over a span of 5 m. It is subjected to
uniformly distributed loading 2 KN/m over a span of 3 m from support A
towards B and 2 concentrated load of 3 KN at 2 distance 2Zm from B. Find
support reactions at A and B. [WESCTE 2015]

Answer:

a) Let P, {__} and R makes angles a. f and y with x-axis respectively.

The wransvers of AR cuts the lines of action of the forces m point L, M and N

respectively.

Since R is resulam of P and .

- By theorem of resolvid parts

, Reosy = Ponsa + Ocos fi i)
; ()]
From figure  cosa=—
oL
on
<R i
and  cosy= L
ON

Using these values in Eqa (1), we gel
(R’ (28 on’
f 92)-5(28) . of 22
| l'.’JNJ fIL ) Q[-’JMJ
R P (o)

e {Proved)
ON OL OM

h) Length of beam = 5m
Rate of U.D.L. =2 kN/m
Lengthof 1L.DV1..=3m
2 Total load due to UL,
= (Length of L.DLL.) x Rate of UD.L, = 3% 2= 6kN

This load of 6 kN will be acting at the middle point of AC.
Let R, =Reaction at A.

and R, = Reaction at #
FOLT-Mr

Taking the moments of all forces about point A,
We get 3 L3 32
Ryx5-6x1.5-3=3=0
R,=36kN (Ans) A
. Total load on the beam=10+3=13kN
R,=13-36=-94kN (Ans)

> 8. State and explain Varignon's theorem. [WBSCTE 2011]
Answer:
Refer to Question No. I of Long Answer Type Questions.

= 9. Define the properties of couple. [WBSCTE 2015]

Answer:

Refer 1o Question No. 11 of Lang Answer Type Questions.

< 10. Give peometrical representation of moment of s force. [WBSCTE 2017
Answer:

Refer ro Article No, 2.1.1 of Unit at a Glance.

= 11 Define the properiies of a couple, [WBSCTE 2018]
Answer:
Properties af o couple;
* As the two forces forming couple are equal and opposite the couple doesn't
produce translational motion.
When it aets on a body net resultant force acting on a body is zero.
* It produces pure rotational motion in the hody this is because the algebraic sum
of the moments of the two forces about any point % their plane is not zero.
¢ Momenl of & couple about any point in its plane is constant, both in magnitude
and direction.

& 12, The resultant of a force P of 40N and an unknown force {, is known to be
perpendicnlar to P I P is replaced by a force of 70N in the same line of action.
the resultant would be inelined at 45° to the force of 7ON. Find the magnitude
and direction of unkoown foree . [WBSCTE 2027

Answer:

The magnitude of unknown force,

Q= J(40)" +(70)" =J1600+4900 = JH500 = 80.62
The direction of unknown force,

¢ B0.62
T AD

lan ¢ = ’ =2 0155

= O=tan’ 2.0155=0.035
POLT-My



Unit 3: Condition of Equilibrium

Unit at a glance:

An object at equilibrium has no net influences (o cause it Lo move, either in translation
(linear motion) or rotation.

1. Conditions of equilibrium

Y FE=0, Y F=0 F=0and 3 M =03 M, =03 M,=D.

Equilibrium for two force systermn — 11 and only if the twe forces zre equal in magnitude,
opposite in sense and collinear in action.

Egquilibrium for three force system = If either the forces meet at one paint or they are
parallel, Reverse is not always true

2. Lami's Theorem

This theorem can be applied when 2 particle is in equilibrium under the action of thres
forces, It states,

“If three coplanar forces acting at a point are in equilibrium, cach force is proportional 1o
the sine of the angle hetween the ather two farces™
Let us consider three co-planar forces P, Q & R with P E
included angles e, ffand y as shown in Fig.
According to Lami’s Theorem
P_9Q _ R
sin @ sin g siny

3. Equilibrium of a Coplanar Force System
Equilibrium of a coplanar force svstiem occurs if the resultant is neither a force R nor a
couple C. The necessary and sufficient conditions that R and C be zero vectors are

R-FF=0and C=Y M=0
Where zF: vector sum af all farces of the system

Y M = vecior sum of the moments (relative 1o any paint) of all the forces of the system.

The two vector equations above may be applied directly, or the following derived scalar
equations may be used for the three types of coplanar force systems,

4. Concurrent System
Any of the following sets of equations ensures equilibrium of a coneurrent system ie.,
the resultant is zero. Assume concurrency at origin.

Condition of Equilibrium

Me.37
Sel | Equalions of Equilibriam | Hemarks |
A “J'Z F.-0 ZF,rﬂg:hmic sum of the x components of the forces
af the system.
() EF‘:U EF,: Algebraic sum of the v componenis of the forges
ol the system.
R {IJEF,:H ZM.-AIgcbrai: sum of the moments of the forces of
(2) EM':U the system about -!,whl_l:h may be chosen any place in the
plane except on the y axis.
¢ 1 E‘M' =0 1 Z.M,and E.'I.f. = algebraic sums of the moments of
(# ZM, =0 the farces of the system about A and B, which may be
chosen any place in the plane provided A B and the origin
do not lie on the same straight linc

[f only three nonparallel forces act in a lane on a body in equilibrium. these three forces
must be concurrent.

5, Nonconcurrent, Nonparallel System
Any of the following sets of equations ensures equation of a no concurrent, non parallel
system; i.e., the resultant is neither a force nor a couple.

Set | Equations Remarks

A Y F=0 ¥ F walgebraic sum of x components of the forces
DY F=0 3F =alegebraic sum of y components of the forces
WY M =0 5" u —algebraic sum of the moments of the forces of the system
B | LF=0 ZF=a[gcbm’c sum of x components of the forces

:;:%1: i:‘l ZH&Z A =algebraic sums of the moments of the forces of the
: system
About any two points A and B in the plane. provided tha
Y =0 The line joining A snd B is not perpendicular to the x-axis.
"’TE:" :n T a2, M&Y A1 = Algebraic sums of the moments of the forees
[;JZ =0 of the svstem about any three points A, B and C in the plane,
' provided that A, B and C do not lic on the same straight line
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( Short Answer Type Questions j
A Fillin the blanks in the following statements:

1. Lami's theorcm is used when a particle is acted upon by three soncurient forces in

couilibrism. [WHSCTE 2009, 2010]

2. The equivalem couple Is one when e forces produce the same monient .
[WBSCTE 2015]
3. If for & number of coplanar concurrent forces the force palypon is closed the forces
are in Eguilibriem. [WBSCTE 2016]
4, Equilibrent force is equal and opposite 10 the resultant of several forces acting on 12
bady. [WESCTE 2017]

5. The effect of a couple scting on a rigid body is 10 forate it without moving it as &
whole [WBSCTE 2018]

6. [fabody isin cquilibrium. We may conclude that the resultant of all the forees acting
on it i5.zero and the moment of the forces about any point is zerg,  [WBSCTE 2018]

7. . The Lami’s Thearem is applicable only for three coplanar and cocarrent and uon-
coflimegr forces. [WESCTE 2018]

B State whether the following statements are True or False:
8 [fasystem of coplanar forces s in Equilibrium. '
N F, =03F =0, 3 M=0; [WBSCTE 2010)

Answer: Truoe

9, Action of 2 moment on a body creates lendency of rotation of the body.
[WBSCTE 2013}

Answer: True

10. To find suppont reactions of & simply supported beam application ol moment s not
required. [WBSCTE 2013]

Answer: False

11, Under equilibrium conditon the veetor diagram 15 3 closed polygon. [WBSCTE 2014]

Answer: True

12. When a ladder is placed leaned 10 @ wall the wall may be frictionless in order (0 keep

the system in stable condition [WBSCTE 2015]

ML - Mle
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Answer: False

1A, Couple causes rotation tendency of a body [WBSCTE 2015]
Answer: True

14, Summation of all farees in X direction is the only neccssary condition of equilibrium

of a system of coplanar non-concurrent forces. [WBSCTE 2015]
Answer: False
15 A hudy_is said to be in equilibrium, if it has no lnear motion. [WBSCTE 2018]
Apswer: False
16. A couple can be balanced by a force equal to its magnitude. [WBSCTE 2018]
Answer: Fulse

17. A bady isclated from all vther supports which are in contaet to it is called a Free

body. [WBSCTE 2018]
Answer: True
I8, Turng the cap of a pen 15 not an example of 8 couple [WBSCTE 2018]

Amnswer: False

C. Answer the following questions:
19. Write short nates on equivalent couple, [WBSCTE 2017}

Answir:
Equivalent couple is one where two couples are having the same moment

D. Pick up the correct answer:
20, With usual notations Parallel Axis theorem states that
(AB =, + A7 1], =IAB= Al | IAB + I + A°K) [WBSCTE 2011]

Angwer: | = L, + Al

21, 1f three forces acting on & body in a-plane keep the body in equilibrium then (they
must meet at o point £ they must be parallelieither they will meet at a point or else
they should ke parallel), [WBSCTE 2013]

Answee: cither they will ineet ata point or else they should be parallcl.

22, Lami's theorem is applicable for (3 forces/any number of forces any number of non

coplanar forces), [WBSCTE 2013]
Amswer: 3 coplamar concurrent forees

POL-Me
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23, [ three forees acting on a body keep the body in equilibrium then {they must meet at
2 paint / they must be parallel / they either must meet at a point or else they will he
purallel), [WBSCTE 2015]

Answer: they either must meet at a point or else they will be parallel.

24. When a body is about 1o overtum about a point reaction at that point is [zeco /
maximum / cannoet be said) [WBSCTE 2015]
Answer: masimum

25, If 2 number of forces keep a body in equilibrium the magnitude  of their resultant is
{maximum / minimum / Zero). [WBSCTE 2015)
Answer: zero

26. The resultant of two equal non-collinear unlike parallel forces is (twice the forces /
zero / a couple), [WBSCTE 2015]
Answer: a couple

( Long Answer Type Questions _J

= 1. State Lami’s theorem. [WESCTE 2005, 2009, 2022]
' OR,
State and explain Lami’s theorem.

Answer: Refer ta Article No. 2 of Unit at a Glance.

[WBSCTE 2010, 2011, 2013]

S 2. A machine weighting 1500N is supported by two chains altached to some
point on the machine. One of these chain goes ta the eye holts in the wall and is
inclined at 30° to the horizontal and other goes to the hook in ceiling and is
inclined at 45° to that horizontal. Find the tensions in the two chains?

|WBSCTE 2010]
Answer:
Using lami’s theorem we get
A F, 1500
sin 120° sin 135°  sin 105°
sin 1207 .
F = 1500 x ——— = |837.1IN
sin [05°
&
F 21500 5035 _ joe8.07 i
s sin 105

S 3. A man and boy carry a weight of 300N between then by means of uniform
pole 2m long & weighing 100N, where must the weight be placed so that the man
may bear twice as much of the weight as that of the boy? [WBSCTE 2010]

FOL -4l
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Answer:
Lsing the law of equilibrium we get, - i |
2R+ R =400 A‘:._'_J l "
= 3R =400 = T
= R=1333N R WM oM i

Taking momenl w.r.l. point A, we get,
Rx2=100%1+30xx = x=0.555m

= 4. A string ABC has its extremities tied to two fixed points A and B in the same
horizontal line; to a given point C in the string is knotied a given weight W,
H'h{c" +a —b')

Prove that the tension in the portion CA is where a, b, care the

ded
sides and A the arca of the triangle ABRC. [WESCTE 2011]
Answer:
By considering ' .
T=aand I, =h Tl aspi
W=g
According to Lami's Theorem. we get
a - b . W

Sin(90°+ f)  sin(90°+a)  sin(180°—(a + )
T+, =W Lath=H W
By the propenties of triangles,

5 B (5 _ W
sin(90°— ) sin(90°—a) sin(a+ )
5““9;“ 7 = sin(f}{; = = slﬂ[:+ 5 [B¥ putting the value in the tnangular fipure|
a h W

Cﬂlﬁ COS T siﬂ-{ﬂ"'ﬂ:l
; :1::-;,()"'——1 ol yperties * A’ A= : “{sin )
a% 5 [ s 1

: 3 prope ac(sin &

The tension in string *AC" 15

" rl"ﬁ{c: xa' =B’

Py ] {Proved)

2 5 Two forees P, Q acting parallel to the length and base of an inclined plane
respectively, would each of them singly support a weight W on the plane; prove

[ L [WBSCTE 2012)

;): Q- “_1:'
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Answer:
Lot ¢r bethe inclinabion of plane, by Lami s theorem in the first case.
il i

Sin (0% 1 007 o)  sin90°
—-P——. 8

sinda

i
or, COSEC @ =—
£

By Lami’s theorem in the second case,

9] W
gin{'-‘r‘t]"+ I -a) sin[‘l[]“-u-u)
g . W
singE  Cosa
W
or, g =— )
L

Now, cosec a-cot'a=]

. E]"_[r’ »

- .lP QJ .
| 1 |

or, ST

F oW

= 6. {a) A simply supported beam has a span of 8.0 m length. It is subjecied to
uniformly distributed loading of 4 KN/m from left support up to 6.0 m length. It
is also subjected to a conceatrated load of 6 KN at a distance 2.0 m from right
support. Find the Sypport Reactions for this beam.
(b A roller of radius R = 300 mm and weight W = 2500 N is to be pulled over a
curh (nbstacle) by a horizontal pull P applied at the ¢entre of the roller. Find the
minimum value of P such that the roller can cross the curb,

[WBSCTE 2013]
Answer: £ ENim TkN
! cmé::ccr.nﬂﬂu__
A r
i- Bm - :HI—*
Ha . e
JEEN TN

Ra
L .\!
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R, R.=(24+ 2)kN = 26 kN i

Faking moment w.rt, point A, we ean write,
BoxB=24x342=6

R =10.5kN
R, =155kN

b)

When the roller starts rolling over the curb, contact between the roller and the ground at
B is lost, which means that the pround will not exert any force on the roller under this

condition, i.e, N =0 2500 N 7 .

For rolling the reller over the curb, net clockwise moment of all fiiue > about A must be

greater than zero.
e,  PxRsind - 2300 Reos@ >0
Since R=0 - P£>250cord

R—h

" Now Sing) =——
i

R
a_-ﬁin'[—‘q ‘I’J
R

M it'l.lll'l.l.l-ﬂ'i value of P is 2500¢ot & . where & =<in™' [ H;; h ]

@ 7A simply supported beam AB of span 4m is carrying point loads of §, 2 and
JKN at 1, 1 and 3m from the support A. Caleulate the reactions at the supports
A& B, [WEBSCTE 2014]
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Answer; LM N ThM

N
|

! L) 1
I 171 e 1M —ge!

Lsing the force equilibriumdand we get

R, + R, =(5+2+3)KN = |0kN

Now, taking moment at point A we pet

(R, x0)=(GxN—(2x - (BN +( B, x4)=0
: R,=§=4,Sk."-’

., The relation at the support A

R, =(10-45)=55kNand R, =45iN

=2 8 An oil drum of 500mm diameter and 1.5m long is to be rolled across a
footstep of 100mm high. Find the minimum push required at the top of the

drum. Take density of oil as Lkgflitre. Negleet weight of the drum.
[WBSCTE 2014]

Answer:

For rolling the oil drum over the foot step, net clockwise moment of all forces about A
must be greater than zero.
PxRsing—wx Reos G0
- R20 LP>weotd
Mow, w=weight of the oil drum
=mg=durg =d R H=p
=13 14%2.5 15981 N =288782Z N

And,
Bmﬂ;u
350 -
.'.9=sin"M= 36°
250

POLT-Me
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The minimum value of P is weot &
=2887.82 = cot 36"
=376 N

= 9 A heavy uniform rod of length 2 m rests with one end against a smooth
vertical wall, the ather end being tied to a point of the wall by a string of length
3m. Prove thal the rod may reamin in equilibrium at an angle *A’ 0 the wall,

given by: cos A = (5/12)™, [WBSCTE 2015
Answer:
If 3 force systems are in equilibrium, then 3 forces must meet at 2 point. .
Here [ is thal point
From geometry,
AR=8C=1m
Al=DE =1m
. o c
=CE=x =
From AACO= AC'=40F +1° 0 ) T
From AAEOQ= AE" = AQ" +(2x) B 1
3 T 2 3 e
o AET ~ ACT =(2x) -2 i ﬂ_l_
=3 =3 r.—-ﬁ
3
. gokg=—2 =J—3= 3 (Proved) W
AC 2 12

= 10. What is equilibriant force?
Answer:

Equilibriant force: Equilibriant force is a force, which brings equilibrium state. It is
considered tobe the equal and opposite of the resuliant force, Equilibrant force is the
farce, which keeps any object motionless and acts on vintually every ohject in the world
that is not moving.

For forces (£, F,,......). equilibrium (F) will be opposite to the resultant force (£, )

K+F=F=F, (Opposite direction)

[WBSCTE 2015)

S 11, Two forees IP = 40 N and Q = 60 N ucting parallel to the length and base of
an inclined plane respectively, would each of them separately supports a weight
W on that plane. Find the value of W, [WBSCTE 2015]

Answer: Refer to Question No. § of Long Answer Type Questions.
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= 12. A uniform ladder is in equilibrium with one end resting on the ground and
the other end against a vertical wall; if the ground and wall be both rough, the
coclTicient of friction being 0.35 and 0.25 respectively, and if the ladder be on the
point of slipping at both ends, find the inclination of the adder (o the horizon,

[WEBSCTE 2015)
Answer:
A uniform ladder of weight 117" inclined 10 the horizon at @ and 4w =0.35and w'=0.25
Resolved the forces about horizentally and verrically
R.+puR =P | {1
R =W+ iR, wece )

- Taking the moment of forces about point A, we get -
f
W x—cosB- 025« &, x(cosfi+ B x (sin@ =0

W !
— cosé+ E_ii-cnsaﬂ - R lsint =0

[ =) W
R.| =cosf—Ysinf |=——cosf
4 ¥

I

_.HTW“;
R"=|-‘7 veed: (MY
—cosé@ —sind
4
Solving (i) and (ii)
e P =035
© 10875

Put the value R. ineguation (iii)

W coso
P-03SW ™%

1.0875 -}mﬁ-sinr;

MNow, if the ladder be on the point of slipping at bath ends
; £=0
0350 ~0.5W cosd

1.0875 0.25cosé—sind
0.0875cosd - (L3%sind = 0.544cosdd
H.4565cos 8 = -0.358ind

sinfl _ (.4565
cosif 0.35
tan 8 = - 304
=525

PO T-Me
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= 13, Two identical prismatic bars PQ and RS, cach 150 N are welded tngether 1o
form-a Tee and are suspended in a vertical plane at P. Calculate the value of the
angle @ that the bar PO will make with the vertical when a vertieal laad of
200 N 15 applied at 8 of RS, [WBSCTE 2018)

Answer:

o
w21

We need to find out R' and )

Suspended along p. So, there acts the moment:

- momemtof ' = 6. . only need to find out #.
Let. PO=RS={,G and Q are the mid points of P () and RS respectively,

And ZOPN =8, thenZL.QT = Gurid #0051 = # (corresponding angle LLOT and #(ISL )
GM = PGsing = /) sin@

N = PUsind = isind

S/=SL-LJ :SJ.—QN:}’.: cos# —{sin0

Far. equilibricen,

S M e =05 200 81 ~ 150 % GM ~ 150% QN =0

f, : !
::IEUxEslnm ISDxIsm!):lml%wsb‘—!.sinﬂ]
= 425sin 4 = 100 cos &
—:v~l':u'n‘.F:i = @=13"2
17
S 14. A uniform wheel of 600 mm dinmeter, weighing 5 kN rests against a rigid
rectangular block of 150 mm height. Find the least pull, through the centre of

the wheel, required just o furn the wheel over the eorner of the block. Also, find
the reaction of the block. Consider all the surfaces to be smooth. [WBSCTE 2016]
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Answer:
[ -
Al 719 ) Tistm | e
| &0mm fE57 B 1 50mm
7 pu A A e R ]
IpSKN

Radius of thie siheel i = gmm — 300m

Let P = least pull required to tum the wheel,
So, from Z0AB, we get,
OB = [50mm [-: (300§ 50)=30mm]
AQ = 300mm [~ A0 is the radius|
150
ssinf=—,8=30°
300
MNow,
A = 4B < 0B°
= AR’ = 40° - OF°

= 4B =(300)" - (150)’

= AB =4J(300)’ -(150)’

=259,80 = 260mm . o

MNow taking moment about point A, considering body is in equilibrium,

Px300 - 5=260=0

S P=433KN

Let, R = Reaction 'the block,, * o

Since, body is in equilibrium, resolving all the force in horizontal direction and equate to
Zera,

Feos30° - Psin30®=0

S R=235KN

2 15, a) State, explain and prove Lami's theorem.
b) A string AC of length 24 ¢m is aftached to a point on
a smooth vertical wall and to a point on the surface of a
sphere of radius CO is 12 cm. The sphere whose ‘wei,n,ht _
is 100 KN hangs in equilibrium against the wall. Find the 777

tension in the string and the reaction of the wall. (Fig. 1)
[WBSCTE 2017)

Fig: |

POL = Me
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Answer:

a) Lami's theorem states that, af three concurrent forces act on a bady keeping it in
Equilibrium, then each force is praportional 1o the sine of the angle hetween the other two
forees

Let P, @, R be the 3 concurrent forces in equilibrium as shown in fig

Since the forces are vectors, we can move them to form a triangle

\ N Q
180-a
#
i
74
P 180 -
150 5 ’
3 #

Applying sine rule we get
P/(sing | 80-a))=Q/(sin( | B0—P))=R/(sin{ 180-0) )P/(sina)y=Q/ sinB)=RA sind)
...... Hence Proved

BCO=12em OB =12cm, AC=24 cm
QA=0C+AC=12+24=36cm
Consider, #O4R=§
. OB 12
Lsinf=——=—
a4 36
AR =907

5 LAOB =180° = ( ZO4B + £ABO) = 180° = (90° + 19.47°) = 70.53°

= 0=1947°

S Applying Lami's theorem we get
_r __ W
sin90°  sin70.53°
W sin90® W 100
== — = KN = =106.16 kN
sin 70.53°  0.942 0.942
R W

. sin210°  sin70.53°

sin 2190%

= R=W 5 —m,
sin 70,53

=W x0.53=53kN
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= 16, a) State and explain triangalar law of equilibrium,
by A body of weight 20 N is suspended by two strings § meter and 12 meter long
and cther ends being fastened to the extremities of a rod of length 13 meter. If
the rod is to remain horizontal, determine the tensions in the strings. (Figure

helow) % 13m g [WESCTE 2017)

Answer: W=20M

a) Three forces in equilibrium can be represented in magnitude and direction by the three
sides of a triangle taken in order,

As an cxample of an object in equilibrium. consider an object held stationary by two
ropes in the armangement below: N

Let us draw a force diagram for the object. In the force diagram the ahject is drawn as a
dot and all forces acting on the object are drawn in the correct directions starting from
ﬂ_m dot. In this case. three forces are acting on the object.

Each rope exerts a force on the object in the direction of the rope away from the object
Since the object has mass, it Is atiracied towards the eentre of the earth.

dince the object is siationary, the resultant force acting on the object is zero. In other
words the three force vectors drawn 12il-to-head form a closed triangle.

In generzl, when drawn tail-to-head the forces acting on an ebject in equilibrium form a
closed figure with the head of the Jast vector joining up with the teil of the first vector.
When only three forces act on an object this closed figure is a triangle This leads 10
the triangle law for three forces in equilibrium,

b} From the figure, we get -
LACH =90%

5
Let LCAR=er then sine =1—;
Let Z4CD = § then f=(%0-a) weell)

For the rod to remain horizontal, all forces in the © direction and » direction must be in
equilibnum

YF=0 = [sinf Isina=0 e ()
ZF. =0 = Teos@+T,cosa=20 o H?.."f "
From Egns, {1 )and {2) we get, e B
Lsin(90 -a) - T,sina =0 b
= Teosa=T sina=1(

T AR
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i=ﬁinﬂ=tana I* im o
I, cosa A 2] c
Again [rom Equs. (1) and (3)
Teosfl+ T cosa =20

=

= T cos(90 - a) + Tyeosa =20 B alkie
= T osine + 1) cosee =21 5
. . _ B
= Tsine+ T cose-cota =20 Tl Y f{
- cose
= T sina+ T cosa-——=120
\ sin
+ it
£ I sina + T Iﬁazzﬂ
I'. 5N
ol -
sin’ @ +cos” @
= T|————|=20
sing
1
= L x——=20
sin cx

"
=5 ﬁ:iﬂsina=1ﬂx:—;=13.4ﬁﬂ

=T cote=18.46 x1—52~=?.69N

= 17.a) State the conditions of equilibrium.

b) Forces each of 4N in magnitude act along AB and CD of & square ABCD and
forces each of 6N in magnitude act along the sides AD and CB respectively in the
sume square. Find the moment of the couple which will produoce equilibrinm.
Length of each sides of the square is §Gmm, [WBSCTE 2022]

Answer:

_a) Refer to Article No.1 of Unit ar a Glance.

b) Let us, consider x-y coordination system.

The resultam of all the forces is I'D .

F=F +F+F+F, ol R I
Length of ach side of the square ' A
AR=BC=CD=DA=80mm=008m -
Foree ail B = 6N &N Ji =
Faree ol C = 6N 1 AN
Force ot [ = 4N

Foree it A = 4N

a) The moment of couple C about point A A . "5

S Forceat © = Length AR = 6 = 0,08 = (.48 Nm.
POLY-Me
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) The moment of couple at [ about |:mi|:l A
S Foree ot D= Length AD =4 x 008 = 0.32 Nm.
.. Resultant moment of all forces about A= 0.48 + 0.32 Nm= 0.8 Nm

= 18. ABCDEF is a rectangular hexagon, forces of 3, P, O, 5 and 4N are acting
along AB, CA, AD, AE and FA respeetively and are in equilibrium. Determine

the value of P &0Q [WBSCTE 2022]
Answer:
ABCD isarectangle in which AB=4m&BC=3m,
Then. tan:‘i‘aEE'- =’—3-'
A8 4
The forces 3, P, 5, 4 and Q N have the resultant R as shown in figure;
Reoos#+5-3 o 3 ¢
= 0cosP+2 oA} *
Rsind=F +4-Qsind ) R
= UdBsinf 4+ 5B =448 ik S ‘4 p
4
::-Q.4|,E}+5H3-—-4x4 [.'.s:m‘ﬁ'=E and cnsr‘i'fv} o
L3 \ 5 5}
12 A i
= 0=16g)5
5
S=—N
e 12
Find R from (i) and P from (ii}
4R 5 4
—=—x—4%12
5 &5
5 ; .
:ﬂ:il+2J
i A3
:jk;sz
3
35 35 3 5 .3
L R Pl e
A= ™ 2% 12°5
refe
4
:‘.I-E—1-—,P+E
4 3
1§ 7
=
& 4
.'.ini-zl
4
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Unit 4: Friction H

Unit at a glance:

1. Definition
¢ When a body moves or tends to move over another body, a force opposing the
motion develops at the contact surfaces.
Terminology Definition
Sliding friction  Encountered commonly m the case of two solid surfaces having a
tendency of relative motion,
Rolliig Friction  Resistence between two surfaces is experienced when they roll over each
ather. | -
Fliid friction Resistive force s offered by a fluid to body which moves over or through
it
Limiting friction  Maximum value of frictional force, which comes inio play, when the
maotion is impending.
Stafic friction Applied farce is less than the limiting friction, the body remains at rest
Dynamic friction  Applied [orce exceeds the Limiting friction, the body starts moving over
ihe other body.

2. Laws of Friction \

I'he results of experimenis conducted by Coulomb are known as Laws of dry friction or

Laws of Coulomb's friction. They are as follows:

(1) The direction of friction force always acts in a direction oppesite to which the body
tends to move.

(2) The frictional force developed is independent of the area of contact.

(3) The total frictional force depends on the roughness of contact surfaces.

(4) The frictional force is equal to the force applied to the bady, so long as the bady is al
resL

5) The coeffieient of Kinetic friction is less than the coefficient of Static friction over a
wide range. -

{6 The total frictional force is proportional 1o the normal Reaction force ie., (F 2o N,

3. Coefficient of Friction

The total frictional force is proportional to the normal reaction force
SF=pN oAy

le, Fec N

Where, F = Frictional force developed in the comtact surface, N = Normal force and

pi = Coeflicient ol friction,

.
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Thus, the coefficient of friction is defined as the ratio between the limiting friction and
the normal reaction

Hence, = o=
f N

4. Angle of Friction

When the force of friction is limiting, the force of friction F and the normal reaction N
combined gives a resultant force R as shown in Fig. Here the angle ¢ is called the anple

of friction. 2

tan ¢=-E-=;:

5. Angle of Repose

The maximum inclination of the plane on which a body, free from extemnal forces, can
ship.

S F, =Ogives. F -Wsina =0, F =sina
Y F, =Ogives, F - W cosa =0,F =cosa
a=angle of repose
from the above equation we gel, -—;-:taﬂr:
Comparing equation, we get,

Ji=1ang=tan@

Lp=a

Thus, Angle of repose, fa] = Angle of friction, (4)
Limiting friction i

1t is the maximum value up ta which static friction can rise and balance a given externally
applied force and beyond which it cannot rise, is called limiting friction,

POLY Me
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( Short Answer Type Quesﬂtms j

A. Choose the correct answer from the given alternative:

L The angle which an inelined surface makes with the horizontal when a bodv placed
on it is on the point of moving down is known as - [WEBSCTE 2006]
(a) angle of [riction (b} angle of limiting friction
(c) angle of repose {d} angle of inclination

Answer: (c)

2. When a body is about to move upwards in an inclined plane by application of a furce
the frictional force wall act - [WBSCTE 2013)
() upward the inclined plane
{b) downward the inclined plans
ic) in the direction of applied force

Answer: (b)

3. The force of friction always acts in & dircction oppesite to that [WESCTE 2014]
{a] in which the body tends to move (b} in which the body is moving
(¢} both af the two (d) none of the two

Answer: (a)

4. The magnitude of the force of friction between two bodies are lying above the other,

depends upon the roughness of the [WBSCTE 2014]
{a) upper body {b) lower body {c} both the bodies
Amnswer: (c)
B. Fill in the blanks in the following statements:
8. Angle of friction is equal o angle of repose [WBSCTE 2010]
6. The L:a[iu of limiting friction and normal reaction is known as ca-efficient of static
friction. [WBSCTE 2011]
7. For a perfect Elastic collision coefficient of restitution is 1. [WBSCTE 2011]
& Frictional force depends upon mature of the Surface. [WBSCTE 2013]
9. By application of a force when o body is about to rise along a rough inclined plane
the frictional force acts along down the inclined plane. [WBSCTE 2015]
10. Coeflicient of friction is the ratio of the fricilomal force divided by the normal force,
[WBSCTE 2015]
1L When [rictional force ( # ) increases, the ratio between F and normal reaction (V)
Increase. [WBSCTE 2016]
PO -Mi
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12. The angle which an inclined surface makes with the horizontal when n body placed

an it is on the point of moving down is known as angle of repose.  [WBSCTE 2016]
13. Maximum valye of static [riction is known as lmiting frietion [WBSCTE 2016]
4. Dynamicor Kinetie friction is always fess than the static (viction, [WBSCTE 2017]
L5, Frictional force is directly proporional o pormal reaction [WBSCTE 2017]
16. CoefTicient of friction depends upon uature of the surfaces [WBSCTE 2022)

17. A heavy string attached at two ends at same horizomal level and when central dip is
very small approaches the following curve Parmbola, [WBSCTE 2022]

18. Friclional force encountersd after commencement of motion is called dyramic

[riction. [WBSCTE 2022]

19. The skidding away of the vehicle on a level circular path can be avoided if the force
of friction between the wheels and ground is- less than the centrifugal farce,
[WBSCTE 2027

20. The slope on the road surface penerally provided on the curves is known as- gngle of
hanking. [WBSCTE 2027)

21. On a ladder resting on smooth ground and learning against vertical wall, the force of
friction will be upward af its upper end. [WBSCTE 2022]

22. The velocity of a body on reaching the ground from a height h, is W2HG)
s [WBSCTE 2022]

23. The ratio of static friction to dynamic friction is always greater than one.
[WBSCTE 2022]

24. A flywheel on a motor goes from rest to 1000 rpm in 6 sec. The number of
revolutions made is nearly equal 1o =50, [WBSCTE 2022

25, The angle which an inclined plane makes with the horizontal when a body placed on
it is ahout to move down is known as angle of reposes. [WBSCTE 2022]

C. State whether the following statements are True or False:

26. If = angle of friction, the coefficient of friction s equal to “lan #°
[WBSCTE 2008, 2010)

Answer: True

PO My
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27. Friclion is not always harmiul, [WBSCTE 2010

Answer: Truoe

28. Fora ladder resting on floor and a wall the floor may be smooth {frnction less)
[WBSCTE 2011]

Answer: False

29, Frictional force always acts in the dircction of tendency of motion.  [WBSCTE 2012

Answer: False

30. A ladder will be in a stable condition il the resting wall is smooth.  [WBSCTE 2013)

Answer: False

31. Angle of repese is equal 1o angle of friction. ‘wescTe 2013]
Answer: True
32. Angle ol repose is equal to angle of friction. [WBSCTE 2014}

Answer: True

33, If a Indder is not in equilibrium against & smooth vertical wall, then it can be made

equilibrium by decreasing the angle of inclination. [WBSCTE 2014]
Answer: True
34, Angle of Repose is equal to angle of foction. [WBSCTE 2015)
Answer: False
35, In 81, the unit of co-cilicient of friction is Nm-1. [WBSCTE 2016]
Answer: False
36. Scmi-central angle in cone of friction is equal 1o angle of friction.  [WBSCTE 2017

Answer: False

37. The foree of friction between two bodies in contact is always normal to the surface of

their contact [WBSCTE 2018]
Answer: False
38, Angle of repose is equal to angle of friction. [WBSCTE 2018]

Answer: True

D. Pick up the correct answer:

39. Frictional force is (greater than applied force/less than applied force/self adjusting

foree) [WESCTE 2011)
Answer: Self ad] usting force

POLY-Me
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40. With the change in surface area with constam weight the frictional force (increases/

dec reases/remains unchanged) [WBSCTE 20132)
Answer: remeins unchanged
41. The Law of Limiting Friction is given by (F = uR! uF = R/ F = R)
[WBSCTE 2013]

Answer: F=uR

42. The angle of friction is the angle between (frictional force and nommal reaction f
Resultant reaction and normal reaction / frictional force and resultant reaction),
[WBSCTE 2015]
Answer: frictional force and normal reaction

43. In an inclined plane frictional force always acts (down the inclined plane / up the
inclined plane fagainst the tendency of motion). [WBSCTE 2015]
Answer: against the iendency of motion

44. Anideal machine is one where fnctional loss 1s (maximum / minimum [ nil).

[WBSCTE 2015]

Answer; nil

( Long Answer Type Questions )

< 1. Define the term friction. How does it come into play?
Answer: ) ) )
When & hody moves or tends 1o move over another body, 4 force opposing the motion
develops-at the contact surfaces.

[WBSCTE 2003, 2008]

= 2. Explain the terms — (i) eo-efficient of friction (i) angle of friction (ifi) limiting
friction (iv) angle of repose, [WBSCTE 2003, 2008]
Answer: Refer to Article No. 3, 4, § of Unit at a Cilance.

< 3. Explain the useful and harmful effects of friction. [WBSCTE 2004)
OR,
Write a short note on Useful and harmful effects of frictions, [WBSCTE 2016]

Answer:

Useful effeet of friction:

(i) Screws or nails would not stick 1o wood. .

(i) Walking would have been impossible without friction as the force exerted on the feel
would cause then 1o stop in absence of friction. That is why it is difficult 10 walk on a
pond of ice.

(iii} Brakes would not stop cycles or motor cars as there would be no foree, necessary o
stop the motion of the wheels,

PN =M

—
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Harmful effect of friction:
(i) It causes much of the wear and tear of the machinery and heating of its parts. The
energy spent in overcoming friction is dissipated in heat and is not recovered,
(i) It reduces the efficiency of the machines and often causes much of the wark dore by
effort to be wasied ’
(iii) Friction may somelimes cause fire.

2 4. Define an gle af friction and angle of repase and show that they are equal

[WBSCTE 2009
OR.
Prove that angle of repose equal to the angle of friction [WBSCTE 2008)
OR.
Define angle of friction & angle of repose is the relationship between them.
4 . [WBSCTE 20M0]

Answer:
Refer to Article No. 4 af Unit at 2 Glance.

S 5. State laws of static friction,
Answer:
Rejer to Article No. 2 of Unit at a Glance.

[WBSCTE 2009, 2016, 2018)]

= 6. A force of 200N is required just to move a certain body up an inclined plane
ol angle 20° the lorce is acting parallel (o the plane. IT the angle of inclination of
the plane is made 25%, the force required parallel to the plane is 230N, Find the

cocfficient of friction and weight of the body. [WBSCTE 2009, 2016)
Answer:
R=HW cos#

Let, coefficient of friction 1s u

Let £, is the frictional force

Fis the applied force,

S0, F +Wsing=F

When, &#=20°, Then F = 2008

. apgain, £ = ufR

o g eos 200+ sin 20° = 200
200

4teos 20° + sin 20°

When = 25° then £ = 230N

AW ens 25+ Wsin25 = 230

o = — -23[! =
peasds® +5inds®

Equating (i) & (i) we pet -

or, W =

(D

(i)

POLY-M:
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200 ) 230

u_«u_x A =sin20"  weos?5E 4 sin 25°

or 200w = 0.906 + 0,422} = 230( 1 x 0.939 + 0.342)
ar, 4 » 34,77 =05.74

Soa=0165

200 - 200

- - = 402.36N
pcos20°+4in20° 0,165 x0,939 = 0.342

Againwe get. W =

= 7. The force required to pull a body of weight 60N on a rough horizontal plane is
15N, Determine the coelficient of friction if the Toree is applied at an angle of 15°
with the horizontal. [WBSCTE 2010]
Answer: =

In equilibrium z vertical compeonent =0 &
Y Harizontal component =0

- 15N
FP=15N, F=Pcos# ina 4P .
San oo
=5=cosl§ =14.49N i an
agrin. F — R =0 *
FFFIFIIIT PP FFFIFF.
= [449 = =60 v

= u=024,

= 8. A uniform ladder of weight 1000 N, inclined to the horizon at 45°, rests with
its upper extremity against a rough vertical wall and its lower extremity on the
ground. Find the least horizontal force which will move the lower end towards
‘the wall. Given 0.25 and 0.20 are the co-efficient of [riction at the lower and
upper ends regpectively. [WBSCTE 2011, 2017)

Answer;:

I =length of the ladder

T u,= -mmf{-mm' - F, xlcos43® + R, »{sin43° =0

z,-\.fu =0 (by cansidering equilibrium) Ks
ar,—Smwfnﬁ—ﬂ.'lﬁhr&nh:‘%-rﬂ_ wlx :}5 0
306 1 5ﬂﬂv|'+ﬂ.2.'i.:ﬁ'_,,-|
g, oot
V2 V2
R, 500 0254,

:}E:E_: .;2 s r-:I, ;... A 1]
= Ry =500 + 0.25R, N o2

YL Ne

Friction “n.!‘l

= R, (1 -0.25) = 5(0)
5041

= = 666 66N
075
Components along y axis:
F o+ Ry = 1000 F, =000 -r, =333,33N
Fo33331
R=—t=——+— R.= 6
A M, 020 F=INEY

Least horizontal force that will be actual to move the ladder towards the wall is equal to
frictional force &, =166.66N. (Ans )

< 9. A metallic chain of length 100 cm is partially resting om a rough horizontal
table and part of the chain is suspending from the end of the table. If the
coefficient of friction between the chain and the table is 0.4 find the maximum
length of the chain that can be suspended under equilibrium condition,
[WESCTE 2017]
Answer:
Let mass/em of the chain is s gm/cm.
- Weight of x length = x = m < g gm
Weight of (100—x) length = (100 —x)xmx g silsurmra]
MNeow for equilibrium
x(mhg=[lmlwr)xmxgxu.4 ¥ im
r=04x(100-x)=40-04r
l.4x =4

X =—‘1ﬂ =28.57 m.
1.4

That i« the length that can be suspended from the tahle.

= 10. Determine the horizontal force P to be applied to a block of weight 500 N 1o
hold it in position on 2 smooth inclined plane which makes an angle 30° with the
horizontal, [WBSGTE 2013]

Answer:

EF. =0 gives, ' ¥

P eos 30 = 500sin 307

P=s500x 23 N aggersN

cas 3 '

E:F_ 0 gives,

= (50000830 + 2B8.6755in30%)N
= (453 + 144, 3)N = §77.33N st

* The horizontal torce applied to a block = 288.675 N

PO X-Me
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= 11, Awelght 300N just starts moving down a rough inclined plane supporicd by
# foree of 100N seting parallel to the plane and it is at the point of moving up the
plane when pulled by o force 200N parallel to the plane, Find the inclination of
the plane with the horizontal and the coefficient of friction between the inclined
plane and the weight. [WBSGTE 2013)
Answer:
Case— 1

ZF- =0 gives,
F o+ 10 =300sina

or, HE 100 = M0sina o] i
e R=300cosar e (2]
Case-1
ZF’, =0 gives,
200 = F, +300sina
= R & 3Msina i (3)

From (1) & (3), we can write,
LR +100=200- 4R

or, 2uR=100
uR =50
50+ 100 300sina
: 150 |
P SiNQ =—==—
g 2
a=30° g
R=300cos30%N =252 8N
3(!3.1%—109 .
,u-—HEs—-D.I*}..

2 12. A uniform ladder of length 3 m weighing 150 N is placed against a vertical

wall with angle of inclination with the horizantal 60°. The coefficicnt of friction
between the ladder and the wall is 0.25 and between the floor and the ladder is
0.35. The ladder in addition to its ¢!l weight has to support 8 mun weighing
500 N at a distance 2 m from hattom end of the ladder. Caleulate the minimum
horizontal foree to be applied at the bottom end of the ladder towards the wall

to prevent slipping. [WBSCTE 2013]
ARSWer:
c—'ﬂ; = sin 60°
Al
L OB =356
L FT

Me.53

'E = cos 6"

oAl = 3cos 607

The weight w0 =150N of the loader AC acts vertically downward through its midpoint
(i

Let the minimum horizontal force F o be applied at the bonom end of the ladder *A’
towards the wall 1o prevent slipping:

In addition the weight of man W_ = S0ON
on the ladder AF ac1s vertically downward
through its point I,

Besides, the following forces are acting on
the ladder

&y . the normal reaction of the wall acting
at C and R;, the nommal reaction of the
ground acting at A.

At C, the frictional force o K, towards CB

and at A, the frictional force g R.towards 5

2] o B
AR,
At equilibrium, the force acting in the horizontal direction, we get
R4, - F=0
or, F =R+ R,

Mow, considering the forces acting in the vertical direction we get,
= 150500~ R =0

SoMy = R 650

SF S Rk (i R+ 650)

Agaun, the algebraic sum of the moments of the farces acting on the Isdder w.r.t the point
A should be zero.

R -CB- Ry, AB-150 AD~500 4E =0

B - F - 8in 607 — g4 R, 3 Cog 60° - 150(1.5 cos 60°) - 5002 Cas60° = 0

A

3 |
TR R 32255210001 =0

.'.RL[!—-{—E--U.E.‘- %]-1 125-500=0

= -

2.5
8123 27552

e

7 F =275.52 40.35(0.25%275.52 + 650) = 527.1 3N

- The minimum horizontal force 1o be applied at the bottom end of the ladder towards
the wall Lo prevent slipping is 52713 N

SR
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2 13, A body resting on a rough horizontal plane, required a pull of 180N inclined
ai 30° to the plane just to move it. 1t was found that a push of 200N inclined at

30° to the planc just removed the body. Determine the weight of the bady and

the coefficient of friction.

Answer:
From equilibrium condition

R, +180sin30° = w - ()
and F =180cos30° o (i)

where, R, =Normal Resction
w="Weight of the body
F, = Frictional force

In figure we get
Again from equilibrium condition,

£, =w+2005in30° - (31)
and F =200cos30” iV}

Dividing eq. (1) and (iii) we get,
&, w-|80s5in30°
R w+200sin30°

|
150 1805 an_is0

5% o T ip 4
200 “-4.1[]0:._1’ 2w + 210

or, |8w+1800=20w-1800

or. 2w=3600

SW =!8l]p.’\-’

. The weight of the body = 183 48 kg (Ans.)
From equation (i) we get.

f 1°
i = B — | R = ON
R =w~180 sin30° = 1800 ILIEG:EJ 1710

From equation (ii) we pet

4R =180cos 30°

. = il Um1

“H==0 :

- The co-efficient of friction y=0.091 (Ans.]

Me.64

[WBSCTE 2014]
B
Psina =30 z
Fi *+—
R-. -
0N
o= i
D '
F: #— -
e e
Fow
PN E-Mie

Eriction

Me.€5

= 14. An uniform ladder 5m long rests on & horizontal ground foor and lens
against a smooth vertical wall at angle of 60° with the horizontal. The weight of
ihe ladder is 90N acts at the middle. The ladder is at the point of shiding, when
a man weighting 750N stands on a rung 1.5m from the bottom of the ladder.
Calculate the coefficient of friction between the ladder and the floar,

Answer:

Given data:
f=5m

@ =60°

- Weight of the ladder (w )= 2008

S Weight of the man (w,) = 750N

[Mstance between the man and bottom of ladder = 1.5m

Foerce acting on the ladder are shown in given figure.

Let, s, = The co-efhcent of friction between ladder and foor

and R, = Mormal reaction on the floor

. Resolving the forces vertically,

R, ={(900+ 750)N =1650N

. Force m Pis

F=poaR o= %1650

New taking moments about R and equating the same, we get.

s R Ssin b0 = F « Spos60P )+ (900« 2.5 4in 60°) + (750 « 3.55in 60™)

53 f o 5 a i
Hi —i——'[p,.xlhjﬂxsl-l[mxliuz— +Ljiﬂw3_5'&%‘
L1650 x 5:'? =4125 y, +1948.5+ 227325

1
i Ty

[WBSCTE 2014]

< 15, Determine the horizontal foree P to be applied 1o a block of weight 450N to
hold it in position on a smooth inclined plane which makes an angle J0° with

horizontal,

[WBSCTE 2014]
POLIT M
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Answer: ¥

At Equilibriom: " V'
LY E, =0 gives
= Meos 30F = w sin 30°
1 .2 "
« P=450x—x—=260N !
2 3 sk i

*. The horizontal force applied 1o a block = 260 N

Wo=mg = 430X

= 16, A body of weight 70 N can just be sustained on a rough inclined plane by &
force P = 40 N and just dragged up the plane by a force Q = 60 N, P and () both
acting up the line of the greatest slope. Find the coefficient of friction betwetn
the body and the inclined plane. [WBSCTE 2015

Answer:

Case-I:

Y F, =0 gives
F, +40=T0sin#
or. LR +40=T0sin# —

and R="Tlcos# v )
Case-11: -

EF,, =0 gives
60 = F. + TOsin@
or,  60=pR+T0sind . (3)

From (1} and (3) we can write
WP+ 40=60— uR

2uR=20
HR=10
Tosin&=10+40= 350
a0
g 20
sin =
. ip i
=35 5=4553
R=T0x06998=4898=49N
10
=—=0204
ST

. The coefficient of friction between the body and the inclined plane () = 0.204

PO y-Me
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2 17. A chain of length 1.0 m is partly suspended fram a horizontal rough table
and is parily on the table. IT the coefficient of friction between the chain and the
table be 0.3 find the maximum length of the chain that can be suspended from
the tahle to keep the system in equilibriom. [WBSCTE 2015]

Answer:

Let massiem of the chain is mgmicu.

s Weight of x emilength=xxm=gN

2 Weight of (100 - x) cm length=m= g N

Now for equilibrium
Ixm!g‘—(lm-xjmmx,ﬂxﬂ}
s =30m-03xrm . .
1 3xm=30m

Rl
r=—=23cm.

[.3
. The maximum length of the chain that can be suspended from the mbie 10 keep the
syatem in equilibium =23 cm

= 18. A metal block of weight 100 N s resting on a horizontal surface. The co-
efficient of friction between the surfaces being 0.35. A pull 5 exerfed on the
block by means of a string inclined at 45° 10 the horizontal which is sufficient to
canse motion of the hlock. Caleulate the magnitude of force exeried by the
string. [WBSCTE 2016]
Answer;
Fop=mg—Fy-T e
Mo acceleration in vertical direction, Fe =10 |
Fy=mg—- 1Ty
= mg — T sind T
=100 - Tsind3®
=100 - 110.7071) ' T
Froi = Tu= Fy Noace. In honzontal axis, F.= 0
AT, = F, =T, = Tceas45°=1(0.7071)

F, = uF, =(0.35)(100N) - T'sin 45° = 35- T(0.7071)
s

= I'(0.7071) = 35 - T{0.7071)

2r(0.7071) = 35

5
i e B LGN

2x0.7071 14142

mg

POLY-M:
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= 19, (a) Define limiting friction and normal reaction.
(k) A body resting on a horizontal plane required a pull of B0 N inclined (o 307
to horizontal jus to move it 1t was also found that a push of 100 N inclined at
30° to the horizontal just moved the body, Find the weight of the body and eo-
elficient of friction. [WBSCTE 2017]
ANswer:
1) Limiting friction: Maximum value of frictional force, which comes imo play, when
the motion is impending. .
Normal Reaction: The force exerted by a surface on an object in contact with it which
prevents the object from passing through the surface; the force is perpendicular to the
surface, and 15 the only [orce that the surface exeris on the object in the absence of
frictional forces.
b) o= 30
Peoser

Pina

W

When the block 15 pulled When the block is pushed
where, W =Weight of the body
’ R = Normal reaction
u = Coefficient of friction
Resalving the forces when the block is pulled we get,
F = Pcosa = 80cos 307 =80 = 0.866 = 6Y.28N

R=W - Psina =W —80sin30° =(W - 40} N
L6028 = pR = uW - 40) )
Resalving the forces when the block is pushed,
F=Pcosa=100c0530°=B6.6N
R=W +Psina =W +(100x0.5)= (W +50)N
$6.6= (I +350) - Ail)
Dividing (i) by (ii) we get,
69.28 _ p(W -40)
866w +50)
= 69280 + 3464 =B46.61" - T464
=17.33W = 6928

=W =400N .
Now substituting the value of W in equation (1)

69.28 = u(400-40)
= p=10.192

P -Me

1

Eriction

= 20.a) Prove that angle of repose is cqual to the angle of Friction,
b} A load W acts on an inclined plane of mclination & 0 the horizantal. IT the
co-efficient of friction is 4, show that the harzontal force necessary o move the

Me &9

an
load up the plane is elisdiizh <W.

1— gatan e

Answer:
u) Refer ro Article No. § af Enit at a Glance.

b)

W Wi

The body is in equilibrium under the action of the forces shown in above figure.
Resolving the forces along the plane

FPeostl=Wsind + uR adl)
Resolving the forces normal to the plane

K= Psind+ ¥ cos ) o (11
Substituting the value of R is in equation (i)

Peos=Wsin @+ px (Psind + W cos 8)

= Wsind + pusinf + 4 cos

or, Foost — e Psin = Wsin 0+ ubV cosd
or, Plcosfl - usin®) = W (sind + ycosd)

i P—.W{nng*’“ﬁm{ﬂ;;l'x; u+1and )
(cos# — pisiné) A= atan@

2 21. Define the terms *Coeflicient of friction’ and * Angle of friction’.

[WBSCTE 201
Answer: B

Co-eMicient of friction () : 1t is defined as the ratio of the limiting force of friction (F)
10 the normal reaction (R) between two bodies. It is denoted bv the svmbol . Thus
_ Limiting force of friction S

Nommal reaction R
F=uR

FOLF-Mr
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Angle of friction (¢): It is defined as the angle made by the resultant of the normal

reaction (R] and the limiting force of friction (F) with the normal ‘n:al:l.ium [ 8 N U
denoted by ¢ Figure below shows a solid body resung ona rough hotizantal plane
W

e o PR R

F
Fig: Angle of friction

Let § = resultant of the normal reaction (R) and limiting force of friction (F)
Then angle of friction = ¢ = Angle between Sand R
From figure above, we have
F ¢R
=—="— v F=uR)
wag=—="o [
= p = Co-efficient of fnction

= 23 A metal block of weight 200 N is resting on 2 horizontal surface. The co-
efficicat of friction between the surfaces being 0.3, A pull is exerted on the block
by means of a string inclined at 30° 0 the horizontil which is .r.:l'l'trienll to cause
motion of the block. Calculate the magnitude of force exered by the ’m“fgzl —
ANSWer: &
F=mg-F,—T
-+ No acceleration in vertical direction, £, =0.
F,=mg-T,=mg-Tsin0
=200~ Tsin30° = 200 - 7(0.5)
F_ =T, - F, . No acceleration in honizontal axis,
F, =0

T =F =5 T =Tensi0" =T(0.866)

F, = uF,=(03)(200) - T'sin30° = 60 - r{o.5)
=¥,

=  T(0.866)=60-7(0.5)

= 1.3667 =60

J- :—Eg—-*- .‘243 qJ'N
1.366

POLT=Me

Unit 5: Centroid and Centre of Gravity u

Unit at a glance:

1. Centre of gravity

Eﬁb:\in[ through which resultant gravitational force (weight) acts for any orientatien of
¢ body,

2. Centre of Mass

The concept of the centre of mass is that of an average of the masses factored by their
distances from a reference point. In one plane, that is like the balancing of a seesaw about
d pivot point with respect to the targues produced

LE ]

Tm

| Centre al J

ey, ol

. £ @.
ot ‘_=m,f + AT

3. Centroid ié e

A point in a plane area such that the moment of area sbout any axis through that point is

zero, '

4. Centre of Gravity

Methads of finding centroid of a plane figure.
* By geometrical Consideration

e By methods of moments

5. Centroid of a plane figure by geometrical Consideration

The position of the centroid of certain simple plane figure can be seen by visual
Inspection.

i) IT figure has two axis at then intersection rect angular section

i) IF aren possesses an axis of symmetey

iii) Centroid is located on that axis

iv) T like section

If arca possesses of centre of symmielry

1) Centroid with its centre of

iy Z like section
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Examples
1} Centroid of 2 steaight line or uniform rod,
Centrond lies on the middle for a straight line or a uniform rod.
IF straigh fine’/ uniform rod having length 1 then (centroid located at 12 from cither
end)
2) Centroid of o rectangle or Paralielogram
Centroid located at that paint where dingonals moet cach other,

6. Triangle ‘

Centroid is located at that point where medians are intercept 2ach other.

7. By methods of moments

This is calculzied with reference to some axis called axis of reference. This axis usually
taken at the lowest edge of the figure to calculate v and left edge o ealeulate X, where %,
y are the co ordinates of its centroid with reference to axis.

( Short Answer Type Questions )

A. Fill in the blanks in the following statements:
1. The distance of CG of a solid hemisphers having radius 't from the base is %r
[WBSCTE 2009, 2012]

2. Moment of Inertia 6f a rectangle of widih b and height h about its base is f = l]—zM’
4 [WBSCTE 201

3. The c:nt.mid of a semi circular lamina of radius 10 em is at a distance %cm from
its diameter. [WBSCTE 2013]
4. The centroid of an unsymmertrical lamina can be determined by compaosie method
[WBSCTE 2013]
5 The centre of gravity of an equilateral riangle with cach side (a) is Eﬁ; k
" [WBSCTE 2014)

6. The centre of gravity of a right circular cone of diameter () and higher (4) lies al a

distance of T’:' from the base measured along the vertical radius, [WBSCTE 2014]

P T=My
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7. The centre of gravity of an isosceles wriangle with base (p) and sides (q) i

1
%.”I ¥ -J:— from its base. [WBSCTE 2014]

8. Fora hemisphere of circular base of radius R, the location of centre of gravity is at a
height %.ﬂ fram the plane surface [WBSCTE 2015]

9. The C.G. of an equilatéral triangle with each side * o is at a distance g/ .‘-l»f-] from
any of the three sides, [WBSCTE 2018]

10. The C.G. of a solid circular cone divides the height in the ratio 4. [WBSCTE 2017]

11. The centre of gravity of a right circular cone of diameter (a) and height (h) lies ata
distance ol &4 from the base measured along the vertical radius. [WBSCTE 2018]

i

12. C.G. is the point through which the whole weight of a body may be assumed to act
[WBSCTE 2018]

L3, The centre of gravity a T-section 100mm* 1 50mm=30mm from its bottom is -&7.5.
[WBSCTE 2027

4. From a circular plate of diameter bem is cut out a circle whose dismeter is a radius of
the plate. Find the C.G. of the remainder from the centre of circular plale-0.5 e
[WBSCTE 2022]

B. State whether the following statements are True or False:

15. The centroid of a circle is its centre [WHSCTE 2008]
Answer: True

16. There may be more than one centre of gravity in a hollow section  [WBSCTE 2011)
Answer: False

17. Centre 0f gravity is a unique point |WasCTE 2012
Answer: False
18. Linit of Moment of thertia is mm”, |WESCTE 2012]
Answer: True
19. Position of Centroid may change if Reference Axis is ¢ hanged [WBSCTE 2012)

Answer: True

PO =0
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20, There may be two numbers of centre ol gravity in an unsymmetrical objeet,

[WBSCTE 2013]
Answer: False

21. Centroid corresponds to solid whereas centre of gravity corresponds 1o plane lamina, .
[WBSCTE 2013]
Answer: False

22. The centre of gravity of a triangle lies al a point where any two medians meet each

other. [WESCTE 2014]
Answer: False

23. The centre of gravity of a semicircle lies a1 a distance of 3r/4x from its base
measured along the vertical radius (r). [WBSCTE 2014]
Answer: False

24. Centroid of a lamina of remaining portien is shifted from its original position away

from the cut out hole on the lamina [WBSCTE 2015)
Answer: True
25. Tn locating centroid of a body, we apply principle of moments. [WESCTE 2016]

Answer: True

26. The C.G. of a semicircle lies at a distance from its base measured along the vertical
radiug is 4r/3x. [WBSCTE 2015]
Answer: True

27. Centrdid of a triangular lamina lies a1 a point where its three medians meet.
[WBSCTE 2018]
Answer: Troe

; .
28. The distance of C.G. from its base of a right circular cone of height * 41" is ~

[WBSCTE 2017]
Answer: True

2: from the base, where h is the height of a triangle.
[WBSCTE 2018]

29, Centroid of a tnangle lies 2t

Answer: False

PO

1
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C. Pick up the correct answer:
30. In a hall flled eireulnr cylindrical vessel the Centre of Gravity will be at
thigher/lower/same height) compared (o the same vessel when it was empty
[WBSCTE 2017

Answer: lower

31. Moment of Inertia of any lamina about its base is (less than/more tharequal 1w} the
Moment of Inertia about iss Centroidal axis. [WBSLCTE 2a]
Answer: more than

32. The centroid of a lamina will be located (on the X axis/ on the axis of symmetry [ at
equal distance from X and Y axis), [WBSCTE 2013, 2014]
Answer: on the axis of symmetry =
33. From a symmetrical lamina if a part is taken out which is not symmetrical ahout one
axis the centroid of the remaining portion will be shifted (towards the centre of cut
ol part f away from centre of cut out part /will remain unchanged). [WBSCTE 2015]
Answer; away from cenlre of cul out par.

D. Answer the following Queslions:

3. Define CG of any section.
Answer:

T'he center of gravity (CG) of an object is the point at which weight is evenly dispersed
amd all sides are in balance.

[WBSCTE 2027]

( Long Answer Type Questions )

< L. Calculate the centroid of uniform rectangular lamina by method of
integration. [WBSCTE 2004]
OR,

Derive the formula for the moment of inertia of a rectangular lamina about

centroidul nxis xx parallel (o the widih, [WBSCTE 2010]
Answer:

Let, b= Width of the rectangular arca T

d

C

d = depth of the vectangular arca and

w = welghl per unit area

Fhen, wial weight on the area is given by W =hxd =y

Fhis weight acts through G, which {s the C.G. of the area e, &t
(x.7)

Let ¥ = distance of C.G, of the area from v axis, and y=distance
ol he C.G. ol the aren from x = axis,

PIPTIITIF
; l
x

PR~ Me
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At any distance *3° from x-axis, let us consider an elementary strip of very small
thickness dy. the strip being taken parallel to width b of the rectangle. Weight on this
clementarysinp = hxgpxn

Moment of s elementary sinp about s-axis =hxdy=w=p

2 The algebraic sum of the moments of all such elementary weights of the rectangular
arca about x-axis,

o
hxdvswsyp= j.'ﬂﬂ dy

[ —

Now, moment of w about x-axis = wx y=bxd xwx T
According to the principle of moments, Bxd xwxy

O o
= fﬁx[i‘-x wxy, orbxdxwxy=hxwx [_r dy (as b & w are constants)
g 0

- " .
— 1y d-
or, dx T A== -
|zl 8
d
ar, l"'-'";

Similarly, taking stnips parallel 1o 4. it can be shown that, ¥ =

(AN~

@ 2. Find out the centroid of a uniform triangular lamina by the method of
integrafion. [WBSCTE 2005, 2009, 2017]

Answer:
Step-1: First draw the figure clearly and mark all necessary dimensions.
The x-axis is taken to coincide with the base. A differential strip of arca
dA = x dv is chosen.
b

f
By similar :rmnglcs.—-'L == ix=_{h-y}
e h-v fi

Naw,
& L) _I" h‘
L

4 -I:‘hu‘l [h:-h
2 2

¥=

FiM a™-Me

1

“Let A and A, be aress of (1) & (2) & x,xbe CGof () &

Centroid and Can f Gravit

Me 7T
; h h
g Ty
= 3. Determine the centroid of semi-circular srea. [WBSCTE z006]
OR,
Determine the centroid of a semi-cirele, [WBSCTE 2008

Answer:
It is swraight forward 16 realize that when we rotate a semicircular 4rea about one of iy
diameter (say, x-axis) by an angle 27, a spherical volume is generated.

From your prior knowledge of elementary mensuration, yiou know that in this case,

4 . : - |
Veemr® and fdA=""
3 > 2
From Pappus theorem,
¥=2x274
& r
R =2r¥ ﬂ] or7 :ﬁ
3 2 I

< 4. Define the centre of gravity.
Answer: Refer to Article No. 4 af Unir at a Glance.

[WESCTE 2009, 2011, 2013

< 5. Determine the centroid of the ares remaining after a circle of diameter, *r’ is

removed from a cirele of radius *r* as shown in Fig. [WBSCTE 2009]
OR,

From a uniform circular disc of radius *a’ is cut off a circular portion of a

P . L.
radius =2 Find the distance between the centers of dise and hole if the *Centre

-

of Mass" of the remainder is on the circum ference of the hole. [WBSCTE 2010]
Answer:

(2) respectively
Let ¥ is the C.G of resultant area,
. rr'
e ‘-!l = xr’ = —
% 4

We know that the C.G of a circle is of the centre of the circle.
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F
So, yy=hi = F
. '.'J': r
fx —4,%, 15 U_T » x4 ¥
S0, ¥ = bt o -
A A. 2 i £ anr &
* Tt - —
= The centroid will be at a distance or'—; left of the center 0.
2 6, Define the terms centroid. [WBSCTE 2008, 2013]

Answer: Refer to Article No. 3 of Unit at a Glance,

= 7. From a uniform circufar disc of radius ‘a’ is cut off a circular portion of a

radius =, Find the distance berween the centres of disc and hole if the “Centre

of Mass™ of the remainder is on the cireumference of the hole.  [WBSCTE 2010]
Answer:
A, =ra’ [using the hasic formula of a circle} ¥i
¥, =d |
faY ma 7
= Ti _ LS —
_.{..' '\ 2..' 4 / i
+1'J 3a ’JL -y--
Xy =g=—=wr - A
i 2 Y Z
- mFa- 3ua )
HRa— o —
padtimAn T $ 2
& — 4 y ma .
e St i
"

S |]‘3's 1 B

The C.G. of the remaining position after the cut off circular Disc of radius a/2 is

Sg

E.?r(—,ﬂj
e

= 8. AB and AC are two uniform rods of lengths 12 m and 8 m respeetively, I

= from A 1o the C.G. of the two rods.
angle 84C= 60", find the distance from oo T

PO T-Me

Centroid and Centre of Gravity

Me.79
Answer:
Wi mass perunit length be 4
Then mass of AB=M ,, =124 (0.443) X5 6 M v
Massof AL =M =R4
Lt centre of gravity for therod A8t is C, = (x,, 1) .
e (0.243) [2,243)
12 \
then AC, = — =bnt and x, =6,y =0 i
) .
Similarly, centre of gravity for AC is C, =(x,, v,) piL L G
. AN - -
- Rl o A - 16 10)
mtnd{,—:.;—ﬁimlmd o 4.0 :
r.=4cosb0°=2

py =4sin60° =243
Now, by C.M. formula
B Mpki+ My x, _124x648ix2 T24+164 88/

M, +M,  8a+124 204 202
Voo _ My M,y _124x0+84 =243 - 16+34 —138
Mg+ My 124+ 824 204
Hence, coordinates of CM of system ¢ ={4.4, 1.38)
A=(0,0)

* Distance AC = \J(4.4)" +(1.38)" =4.6 units,

< 9. A T section has a top Mange (horizontal leg) of 20 em = 4 em: the web (vertical
leg) has a dimension of 24 cm = 4 em. Find out the centroid of the section.

i TE 201
Answer: G b
fe JIJFm #
- T
E’ ] 4em

I
1
i
|
I@ Mem
i
i
[
I

& TR

b dcm

PR i



mis ENGINEERING MECHANICS Me.BO
From the symmetry of the figare, ¥ =0

¥ b

| 244 :: |x(20%4) +12% (24 4)

L1 .o

=-r"‘i+1:-‘!.~= e cm=1836¢em
A +A, EA IR R

o Centroid (0, 18.38), dimensions are in cm.

= 10. An l-section has the following dimensions in mm unis: [WESCTE 2014]
Bottom Mange =150 = 10}
Top Nange =150 = 50
Web =400 = 50
Determine mathematically the position of centre of gravily of the section.
Answer: 1‘1’
]-—rl"li rnn'l—lll —L

!'un__t2 ) - 400 mm

L

1

: . l
1 G i F KT

@ ! 14

: e

Kl
Iv—-——-ISGmm——"I

The I-section is Split ap into three rectangles ABCD, EFGH and JKLM as shown in Fig.
above. The given l-section is symmetrical about Y-axis. Hence the C.G. of the section
will lie on this axis. The botom line of the figure is ML, Hence the moment of areas are
taken about this line, which is the axis of reference.

Let ¥ = Distance of the C.G. ofthe [-section from the bottom line ML

o, = Area of rectangle ABCD = (150 $0) mm’ =7500 mm’

y, =Distance of CG. of recangle ABCD from betiom linc
ML=(100+ 40+ 25)mm=165mm

u, = Area of rectangle EFGH = (400 % 30) mm” = 20000 mm*

_y;=Dis|.mcc of C€G. of rectangle EFGH from botom  line
(ML) =100+ 200 = 300 mm.

a, = Area of rectangle JKLM = (250 x100) mm’ = 25000 mm’

, = Distance of C.G. of rectangle JKLM from botiom line M1 =50 mm.

yoantay, tay, B8IS00 0 comm (Ams)

a,+ o +oh 52500

PO Me
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= 11. Find the location of centriod of a T section with Munge 120 mm < 20 mm and
the web 200 mm = 20 mm. [WBSCTE 2015
Answer:
Fram the symmetry of the T section
=)

i [mmE‘?Jg{mmzn}-{mnxznmm]

! (12020) + (200.% 20)

<. The location of centroid afa T section= (0, 141.25) dimensions are in mm.

-

mm= 4] . 25mm

= 12 AB and AC are two uniform thin weightless rods of lengths 23 and 2b
respectively. If < BAC = , prove that the distance from A of the centroid of the
twao rods is (a*+2a"b"cos0 + b%)"/(a+b). [WBSCTE 2015]

Answer:

Let weight/umit length = 14 [as rod is weightless, S0 2=1 |

Let C.G ol AB (= _1,'|1}
2‘:

o i

. "‘I"._"'I‘l"{a‘ f:')
Let C.Gof AC (x,, y,)

Theosd
= ———=beosfd Al 18

2hsin?
1

M =2ad=2a

=

— =1
q

g

=hsinf

- M, =23bi=2b

C.G of the composite body
Myn M, ox Qua+2bbeosf @ i b oosd

Mg+ M 2a+2h a+h
- =
Similarly, y_ = 2a.0+ 2h.bsing _ b sing
2a4 25 a=+h

Distance between centroid and point A (0, )

s [.rr: +|’J:|:Uhh1]: _}"rﬁ:silkﬂ ;
wth L a+h

| = . 2 T 3 - A
=u--+—£J‘[u' rb'cost) +(b'sing) = :J}—h-u"u‘ + b eos® 0+ 200  cos B+ b sin® 8

! }‘\J'u' +2ah cosf+ b = : ﬁ{u* = 20'W cos 4 B ‘I|Ul

i+ ef +

POLY-Me
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< 13. 1) Determine the position of centrold of a triangle of base * b * and height ' 4"
with respect to i base,

b} Find the C.G. of an unequal angle section 12cm % Scm * lom. [WBSCTE 2016]
Answer:
a)

] c
Consider the triangle ABC base width b and height h. Let us locate the distance of
cancroids from the hase.
Let by be the width of elemental strip of thickness dv at a distanee y from its base.
Since, A4EF and AABC are similar trizngles, we can write:
h=y

-~ Area of the element = d4 = by = dd =L1_£dey

-

Area of triangle A4 = i—bﬁ

— Movement of area |

Now, y=
folal area A
[ *I:' I-"}j fy; JJ] .Ehal'q
= —— — T o — | = !.—.——...—. =—
[uda o*l' Jos A=) % e
olwld _BH 1 =
A 6 1, 3
2

Thus, the centroid of a triangle is ot a distance —}: from the base of the triangle where h is

the hcight of the triangle.

POLT-Me
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b) : ‘
L = —-: . l l ot
I ——Tr
‘o
}]
- ‘I'
o
—lﬂl—
All dimensions mocm
. }I -
This compusite ﬁg,ure can be divided into two rectangles:

A;=Bx1=8cm
Ar=(12=1)% 1 =1lem’
Total area. 4 = A+ A;= (B + L1 )em” = |9am’

. " (
Selecting the reference axis x and y as shawn in figure. the centroid of A;id g | 4,
l'.

1) | =

and that of 4, is,

{34502

; 113
o Movement about y axis
Total area
|_] I

A, Y [””a) BT ¥ i

A 19 R R
i Muovement allout x axis

: Total area

[s:']+ m‘.a]
- |':I;_v| b ,'i:}': 4 2 2 = 373 =3.97
1 1o e T

These, the centroid is at ¥ = 1.97cm znd V=39Tcm

< 14, Find out the centroid of an l-section has bottom flange 20em = lem, fop
Nange L0em * 2em and web 15cm » Zem, [WBSCTE 2017]

POL F-Me
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Answer: ¥ H
e e =AY
Df@ ' | 2 em
Wl [F CT
_.,@,2"" | &em
G 1 F l p _L

]
Q .
MT 'y T

p—— 2w —

The l-section is split up into three rectangles ABCD, EFGH and JKLM. The given I-
section is symmetrical about Y-axis. Hence, the C.G. of the section will lie on this axis.
The bottom line of the figure is ML. Hence, the moment of areas arc taken about this ling,
which is the axis of reference. g

Let, 7= Distance of the C.G. of the I-section from the bottom line ML.

a, = Arca of rectangle ABCD =(10=2) em’ = 20 e
¥, = Distance of C.G. of rectangle ABCD from bottom line ML = (2+1.5+1)=4.5cm
a, = Area of rectangle EFGH = {15%2) em® = 30 em®
¥, = Distance of C.G of rectangle EFGH from bottom line ML = (2+7.5) em = 2.5 em,
a, = Area of rectangle JKLM = (20%2) cm” = 40 em’ _
¥, = Distance of C.G. of rec:;ngie JKLM from bottom line ML = 1 cm
.y oy tay T a {2{}14_5}+{3019,5J+{4ﬂx ].’ —4.6] em
i o+ iy 20 +30+40

2 15.4) What is Centroid and Centre of Gravity? [WBSCTE 2018]
Answer:

Centroid: The point at which the total area of a plane figure (like rectangle, sguare,
triangle, quadrilateral, circle etc.} is assumed 10 be congentrated, is known as the centroid
of that area. The centroid is also represented by C.G. or simply G. The centroid and
centre of gravity are at the same point.

Centre of Gravity: Centre of gravity of a body is the point through which the whole

weight of the body acts. A body is having only one cenltre of gravity for all positions of
the body. It is represented by C.G. or simply G.

I T-Me
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= 15, b) Find the Centroid for the following ligure having dimensions as shown.

I s
.,

13em

| Dem
—

-

Find the centre of Gravity of a ‘T" section with equal width throughout having

dimensions as shawn in fig. All dimensions are in mm. [WBSCTE 2018]
50 . “
————
31 k
E
Answer: W0
1" Part: . 4

I Rm
e

il
|

First let us divide the area into 3 pars

i) Ared | — Rectangle with length 1 5em and breadih 10em

i) Area2 — Circle with radius 3¢m

iti) Area 3 — Quarter circle with radius 2.5¢cm
Wew let us consider the ¢entre of the centre of Area 1 and Area 2 as the origin,
For Area 1:

Length =15 em, breadth = 10cm, Area 4 =15x10=150cm’
Coordinates of eentroid: i

X-=0 K=0
For Arca 1:
Radius=3cm, Aren A, = 7 (3)" =9r = 28.26 em’
Coordinates of centroid:

X, =0 Y, =0

1 5m
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For Area J;

| rx(2.5) i
Radius=2 5cm, Anea A, = e 4.90cm”
Cmrdinm;s of centroid:
¥ b 25
X.=95- { '—54311 AT Mol Co) T

. & cuﬂcglmulc of the centraid of the whole area,
X = A,z{.ﬂdx. +Ax 15050 +(-28.26)x 0 +(—4.90) x 6.439 _-3.ss11
;5_4-.4 + 4, 150 -28 26 —4.90 116.84
Secondly 3 coordinate of the centroid of the whole area,

e Ap+Adv.+4y

=027 em

d+4+4
1500 0 (-2826)x0+(4.00)x36830 _
" (BIB)x0+{ AP35 10300 o
150—28.26—490 116.84
.. The coordinate of centroid of the Area as (-0.27cm, . 165¢m)
2* Part: Y
,&]: !U.hlf_ln -IB
oI
o ' C
H| ¢ [E
N E B0mm
@
1 K
|Uu:'sm
¥

Let, ¥ =Distance of the C.G. of the T-section from the boltom line GF [axis of reference)

a, = Area of rectangle A8CD =(50x10) =500 mm*
=Distance of C.G. of area o, from bottom line GF:Q‘ﬂan--J-;-:‘JS mim
= Area of rectangle EFGH = (90 10) =900 mm’*

¥, =Distance of C G. of area o, from bottom line GF = ? =d45mm

FPOLY-Me
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Using equation,
av -l-ahv: L {SWXQS}+IW’< 45]

£ Bt . l £ =62.86 mm
A a +a (500=900)
= 16
Derermine the CG of the section above, [WBSCTE 2022]
Answer:
A = xR {Using the basic formula of a circle)
- r' :R
R ak
’{‘_I{EJ T
R 3R
T
1o p- AR L IR R’[R E] 24
R i T _8 _SR 4 SR
— 4, g1 3k R:[l 1 i 8 6
4 4 4

The centre of gravity (C.G) of the portion is [; ;) r—:-.ﬂ]
\ s
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Unit 6: Simple Lifting Machines |

Unit at a glance: _
1. Definition

A simple machine is a device that simply transforms the direction or magnitude of
a force, but a large number of more complex machines exist, .
A lever consists of a rigid rod free to rotate about fulcrum having load and effort at two

other points

2. Mechanical Advantage

Mechanical advantage is defined as the ratio of load 1o effort. Pulley systems rely on this
important relationship between load and effort. The formula seen below is best
understoad by writing it within a tiangle. This helps when il is necessary to change the
formula 1o find either; mechanical advantage or the load or the effort. In this way three |
formulas can be generated from the single formula‘inside the triangle.

A Load = Mechanical advaniage x Effort
/ Mechanical r_frm\
ﬂ’w lA.IJd

Bt = Mechanscal adyantage

Load

Mechanical advantage = T

3. Velocity Ratio

Velocity Ratio (sometimes called movement ratio) - is defined as the ratio of the lljilsluncc
moved by the effort to the distance moved by the load. The formula seen below 1s best
understood by writing it within a triangle. This helps when il is necessary 10 change the
formula 1o find either; velocity ratio or the distance moved by the load or the distance
moved by effort. In this way three formulas can be generated from the single formula

inside the triangle.

Simple Lifting Machines Ma B9

[Distance maved
Mhstanae mivel b Effort
[EETE TS by b Velocity ratia

i wed by
effart [ M stance mioved

Velncity. Dhstsnce moved by efTort
Velocity rahio ——e————
/ Ttk by load \ : [Nistance moved

b lonind]
Fristamee moved Distance moved ¥
= = Velocily atio
by effort by foad

In the ideal fictianless/weightless machine

Yelocity Ratio = Mechanical Advantage

The efficiency of a simple machine

Efficiency = Work done by the machine / Work supplied to machine
Relationship between MA, VR and efficiency.

Wark Output Load = Distance Moved by Load

Efficiency = =— .
Work Input  Effort « Distance Moved by Effort
. Load/Effort
~ Distance Moved by Effort/Distance Moved by Load
_ Mechanical Advantage
© Velocity Ratio
Resulrs:

(i) Efficiency of an ideal machine is 1, hence mechanical advantage = velocity ratio.
(i) Efficiency of practical machine is less than 1, hence mechamcal advantage s less
than velocity ralio.

4. Reversible and Irreversible Machine

Let P is the actual effort applied to a machine to lift a load W. If the actual effort Pis
removed, the Toad W may or may not fall down to the initial position. If the load W falls
down, the machine is said to be reversible, [n this case work is done by the maehine in
reverse dircction. And if the load W does not fall down, the machine it said 1o be
irreversible or self locking, In this case work is not done by the machine in reverse
direction. .

5. Condition for Irreversibility of a Machine
Lne :-— or 30%

Thus the condition for irmeversibility or sell-locking of a machine is that is efficiency
should be less than 50%,

FPOLY=M
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6. Law of a Machine

ENGINEERING MECHANICS

Me.50

The law of a machine is defined by an equation which gives the relationship between the
effor. required to raise the corresponding load, This is obtained by drawing a graph
berween the efforts and the corresponding loads lified by the effonts.
Lifting machines are the machines used for lifting heavy loads or weights by applying

comparatively small force

EFFCHT A} ==

GRAPH FOR
ACTUAL MACHINE

GRAPH FOR

IDMAL

LOAD W - L

Fig: Law of a machine

Expression for maximum mechanical advantage

Mﬂ-a“f.r‘. e
m

1

Expression for Maximum Efficiency

Ve = mox (VR

7. Efficiency Vs Load Curve

&l

%0

&

4

/r’

% EFFKTENCY -+
-]

o

N0 M aph &0 80 M B0 00
LEALD W s
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( Short Answer Type Questions )

A. Choose the comect answer from the given alternative:

L. In actual machine - |WBSCTE 2008]
(a) MA=VR (b MA > VR (c)MA <VR (d) MA is unity

Answer: (c)

B. Fill in the blanks in the following statements:

2. Mechanical advantage is the ratio of load & Effor. [WBSCTE 2010]
. : 24R
3. With usual notations Velocity Ratio of Differential Screw Jack is
A" 'n
[WESCTE 2011
4. A seif locking machine is one where encrgy is not conserved. [WHSCTE 2017]
5. With usual notations the Velocity ratio of differential wheel and axle is given by
a0
. T 3
50 [WBSCTE 2013)
6. The Law of Simple Lifting Machine is given by P =mW +C . [WBSCTE 2013, 2014]
Maximum efficiency of a lifting machine is greater than §6%. [WESCTE 2015]
8. Velocity Ratio of first system of pulleys is 2%, [WBSCTE 2015]
9 In a simple lifling machine effective load can be lified by application of
comparzlively smaller efTort, [WBSCTE 2015]
10. The efficiency of an actual machine is always high, [WBSCTE 2015)
11, If efficiency of & lifting machine is kept constant, its velocity ratio is directly
proportional 1o its mechan ical advan MA). [WBSCTE 2016]
12. Instead of simple wheel and axle, differential whee! and gyle gives more VR,
[WBSCTE 2015]
13. In the cquation £ = mW +C of a lifting machine. * ¢ * indicates the ¢ftort required to
overcome friction under dition [WBSCTE 2016]
14. The maximum mechanical advantage of 2 lifting machine 15 Low. [WESCTE 2017]

POLY-Alr



m ENGINEERING MECHANICS Me.82
15. The efficiency of a screw jack may be increased by fncreasing its pitch

[WBSCTE 2018]
16. A simple machine has only gre point for the application of effor and load,
[WBSCTE 2018]
2
17. Instead of simple wheel and axle, differeptial wheel and axle gives VR
uy —thy
[WBSCTE 2018]

18. The amoum of effort required 1o overcome the machine friction is given by Actual

effori-ideal effort. [WBSCTE 2018]

19. The mechanical advantage of a lifiing machine is the ratio of - Joad lifted to the

effort applied. [WBSCTE 2022]
20. In ideal machines, mechanical advantage is pumerically equal velocity ratio.
[WBSCTE 2022

21. The angular velocity (in rad’s) of a body rotating at N revolutions per minute is
=402 NRADVS. [WBSCTE 2022]

22. A machine having an efficiency greater than 50%, is known as reversible machine
[WBSCTE 2022)

C. State whether the following statements are True or False:

33, In a differential fachine velocity ratio is deereased than a simple machine.
[WBSCTE 2011]

Answer: True

24. [n a simple lifting machine a higher load is lifted by application of a relatively small
cffort [WBSCTE 2011]

Answer: True

35, Tor a reversible machine efficiency is greater than 50%, [WBSCTE 2012]

Answer: True

26. Normal acceleration signifies change in direction of a rotating body. [WBSCTE 2012]
Answer: False y

27. If more time is reguired to complete a work the power is more, [WBSCTE 2012]
Answer: False
28, For self locking machine the efficiency is lower than 50%. [WBSCTE 2013]
Answer: True
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29. The effort [ost due 1o friction is given by | £ | in simple lifting machine.

Symbols used having their usual significance. [WBSCTE 2014)

Answer: Troe

30. The maximum mechanical sdvantage of a lifting machine is (1 +m ) [WBSCTE 2014]
Answer: False

31. Velocity Ratin of a simple Lifting Machine is a constant [WBSCTE 2015)

Answer: False . =

32, Ifefficiency of a machine is 40% the machine will be reversible. [WBSCTE 2015)
Anzwer: False :

33. The velocity Ratio of a Simple Screw Jack s 2= o= Li(p - p.) [WBSCTE 2015]
Answer: False

34. In casc of alifting machine load vs. effort graph is a curve [WBSCTE 2016]

Answer: False

35. [l the law of litting machine is P = 0.04H" + 20, the maximum mechanical advantase
is 25. [WBSCTE 2015}

Answer: True

36. Mechamcal advantape is the ability of a machine to multiply force.  [WBSCTE 2016]
Answer: True

7. At the poini of reversing the efficiency of a simple lifting machine is 60%.

[WBSCTE 2017]
Answer: Troe
8. Velocity ratio of a simple machine is constant, [WBSCTE 2017]
Answer: True
39. In actual machine M4 >R, [WBSCTE 2017]
Answer: False
40, Load vs Efort graph is o curve. [WBSCTE 2017]

Answer: True

4L. A machine is suid to be self-locking when its efficiency is less than 50%
[WBSCTE 2017]
Answer: True
POLT-Me
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. The efficiency of a serew jock is maximum when the helix angle is equal o
[ 450 fJ [WBSCTE 2018]

.-'uuncr' True )

43. In case of a lifting machine load vs. Effort graph is a curve, [WBSCTE 2018]

Answer: False

44. Mechanical advantage is the ability of a machine 1o multiply force.  [WBSCTE 2018]
Answer: True

45. The velocity ratio of a single purchase crab which can be increased by increasing
number of teeth on the pinion. [WBSCTE 2018]
Answer: False

D. Pick up the correct answer:

46. A machine is said to be at the poim of reversing of its efficiency is (equal T 50%,
more than 50%. less than 50%) [WBSCTE 2011]
Answer: more than 50%

47. Law of Machine is (W = P+me/ = mPiolp = miWie) [WBSCTE 2011)

Answer: P=mlW + ¢ -

48. The Velocity Ratio of Single Purchase Crab Winch is (LN/nr; LT 1A T2:2D/D-d).
[WBSCTE 2012]

Answer: LT1/T2

49. For a Simple Machine with law given by P = mW + ¢, the maximum Mechanical
Advantage is { | fm; m; mW). [WEBSCTE 20137]
Answer; m -

50. For & freely falling body the Potemtial Energy is (maximum al the highest
point/minimum at the highest point/constant in all the height). [WBSCTE 2012]
Answer: maximum at the highest point

'51. The effort lost due to friction is given by (P— W/ V. B P V.R.— W, W-P/ V.R.)

in simple lifting machine, [WBSCTE 2013]
Answer; £ - i)
KR
52, AL the point of reversing the efficiency of a simple lifling machine s
(40%/50%/60%), [WBSCTE 2013, 2014]
Answer: 5%
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53. A lifting machine having an efficiency less than 50% is known as (reversible
machine, non-reversible machine, ideal machine, none) [WBSCTE 2014)
Answer: non-reversible machine

54, In an ideal machine, the mechanical advantage is (equal to, less than, greater than
v:locn_v ratin ), [WBSCTE 2014]
Answer; equal to

55. The frictional load is piven by
(P-WIV.R; PxV.R-W; W-PIVR) [WBSCTE 2015]
Answer: W -P/V.R.

E. Answer the following questions:

56, Ifthe law of lifling machine is # = 0,04/ + 20, the maximum mechanical advantage
[WESCTE 2018]

Answer: 28

( Long Answer Type Questions )

< 1. Derive the expression lo obtain maximum efficiency of @ machine
Answer:
To. define, maximum efficiency it is needed to familiar with the term mechanical
advantage (MA) and velocity ratio (V.R).
Load lified by the machine "
Effort reugired to dift the lead P
distance moved by the effort in difting the load r
distanee moved by the load X
Output _ |oad [ified » distance through which the load has been lifted
Input v:ﬂ'nn applied = distance through which the effort has moved

M A=

Velocity ratio (V.R) =

Efficiency (n)=

W
X B _MA__W_

;- Y X VR PR
¥

Itis known that 7= ml + € (where m =+ coeflicient of friction
"= nnother constint which represented the machine frictian)
For maximum efficiency, put P = m.W +
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r lr-
Moy = —m—m——m———
{IJ_II"F' +C)-V.R - a
o . lmhcmﬁf neglected)
|m*L ]er me VR
VoW

= 2. In a lifting machine, the efforts required to lift loads of 250N and 375N are
60N and 70N respectable. If the V.R. of the machine be 20, determine: (i) the law
of the machine (ii) efficiency of the machine corresponding to the load of 250N
and (iii) effort 1ost in friction in the first case. [WBSCTE 2003]
Answer:
We have, P=mW +
The loads are 250N & 373 N respectively, the force required to [ift the loads is 60N &
7ON. Using the above formula we get,
Bl =mx250+C .. (1
& T=mx375+C ... {2)
(2} = (1) we get,

123m=10
=== 10 = (.08
125

Putting that in equation (1) we get 60=0.08=250+C
= C=60-20=40
The required law of the machine in
1) P=0080 + 40 [Ans.)
Mechanical Advantage
WVelocity Ratio
When the load 250N, effort is 60N

2
Mechanical Advantage (MA) = -'%J =4.17

i) Efficiency =

Eﬁil.:icncylal this load = 4}—:;I =0,208 = 20. 8% {Ans.) [V.R =20 (Given)]

i) Effort lost in friction = 7 - %
When £ = 60N and #= 250N, 1!1: required ciTon list in

50
friction = m--{—'{:-ﬂﬁn I2.5)N =47.5N (Ans.)

<= 3. Define mechanical advantage, velocity ratio and efficiency of a lifting
machine, ' [WBSCTE 2004]
Answer: Refer to Article No. 2 and 3 of Unit at a Glance,
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S 4. State and explain the law of machine. [WBSCTE 2005, 2006]
OR,

In u lifting machine find the relationship between effort (P), Load (W) with

usual other notations [WBSCTE 2011]
OR,

Whart is Law of machine? [WBSCTE 2022]

Answer:

Law of a machine:

The term ‘law of & machine’ defined as the relationship between the load lified and the
effort applied. Thus (or any machine, if we record the fer actual pe
various efforts required to raise the correspending loads B

and plot a graph between effort and load, we get 2
straight line AB as shown in Fig. We know that the
intercept  OA  represented  the amount of  friction
{frictional foree) offered by the machine.

Or in other words this is the cffort required by the
machine to overcome the [Fiction, before it can Iift any i)
loud. Mathematically, the law of lifting machine is given
by the relation.

f=my+e

Where " = Effort applied to lift.

m=A constant (called coefficrem of friction) which equals to the line AB.
W = load lifted and

¢ = another constant, which represented the machine fniction (i.e., OA).

—
-]
™

E for fdenl mic

Lo (W) —te

< 5. What do you understand by the term *Reversibility” Determine the condition

of reversibility of a [ifting machine. [WBSCTE 2009, 2016]
Answer:
If the removal of effort while lifting results in lowering of load the machine is said to be
reversible. .
Suppose, Load= W, Effort=F
Velocity Ratio= 1. R .
Distance moved by efTeet = £; Distance moved by the load = 4
Input work = P= D
Output energy = Wad
Wark lost in the form of friction = PD - Wy
The machine will be reversible if the [oad can stant moving down afier removal of effon
overcoming fmctional resistance = Wi
S0 condition [or reversibility

Wd > (PD - Wd)

or, 2Wd =P ar,
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MaA | | ’
T :--:— ar, > Pl S0%

Sua machine is reversible if > 50%

ar

< 6. Explain the working principle of screw jack? [WBSCTE 2010]
Answer!

This device is commonly used to Iift the load (heavy), Screw jack works on the principle
same as the inclined plane. The axial distance moved by the nul
when it makes one complete revolution —— known as *load of the
screw head’.

& = length of the lever & diamerer of the serew.

W= weight (load) lifted using an effort *P". Effort *P" applied ai
lever end it is equivalent to an effort P at the screw & B is
given by the cendition:

B
.'.FxR-'ﬂxE F’.='FR
2 ! d i
P = load of screw

i

e = mean diameter of screw
Now, consider one complete revolution of the lever, the load *B” is lifted up by a
distance ' equal to load of the screw.
Applying effort *P* at the end of the lever is as pood as applying an effort £ (a1 serew)
on the inclined plane. Resolving horizontally, the forces parallel v 7

K= Rsin(@+¢)

R = Resultamt Reaction
Resolving vertically: W = R cos(@ + ¢) ;%r tan( 7 + )

F=W tan{f+¢)

3 2

But, A :'Z—R:.-'—:-‘E= W an{d + ¢)

d o
P--_‘.—E.E- tan(fi + @)
.__i . fand +1ang) =i.l$". (i 4 tan 7y
28 (1-tandang) 2R - gand)
When |an6‘=[i]
\ rd
If the load is descending, then the friction will be acting in reverse direction. So that the

resultant reaction *R* shifis as per figure 7= %H" tan( - @)
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Targue required 7= FP.R = %Hr’tan[fﬂ ¢}
Henee, torque required while ascending : 7= %W tan{d + @)

Torgue required while descending: T =%H’ tan(ti - g)

Distance moved effort 228

LP.R= ——
Distance moved by lgad P

= 7. A machine raised a load of 360-N though a distance of 200 mm. The effort a
farce of 60N moved 1.8m during the process. Calenlate — (i) Mechanical -
advantage, (ii) velocity ratio, (iii) Efficiency of this load, (iv) Effect of friction?

[WBSCTE 2010])
Answer:
Given the data are L = Load = 360N
£ = effort = 60N
d = distance (ravelled by effort = |,8m and d, =distance travelied by load =02 m
) M= 2 g
E 60
TR L. P
d, 02

iil} Efficiency = 404 _2

F.R 3
% efficiency = %x 100 = 66.66%

w
iv) Friction, I} =;—R = %= 40 (effort due to friction)

P=P=60-40=20N (effont lost due to fnction)

'S 8 In a simple machine an effort of 10N is required to raise a load of 400N
through a distance of S0 mm & it is noted that the effort for moved 2.5m. Is the
machine Reversible? 1§ =0 what effort should be applied if the machine is on the

point of reversal? [WBSCTE 2010]
Answer:
P = Effort = |ON W= loud = 00N
[3 = Distunce moved by effort = 2.5m  d = Distanee moved by load = 50mm = 0.050m
MAA AR Pl ot
10 0.050 50
M A

i = Efficiency =

x]ﬁﬂ:ﬂxlm=ﬂﬂ%
50
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8o, it is Reversible machine because g = 50%

Ideil load W, = PxV.R.=10%50= 5008

Frictional Resistance = 1, —w =500 - 400 = 100N (Ans.)

2 9. In a lifting machine an effort of 150 N raised a load of 7700 N. What is the
Mechanical Advantage? Find the Velocity Ratio if the efficiency at this load is
60%. If by the same machine, a load of 13200 W is raised by an effort of 250N,
what is the efficiency? Caleulate the maximum mechanical advantage pnd the
maximum Efficiency. [WBSCTE 2011]

Answer:

Given data: Load (£} = 7700 N

Effort (E)= 150 N and Efficiency = 60%

~. The Mechanical Advantage (M.A) = % = "T?_%'-’ =133 (Ans))

—— . MA 5133
. The Vel r Rati R)z=—————=—x100=8556 ;
B e Ly ¥5.56(Ans)
Again, Load (L) = 13200 N and Effort (E) =250 N
L 13200
\ MR J® 350 52.8
=i =—=_w]8%% = 100 =61.71% (Ans.
SRS R TR 8558 ST G (Ans)

Tao calculate the maximum Mechanical Advantage and maximum Eflciency:
We know, the law of machine, P=mi# +C

Sp. from Case 1:

150 = 7700 m + A1)
and from Case 2:

250 = 13200 m+C i)
By solving equation (1) and (i1) we get

L m=0018
.~ Maximum Mechanical Advantage o e T 55.56

m 0.018
I i ;

4 i [ = 1008 = — 3 | 0% = 64.93%
& Maximum efficiency (1) s =TT

< 10. The law of machine, with a Velocity Ratio 160, is given by P = 0.014W + 15,
Determine: (a) The effort required to lift a load of 50 kN, (b} Mechanical
Advantage under condition (a) : (c) Efficiency under condition (a); (d)
Muaximum efficiency of the machine, [WBSCTE 2012]

Answer:

(a) Required effort P =0.014250=10" +15=TI5N

Laml
S0 0 _ 6993

{b) Mechanical Advantage=
POLY- M e
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(¢) Efliciency under this condition = tf;;—i =43.7%

(d} Maximum efficiency = 4 —'—-7‘
m=VRE 00142160

= 44.64%

= 11, (a) Define Power. What is the practical unit of Power?
(b) A bullet of weight 0.3 N is fired horizontally in to 2 body of weight 100 N
which is suspended by a string 0.8 m long. Due to this impact the body swings
through am angle 30%. Find the velocity of the bullet. [WBSCTE 2017]

Answer:

a) Power is the time rate at which work is done or energy is Transferred. Power is the

derivative of work with respect o time.

The power P developed by a force I that does an amount of work U is

pU _pdr
de  ar
s [ o

Linit of power in SI system is Nm/s = I/s which is known as Watt

0.8 - BE—
b) ﬂ.sr=ms30° #h-2n
S X =0,1071m.
Kinetic energy of bullet = Energy transferred to the body -
03 1. 3
%x g—;:r.I-" =100=0.1071 [formula used: - mv = Mgh| =

Vo= 26.43m/s,

212 {a) Define Mechanical Advantage, Velocity Ratio, Input, Output and
FfMiciency of a Simple Lifting Machine and establish the relationship between
them.

(b) A load of 40 kN is to be lifted by a differential wheel and axle. It consists of
differential axle of 250 mm and 300 mm diameter and the wheel digmeter is 800
mm. Find the effort required if the efficiency of this machine is 78%.

[WBSCTE 2013)

Answer:

a} Definition of Mechanicul Advantage, Veloeity Ratio, Efficiency:

Refer to Question No. 3 of Long Answer Type Questions.

Input: Input of a simple lifting machine is defined as the product of effort applied for
lifting load and the distance through which the effort has moved.
" Input = Effort applied = Distance through which the effort has moved,
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Output: Ouipul of & simple lifting machine is defined as the product of weight or load

lifted and the distance through which the load has been lified.
. Cutput = Load lifted » Distance through which the load has been lifted.

Relution among them:

By definition,
oA Load lifted by the machine w

Effort requried to dift the load P
Diistance moved by the effort in difting the load _iF
Disatance moved by the load X

and Velocity Ratio (V.R.) =

Output
Input
_ Load lifted ~ distance through which the load has been lifted
* Effort applied » distance through which the effort has moved.
W
WX T MA__W
PY¥ ¥ VR A(V.R)
X
We know the law of machine
P=mW +C
*. For maximum etliciency put
P=mW +(

. Effictency ()=

w 1
(mW +C) (V.R) (,,,4...J{H}

. ?Im-=

1 C
b ectin
e m(F.R.) : J:n:gl Eﬂ‘]

b) For a differential wheel and axle
; : 2D
Velocity Ratio (V.R.) = D -D,
where, D = Diameter of the handle = 300 mm
D, = Diameter of the wheel = 800mm
D, =Diameter of the axle = 250 mm
2-300 2.300 12

AVR= —= =
800250 550 11

Load
*. Efficiency = Effon
V.R.

POLY-Me
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or, Effon w“:’;" 488,88 — 489N
T8%

. Ifthe efficiency of this machine is 75%, the required effort is 489 N

< 13, In a simple machine, whose velocity ratin is 40, @ load of 2000 N is lifted by
an effort of 120 N and a load of 3000 N is lifred by an effort of 180 N. Find the
law af machine and caleulate the Ioad that could be lifted by a Torce of 200 N,
Caleulate also; (i) The amount of effort wasied in overcoming the friction:
(i) Mechanical Advantage; and (jii) The Efficlency. [WBSCTE 2013]

Answer:

We know, the law of machine is P=mW¥ 4+ € A1)

where, 1! = Effort required lifting the load

=A constant, which equals the slope of the line
B = Load Lifted.
and  C = Another constant, which represent the machine friction.
", From equation of the law of machine (i) we get.

3000m + ¢ = 180 (i)
2000 +¢ =120 i)
By Solving Equation (ii) & Equation (i) we get,
60 3
S = (.06
71000 50

From the equation (iii), we get, Eﬂﬂﬂxj—i +e=120or 12042=120

Se=10 le No. amount of effort is wasted in overcoming the friction (Ans.)
. The law of machine is P = (.06
Again, When P=200 N
_200, 200 0o
0,06 4]
" The load 3333.33N could be lifted by a force of 200 N
W _333333 _ 16.66
F 200
** Velocity ratio of the simple machine (V. R.) = 40
The efficiency = E"_"_ i = (.42
VR 40
Sop=42% (Ans.)

10000

=1333.33N

- Mechanical Advantage (M.A) =

< 14, In a differential wheel and axle, the diameter of the effort wheel is 40cm. The
radii of the axles are 15cm und 10em respectively, Find the load which can be

lifted by un effort of 100N, assuming the eMiciency of the machine to be 75%.
[WBSCTE 2014]
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Answer:
Given Data:
d, = 0emd, = 20em
= 4l
=7
P=100N

e : 2D 80
. Velocity ratio (M. Ry=—"__2" _

) I: d—-d. 10 =

. Mechanical Advantage (M.A.) =%
SoAgain, M A=np=(V.R)

W
.. - 8
or, ==X

J.ﬁ":qkﬂx}":%xﬁxlﬂﬂ:ﬁﬂ[‘l”
.. The load can be lified by an cffort of 100 N is 600 N,

= 15 Inasim ple machine, whose velocity ratio is 40, a load of LS00N is lifted by an
effort of 100N and a load of 2500N is lifted by an effort of 160N. Find the law of

machine. Also calculate the load that could be lifted by an efTort of 200N,
[WBSCTE 2014]

Answer:
We know, the law of machine is
P=mw+( v ELY

Where P = Effont required lifted the load

m = A constant

¥ = Load lified,
and = Another constant represent the machine friction.
. From equation of the land of machine, we pet,

1500m +C =100 i)
2500m + c =164 2o (1)
By solving equation (ii} & equation (i) we get,
&0
Lm=——=10.06
1000
From the equation (i) we get,
60
1500 +C =100
1000
LC=100-15=85

.. The land of machine is P =0.06w +85
Apain, when P = 200N

POLY-My
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20085

0.06
o The load 1916.67M could be lified by a force of 200 M,

=1916.67 N

= 16, (a) What is law of machine? From cquation of law of machine find maximum
Mechanical Advantage and maximum efficiency of a simple lifting machine.
{b) In a differential wheel and axle the larger axle is 160 mm in diameter and the
smaller one is 120 mm in diameter, The effort handle is 360 mm long. Find the

Velocity Ratio. 1T an effort of 100N lifts a load of 2100 N, find the efMciency.
[WBSCTE 2015]

Answer:
a) Refer to Question No. 4 of Long Answer Type (uestions.

2% 360
———a ]}
160-120

2100
*. The efficiency (n) ;J%Lx 100% = 116.67%

b) . The velocity ratlo =

2 {a) What is the minimum effort P required to lift a load W by a screw jack
when helix angle @ and coefMicient of {riction is tan @ where p is the angle of
friction.

(b} The pitch of a secrew of a jack is 10 mm and the mean diameter of the thread
is 60 mm and the length of the lever is 500 mm. Find the effort required to Liff &
load of 10 KN. Tuke coefficient of friction, g= .08, WBSCTE 2015

Answer:

a)

Let pr=Pitch of the screw

o = Mean diameter of the screw
@ = Helix angle
P = Biffort applied at the circumference of the screw to lift the load
W = Load to be hfted, and
= Cogfficient of friction, between the screw and nut
= 1an ¢, where ¢ is the friction angle
From the figure we find that

tana = plrd
Resolving the forces along the plane

Peosa =Wsina + F=Wsina+ uR, . wwis (1)
and resolving the forces perpendicular to the plane,

R, = Psine + W coser RN (1))

POLY-Me
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Substinuting this value of &, in eguation (i), we have
Peosa=Wsina+u{ Psina + W cose )
=Wsina + uPsing + 4 coser
or, Peosa — pPsinag =W sima + uW cosa
or, Pleose - usine) =W (sina + pcose)

P (sina + peosa)

(¢ose - usina)
Substituting the value of 4 =tan@ in the above equation. we get
Multiplying the numerator and denominator by cosd, we have

. singcosg . s
P x SREoag O oA, m(”W}:Wmn{aw)

cosaoosg —sinasing cos(a +¢)
This is the minimum effort # required (o |ifi 4 [oad ¥ by a screw jack.

b) Given data:
4] p=10mm
d =60 mm
w=l0kN
pe=tang =008
¢=tan"'(0.08)=4.57°
Now, a=Helixangle

f tena=2-1% _nos
« md xx50
s o =303
~. The effort required to lift a load (#) =W 1an(a + ¢)
P=10x10"1an(7.60°) =1334 N .

& 18, In a Weston's differential pulley block, the difference in the number of teeth
of the two pulley is 4. If the efficiency of the machine is 50% and an effort of 100

N jusi lifts u load of 2 kN, find the number of teeth of the two pulleys.

[WBSCTE 2016]
Amnswer:
We know that, in weston's differenced pulley,
& i 3
Ve - 2 *No-,of tecths of first pulicy (1)
difference in the no. of the two pulleys
Maw, we have efficiency # = 50%=10.5
Effort, p= 100N, load W = 2kN = 2000N
POLY-Me
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2000 _

. Mechanical Advaniage B, o S 20
p 100
" MA M4 20
Apain, p=——  FR=""=""=40
gain, p=—0 =T

Now, lel us gssume that the no, of teethes ol the first pulley 5 x arid the no of teethes of
the second pulley is ¥.
Lx—y=4 (i)
S0, from eqn (i) we get

2ux
40 =

MNow, substituting the value of x in eqgn (ii) we get, y =76
2. The no, of teeth of the two pulleys are 80 and 76 respectively.

—= x =80

= 19. In a simple lifting machine, efforts of magnitude 0.9kN and 0.7kN are

required to be applied to lift loads of magnitude 6kN and 12k respectively. The

velocity ratio of the machine is 32, Find: (i) The law of the machine

(ii) Efficiencies of the machine at both the load options (iii) Effort lost in friction

in both the cases (iv) Maximum MA and maximum efficiency, Also give your
opinion on the reversibility of the machine in both load-effort combinations.

[WBSCTE 2015]

Answer:
(i) The law of Machine. P=mW + ¢
Since; efforls of magnitude 0.4KN and D.7KN are required to be applicd to lifl loads of

magnitude KN and 12KN respectively,
L04=mxb+c -
07=mx|2+¢ l w11

Now, solving these two equations, we get,

).3
m= %‘ =005 ande=0.IN

= The law of machine is = | P = (LOSH + 0LIN

(i) Given that, ¥R = 32

S Mechanical Advantage of 6KN load=—=—=15
f 04
12

And MA of [2ZKN load oM L 17.14
&0
s EfMiciency, 5ol the machine at load 6N,

W 6

MA 15
Lo SR T R 1)
e
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efficiency » of the machine at load 12 KN,

MA 1704
VR 32
(iii) Effor lost in frietion is given by the formula,

p=P-(W/VR)

. for 6KN load,

P, =04-(6/32)=02125N

For 12KM |oad,

P =0.7-(12/32)=0325N
1

{iv) Maximum M4 = 1 = =20
m O3

l' —L— 78 = £7 i
e D625 =62.5%
Since, the efficiency of the machine at load 6KN and effort 0.9KN is 46.87% (less than
50941, therefore the machine is ireversible.

And, the efficiency of the machine at load 12KN and effort 0.7KN is 53.56% (greater
than 50%), therefore the machine is reversible,

53.56%

Maximum 5 =

& 20. a) Define mechanical advantage, velocity ratio, efficiency and effort of a
simple machine.
b) For a differential wheel and axle, the diameter of the wheel is 240 mm. The
larger and the smaller diameter of the differential axle are 30 mm and 70 mm
respectively. An effort of 320N is applied to lift a load of 8000 N, Determine — (i)
V. {ii) MLA. (iii) EMiciency of the machine, and (iv) Effort lost in friction.
[WBSCTE 2017]
Answer:

1) Mechanical Advantage
Mecharical advantage is defiged as the ratio of load to effort. Pulley systems rely on this

important relationship between load and effort. The formula seen below is best
understood by writing it within a triangle. This helps when it is necessary to change the
formula to find either; mechanical advantage or the oad or the effort. In this way three
formulas can be generated from the single formula inside the inangle.

Muochamcal laoad

/\ advartage  Eilot
Lond Mechanical
load = i g « EfTort
/ Mechanses| Eﬂ'm-\ VnGaR:
ad
\ vallags . Load

" Efforn =
N . M echanical

oh . nclvantige

PO =M

Simple Lifting Machines Me. 109

Velocity Ratio

Velocity Ratio (somelimes called movernent ralio) - is defined as the ratio of the distance
maoved by the effort to the distance moved by the load. The formula seen below is best
understood by writing it within a tiangle. This helps when it is necessary o change the
formula 10 find either; velocity ratio or the distance moved by the load or the distance
moved by effort. In this way three formulas can be gencrated from the single formula

inside the triangle,
Distance moved

Disitanice moved b Effort
by Joad - Veloaty mtio
[hstance moved
Velacity ratio. = oot ___
Dhstance moved
hy load
Mhstanee moved ~ Distance moved ki
by effort by Ioad i
In the ideal frictionless/weightless machine
Velocity Ratio = Mechanical Advaniage
The efficiency of a simple machine
EfMiciency = Work done by the machine / Work supplied to machine
Relationship between MA, VR and efficiency,
Efficiency = Work Output _ Load »Distance Moved by Load
Work Input  Effort % Distanee Moved by Effort
_ Load/Effort
Distance Moved by Effort/Distance Moved by Load
_ Mechanical Advantags

Velocity Ratio
Resulis: .
(i) Cfficiency of an ideal machine is 1, hence mechanical advantage = velocily ratio.
(i) Elficiency of practical machine is less than 1, hence mechanical zd\-n‘ruage is less
than veloeity ratio,

Effort: )
A _rorce called the effort force is applied at one point on the lever in order 10 move an
object, known as the resistance force, located at some other point on the lever.

b) Giiven, o, = 80mm, d, = 70 mm
£ =240 mm, W =B000N, P=320N

PMOLY=Me



ngs ENGINEERING MECHANICS Me.110 '

: _ . ¥ .
Velocity ratio is defined as ==[where p = Distance moved by effort. ¥ = Distanee
A
moved by the lead]
2Dy =240
d—d. 80-T0

VR= =48 (Ans)

Mechanical advantage, M 4 = W _ 8000
P30
Ma 25

Efficiency n=——=— - 52.08% (. N
Iciency 17 R a8 08% (Ans.)
Friction effort lost,

=25 (Ani.)

BOOC

W
F :p.__zg.zu__’—lﬁ.sm
48

oy VR

& 21, 3) Derive the conditions maximum efficiency of a lifting machine.
b) Im a lifting machine, the effort required to lift a load of 250 N and 375 N are
6 N and 70 N respectively. If the velocity ratio of the machine is 20, Determine-
(i) taw of machine, (1) efficiencies corresponding to load of 250N and 375N,
(iii} effort lost in friction in both cases, [WBSCTE 2017]

Answer:

a) Refer to Question Ne. | of Lang Answer Type Questions.

b} Refer o Question No. 2 of Long Answer Type Questions.

= 22, a) A simple screw jack has a thread of pitch of 10 mm, find the mechanical
advantage and efficiency, if an effort of 20N is applied at the end of an arm 500
mm long to lift a load 2.6kN.
b) The number of teeth on the worm wheel of a dooble threaded worm and
worm wheel is 25, The effort handle is 25 cm long and load drum is of 15 cm
diameter. Find the efficiency of the machine, if an effort of 300 N can lift Toad of
3.25KN. . [WBSCTE 2017]

Answer: J

a) Given, p= 10 mm = Piich of the screw pack.

{= 500 mm = length

F =20 N = Effort required to lift the load.

W=26kN=2600N

:
VR = =ﬁ=ﬂm{=3|4 16
Fie) 1]
Ma =X =2 i
P 20
MA 130

The efficiency of the screw jack = =41.38%

VR 314.16

T My
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b) Given, No. of teeth on worm-wheel, T = 25
Dia. of effort wheel = 25 cm.
2 25
. Radius of effort \f'hi.‘rl = 3 =|2.5¢m=1L

Do of logd drum = 15 cm.

(¥

. Radius of load drum - s T.3%¢m=r
Etfort, £ =300N
Load, W =325kN = 3250 N
LT 12525
i} F.R==—= =20.83
W 2r 2x7.5
[EJ |’3250
Mad \ P | 300 )

T _ L300 ) _ e
(ii) Efficiency. n FR IR M1.83

= 23, a) What is the law of 2 machine. From equation of law of machine find the
maximum Mechanical advantage and maximum efficiency of a simple lifting
machine. [WBSCTE 2018]
Answer:
Law of a Machine: The law of a machine is defined by an equation which gives the
relationship between the eflon required to raise the comresponding load. This is obtained
by drawing & graph between the effons and the corresponding loads lifted by the effors.
Figure | shows the graph between effort and the load. The various values of the efforts
required o rdise the corresponding loads are plotied. Then a straight line is drawn as
shown in Fig. 1. For an ideal-machine the straight line will pass through the ongin. But
for an actual machine, the straight line will intercept the y-axis as shown in Fig. 1. The
intercept {24 = Effart applied to the machine wo overcome friction. If the efforr applied is
less than (94, the load will not be lifted. The law of a machine is given mathematically
as: ' * y "
FEmEsg
where, v=Effort=PpP
x=Load =W
and ¢ = Constani
o The law of machine becomes
P=mW+e ..(1)

Ciraph fior aenoml machone

Eflai Py

Chiraph for ideal machine

Load (W] ——e
Fig: 1 Law of a machine

POLY-Me
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where,

m - Slape of the line 48 and is equal to o constant which is known coafficient of
fricoion.

e = lntercept of the line on v -axis and is equal to the effort required o overcome friction.

Expression for maximum mechanical advantage:
Eqn. (1) gives the law of 8 machine as

FP=ml¥ +¢
where F =Effort applied
W =Load lifted
From the above equation, the value of I is obtained as
mW =pP-¢
or. W=P_:f£[l—£J
m L L
or, Ez_r[rl_i] e ‘.2}
Pom P

*

But % =Mechanical advantage
From Fig. 1, it is clear that with the increase of W (load), the effort {P) increases.

With the increase of £, the value m‘% decreases as ¢ is constant. Hence from Eqn. (2)
it is obvious that with the decrease of % the mechanical advantage increases. 1f the

value of P is so large, that the value % becomes negligible, then mechanical advantage
will be maximum and its value will be obtained from Egn. (2), as

%:i ( % is n:gligihlt] )
Max MA = -L (
m

Expression for Maximum Efficiency:
Let V.R. = Velocity ratio of 8 machine

H
MA  p W
Then n=s=L
" "TVR VR Px(VR) .
We have
. [
£=lt]_£]
P m P

POLY-Me
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o L | [ &
_;“L\-’_R___m:(\-'_ll.] P
With the increase of load, effort increases. With the increase of effort (P), the value of

(T
r=—|1
"

w(3)

¢ ; . i R
- decreases and hence efficiency increases. If the value of # is so large that the value
ﬂfip is negligible or zero, the efficiency will be maximum, Hence maximum efficiency

will be abtaited by putting the value of % =0 in Eqn. (3)

1

e = (VR)

= 23.b) In a differential wheel and axle the larger axle is 200 mm in diameter and
the smaller one is 150 mm in diameter, The effort handle is 400 mm long. Find
the Velocity Ratio. If an effort of 150 N lifts a load of 1500 N, find the efficiency.

[WESCTE 2018]

Answer:

Effort handle, [ =400 mm

Large diameter of axle, o, = 200mm

Smaller diameter of axle, &, =130mm

Let. D =diameter of effort wheel

W =1500N
P=150N
) '_\L x
=~ Velocity ratin, V.R. = 44 =2w(" 1: 2 -mt_l =32
d, =d, [u‘,—d,] [200-!::0]
Mechanical advantage, M A, =E~ --@: 10
., B 150
. Efficiency. a;.|:M :EﬂljS%
V.R. 32

= 24. a) Deduce the expression for the condition of self-locking of a lifting

miachine, [WBSCTE 2018)
Answaer:
Condition for self-locking of a lifting machine:
When the actual effort P is removed and load W does not fall down, to the initial
position, the moching is sald to be self-locking, The load W will not fall down if the
work done by the force of friction is more than the output of the machine.
Let, W = Load lifted by the machine

# = Effort applied to Tift the load

POLT=Me
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v = Distance moved by the effort
v = Distance moved by the [oad

Then Input=Puxyp

Output =H"x v
But Input = Output + Work dene by force of friction
" Work done by faree of friction = lnput - Outpul=Pxy-IFxx ()

When the effort P is removed, the load #° will not fall down if the work done by the

rhme_nl"r:riaif_.m Is more than the output of the machine. And if the load is not falling, the
maching is said to be irmeversible. Hence the condition for sel [-locking is
Work done by foree of friction > Output of machine

Pxy-WxxsWxs [ Output=#" =]
or. Py v (W x x+ Fx)
= 2Wx
or, Wz Pxy
by, e @
Py 2 : R

We know, M:ﬁ_ 7
Input Py
Substituting this value in Egn. (2), we gzt
I
< — or, 30%
7 3 “a
Tuss the condition for self-locking or irreversibility of a machine is that its efficiency

should be less than 50%,

= 24. b) In 3 Weston's differential pulley cock, the difference in the number of
tecth of the two pulleys is 4. If the efficiency of the machine is 50% and an clTort

of LM N jusi lifis a load of 2 kN, find the number of teeth of the two pulleys.
. [WBSCTE 2018]

Answer:
Mechanical Advantape, M.A. e A 20
P00
_MA. 20
~V.R. VR.
20
= VR=sood0 [ op=30%=05]
Now, WV.R.= 2
. =¥
-
= w2 [gon)-4]

=

FOLT-Me
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=3 T, =#0

= 25, Ta lift a load of T500N, an effort of 200N is applicd to a2 machine. The load is
lifted by a distance of 0.2m while the efTort is moved by a distance of Zm. Find
the VI, MA and efficiency of the maching, Find also the ideal effort, effort lost
due ta friction, ideal load and frictional load. [WBSCTE 2027)

Answer:
Load lifted (W)= 1300 N

Effort {(£#)= 200 N

Distanee moved by load (x) = 0.2 m
Distance moved by effort () =2 m

2
SVR=2-—<10
0 5 0 -
w1300
iIMA= —==—0>=T75
(ii] > 200

(i) Efficiency of the machine, 77 :% — T(; =(.Ta=75%

(iv) 1deal effort (P) =2 = -lfﬂo;ﬁ ~150N
W

(v) Ellort lost due o friction= =(f- P")=100 = 1S0M=50N
(vi) Ideal load, P = (P = VFR})=200x10=2000 N
{vii} Frictional load, F, = (P« F.R) =W = (200 =10) - | 500 N = SN0 N

= 26. u) In a double purchase crab winch, no of teeth on pinions are 20 & 30 and
that of spur gears are 60 & 80. Radius of the load drum is 200 mm and length of
the handle is 300mm. Find the efficiency of the machine, if the effort 100N is

required to left a load of 750N,
) What are ihe sdvaniages of a Lifting Machine? [WBSCTE 2022]

Answer:
a) Length of the handle (L)= 300 mm
Radius of load drum = 200 mm
© Miameter of load drum = (2 = 200) = 400 mm
Mo, of teeth on the pintons are, T, =20 & 1, =30
No, of teeth on the spur pears are, T, = 60 & T, = 80,
Eftort () = 100 N
Load lifted (W) = 750 N
. Veloeity Ratio (V R} = ( :-!-I- \_T-’_‘. TLW = :—h:’;-ﬂ—ﬂ x tn -EE =ha
\D T T,) 400 20 30

FULT-Me
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. Etriciency M4
T
W 750
whereas, MMAA c—=—"" =75
£ 100

7.5
S ries -I—'T =0.625=0562%

-

.. The efficiency of the machine is 62 %,
b) Refer 1o Article No. 2 of Unit at a Glance,

< 27. A string is wound round & pulley of 0.30m diameter. A weight altached to
the free end of the string, describes a distance of 8m after starting from rest
within 4 secs. Find the angular velocity of the pulley. Also find the total distance
travelled by the weight to make the pulley rotate at 400rpm. [WBSCTE 2022]

Answer:

1" Part:

Given. s=8m

t=4 sac
Diameter of the pulley = 0.30 m

Mmufﬂwmu!q=%gm=ﬂ.15m

.. Linear velocity, v= -E; :-:— = 2mi/sec

We know, v=ra
=2=015=xa [.* @ = Angular velocity]
= @=13.33 radian/sec.

2 The angular velocity of the pulley is 13.33 rad/sec.

2" Part:

Here, &= 40rpm
r=0.15m

=4 sec
Let, The total distance travelled by the weight to make pulley = s
0 =an| Here, 400rpm = (400 % 0.1047) rad / sec |
=400 = 01047 = 4 = [67.52
y=r@=015=167.52=25m
5 The total distance travelled by the weight to make the pulley is 25 m.

POLY-Me

Unit 7: Motion in a Plane “

Unit at a glance:
7.1 Kinematical Equations in one Dimension

Rectilinear Motion: )

When a particle moves along a straight line, then the motion of the particle is known as
rectilinear mation.

Suppose a particle 15 started with velocity u and constant aceeleration a. Then after r sec
the particle moves the path 5.

Then, 5 - uf + IE-:H“
After t second the velocity will be v=wu +ar also it can be shown that v =u" + 2as
Distance travelled by the particle in n™ second is, 5, =u + ;{Eﬂ -1}

Time diagrams:

Uniform velocity Limifmem welociy
& {r
2 g
it 4]
2 a
—_— —
e Fime
Ulniform acceberation Uniform acteleration
- g
—w —
time e
Knefem Retardat on Linform Retardaton
=
g4 i
g it
—=
".?M Iime

Kinematics equations for motion under graviey:

Those equations will be same as the previous case, but a will be replaced by g which is
the acceleration due to gravity, It's value is 32 f/s or 9,81 mt, so the equation will be
always nole the g is tawards the centre of the Earth,
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If you consider from the ground o o point above the ground as positive direction then the
value of g will be negative.
So e eguations will be =

Dk s
N -
§=uf zg.‘
V=u+ gl
vi=u' +2gy

£-=n+;(1n--|)

Here downward direction, towards the center of the Earth is taken s positive. So the
value of g is positive. :

7.2 Newton's Laws of Motion

Newron s First Law of Morion states that 2 partic)e either remains at rest or continues o
move in & stroght Lire with & constani velocity provided that there is no unbalanced force
acting on it.
Newron's Secand Law of Motion states that the seceleration of a particle is proportional
Lo the resultant force acting on it and 15 direction 15 in the direction of this foree.
The mathematical expression of this law is

F=ma <4
Here £ is the force thatcauscs an acceleration of a to the body of mass m.
Newion's Third Law of Motion sizies that the forces of sction and reaction between
mteracting bodies are equal wn magniude, opposite in direcuon ind act along the same
line of suiion (collinear). In shory every action  is an equal and opposite reaction.

7.3 Momentum and Impulse of Force

Momentum is the prodact of the mass of » hody and i°'s velociy. Lee the mass of the
body i and welooity is v then the momentum af the body is my,

It's dimension {s [MLT '] and 5.1 unit is kilogram meter per second [ke-mis),

Impulse of force is the product of the average force multiplied by the time it 15 exeried
Also it's dimension is [MLT '] and Si unit of impulse is the newton seeand (N's) ar, in
base units, the kilogram meter per second {kl_rm.l.’sl

Change in momentum is known as impulse of force.

4 near
The 1ol momentum of two bodies remains constant afler their collision or any other
mutual action
Mathematically, mu +miu. =m, v + o,
Where m & m,; are mass of first & second body u, & m, are imitil velocity of first &
second body, v, & v, are final velocity of first & second bordy

T =M
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7.5 Rotational Mation
Angular displacement: I is the total angle, though which a body has rotated, it is
usunlly denoted by @ [t is defined as the angle in rdiens through which 2 point on line
has been rotated in specifed sense sbout a specified axis
Mathematically it is defined as @ = ay

fwhere = angular velocity; I =time; ! = angular displacemem)

Anguﬁr Velocity: [t is defined as the rate of change of angular displacement of & body
Angular displacement is always measured in terms of angle coversd by the body from the

imitial position.
Angular displacement = 2408 =# \
Time laken = ¢ 3 \l
Anguiar velocity = Angulr EEHPL“emMI = o.
time r
: - dii
Mathematically, it is defined as, w = T
f

Angular aceeleration: It is defined by the rate of change of angular velocity & unit of
angular acceleration is radius persecond’(rad/sec’) and it is usually denoted bya. It
may be constant as variable. [t follows the relation: et = ar

= (Angular Acceleration)} = (Lincar acceleration = radius) -

1.6 Relation between a Linear Velocity & Angular Velocity
The relationship between the lincar and angular velocity is. v = I where » is the
Imear velocity, r is the radius of the curve and @ is the angular velocity,

1.7 Relation between a Linear Acceleration & Angular Acceleration
Let Angular velacity of a bedy in radisec = @
Radius of the circular path in meter= r
Linear velocity of the particle on the periphery in m/sec = v
Alter one see, the particle will move v meters along the circular
path & the angular displacerment will be & radian.

We know “that length of the arc = Radius of arcx Angle
subtended in radian (if the angle subtended is very small).
Consider a hody ratating about its axis with a constant angular acceleration:

i -3 = —d—{r}= i(ﬁn]=r= ol srxdg
dt it ol elt

where @ = Angular aceeleration in rad/sec” and is equal 1o i—” .
t

POLY-Me
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1.8 Centripetal Force
It is a force which keeps a body moving with & uniform speed (ot velogity) along a
circular path and is directed along the radius wowards the centre of the curve,

7.9 Centrifugal Force

ltiza Ol.ll'u-'n.rd‘ force that draws a rotating body away from the centre of rotation and it is
caused by the inertia of the body.

Let the velocity at point P is Iu, & point Q is I”, and it subtended anangle of AQ. Let the

magnitude of velocity is fixed at v,

The value of centrifugal force = maor'r

As centrifugal force is equal & oppaosite of centripetal force, so—

Centrifugal force = mas'r

:;]hm m is the mass of the rotating body, r is the radius of the curve and @ is the angular
ocity,

k
The wark done by a constant force of magnitude Fon a point that moves a distnée d in
the direction of the force is the product, W= Fid .
S.1. unit of it is Joule.

7.11 Power
It is the rate of work. it is the amount of work done in unit time. 5.1 unit of it is Watt.

7.12 Energy _
Energy is the capacity of a physical system to perform work. Energy exists in several

forms such as heat, kinetic or- mechanical energy, light, potential energy. clectrical, or
other forms.
S unit of itis Joule.

( Short Answer Type Questions )

A. Choose the correct answer from the given alternatives in each of the

following:
L. The angular velocity of the second hand of a elock is - [Model Qluestion]

(1) 2 radfs (b) (n/3) rad/s {ch (w30 rad/y (d) (m/1800) rad/s
Answer: (¢)
1. Impulse (/) of & force (/) acting on a particle for timé £ is given by -

[Model Question]
P

{a) { tT (by ! —% (e} f="xt {d) none of these

Answer: (¢)

P Y -Me
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3. A body on or near the earth’s surface is seen to be atracied wwards the eanh but the
carth is not, because - [Model Question]
(a) the hody does not attract the earth
{b) the attraction in earth due to the body 1s very small
() Newlon's third law is not apphicable in this case
{d) none of above is true
Answer: (b}

4. The distance traveled by an object along a straight line in time ¢ is given by

¥ =3-4t+5, the initial velocity of the object 1s [Model Question]
{a) 3 unit (b} -3 unit {e) 4 unit {d) - 4 unit
Answer: (d)
5. A body is revolving with uniform speed *v' in a circular of radius °r". The tangential
acceleration is [Model Question]
(@ vir’ (by v'ir fc) vir {d) zero

Answer: (b}
6. A car moving with a speed of 50 km/hr can be stopped by rakes afier at least 6m. T
the same car is moving at a speed of 100 km/hr. the minimum stopping distance is
[Model Cuestion]

{2} 12m (b} 18 m (c) M4 m {d) & m
Answer: (c)

7. A man weighs 80 kg, He stands on a weighting scale in the lifi, which is moving
upwards with & uniform acceleration of Smis®. What would be reading on the scale?

(9= 10mis" )~ [Mode! Question]
{a) Zero {b) 400 N (c) BDO N (d) 1200
Answer: (b}

8. Ifthe radius of the eireular path of paricle going around the circle is doubled without
changing its frequency of rotation, the centripetal force on it is —  [Moded Question]
{a) unchanged {b) doubled {¢) halved, () quadrupled

Answer: (h)

9.  For a particle moving uniformly around a circular path of radivs r which of the

following is lruF":' - [Model Question]
(a) P by w=vxr {c) w:i {d} none of these
r v

Answer: (n)
10, In velocity-time graph, area enclosed with the time axis represents  [Model Question]

() displacement (b)) velocity (c) force {d) distance
Answer: (a)

POLIT-Me
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11, Time displacement graph of two particles, the angle between graphs with time axis
are respectively 30° and 607, The ratio of their velocity is [Model Question]
@3 () 1:43 (c) 311 (d)1:3

Answer: (d})

12. A particle is maving nlong a straight path with constant acceleiation of 4,0m/s’. 1f the
?nitinl velocity of the particle be 20 m/s, the distance travelled by it in the 5™ second
5= [Madel Question]
{a) 150 m (b) 40 m (c) 38 m (d) none of these

Answer: (c)

13 A body of mass 4.0 kg is hanged at the lower ¢nd of a spring balance whose upper
end is fixed at the ceiling of a lifi. 1 the Iift moves up with an acceleration of 6.0
m/s’, the reading of the spring balance is (Take g = 9.8 mis”) - [Model Quastion]
(8] 152 N (b) 240N (c]39.2N (632N

Answer: (d) '

14, Which of the (ollowing remains constam for 8 panicle executing uniform circular

motion? [Model Question)]
{a) Linear speed {h) Linear velocity
(¢) Linear acceleration id) None of these

Answer: (1)

15. The reardation {f) 2 particle moving along o straight pmh varies with time (1) as
f =41 . If the inivial velocity of the particle be zero, find the time which the velogity
increase (@ 32 ms ' , [Madel Question]
{a) 165 (h)%s fe)ds (d)2s

Answer: (b)

16. An electric fan is running at an angular speed of 120 rpm. The angular retardation
developed after switching off the fan is axf2rad 57, Find the time in which the

angular speed decreases 1o 30 rpm — [Mode! Question]
(a)51.3s (b)6.0s (e} 3.0s (dy .96 5
Answer: (¢)
17. Pawer is defined as - [Model Question]
{n) capacity of 4 systerm to do work fb) work done by o force

{c) rate of work done by & system () mone of these
Answer: (¢)

18, Work isa [Model Question)
{a) Vecior (b scalar {ch1ensor (dy none ol these
Answer: (h)

TN My
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B. Fill in the blanks in the following statements:
19, The maximum range of projectile is u’fg, wihere iy the tnfiind velecity of the partial
s the Earth 's grovitational _qoceleration, [Modal Question]
2, Acceleration is the rate of change of velocity, [Modal Questicn)

FLOMN zcts on a mass of 10 kg, than the mass s movime with an acceleration
. M force o ! g 3
of | misec” [Medel Question)

22, The relationship §=pr+ ] fi* is applicable when the body is moving with unifarm
2

acceleration. [Model Question]
23, The acceleration of a body may be defined as the rate of Change of speed
[Model Question]
24, The first law of Newton's laws of mation is known as low of fnertia
[Model Question]
25, Wait is the 8.1 unit of Power. [Model Question]
26. B.O.T. is the unit of gnergy [Model Question]

C. State whether the following statements are True or False:

27. For a particle of mass m and moving with uniform speed v along a circle of radius r,
there is no force acting on the particle. [Model Question]

Answer: False, centrifugal force is acting.

28. Mamentiom is & sealar quantity. [Madel Question]
Answer: False

29. Principle af rocket launching s hased on Newton's second law of motion

[Model Question]
Answer: False
( Long Answer Type Questions j

= L (#) A body Is moving with uniform acceleration and it covers 20m in 4™
seennd and 30m in 8" second. Find (i) the initial veloeity, (i) the acccleration of
the by,
(b} Define Velocity and Acceleration. [WBSCTE 2022)
Answir:
) Let the initial velocity = u
and acceleration s =
POLY-Me
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For the 1 part of motion travelled 20 m in 4 seconds,

l: =
o ety 71 ¢
el

_-.}Eﬂ—.ml'il_}.aiﬁ =4u+ 8a

LAu+8a=20 (D)
For the 2™ part of motion travelled 30m in 8 seconds, .

520430 ux8+ La(s)

= 50=8u+32a
= Bu+32a=35] e (11)
Solving (1) & (ii), we gel

15
HE-IP!!;S:S.TSm."s

Putting u value in equation (1), we gel,

I5
4,—+8a=20
4
=8a=20-15 .-.a=;;mr,;":ﬁ.ﬁ1§ms-‘
b) Difference between Velocity and Acceleration:
SL Velocity Acceleration
No.
L | Velocity is the rate ‘of change of | Acceleration is the ratc of change of
displacement. ' velocity.

2. | Velocity is a vector quantity because | Acceleration is also a veclor guantity as it
1 consists of both magnitude and | is just the rate of change of velocity, As
direction. velocity is & vector quantity, obviously,
acceleration is also.

3. | Velocity may be positive or negative | Acceleration may be positive or negative.
ar zero, It tannot be sero as it is defined as the
change in velocity or speed. This explains
that there should be some motion for
acceleration

4. | Slunitis m/s orms . ST it is m/s” or ms .
5. | Formula for Formula for

velocity = displacement/time accelerntion = veloeity/time i
= 2. State Newton's law of motion. [Ilmill Question]

Answer: Refer to Unit at a Glance 7.2.

PO =M
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= 3. Prove that Newton 1" law & 3™ law of motion are special case of 2" law,
[Model Question]

Answer:
Newton's first law form 2™ law: From Newton's 2™ law we know, [m) be the mass of
the particle, when we applied force (#) on a body then it must be the momentum (£}, so,
= mf

= H.‘_P:m,u =1

I

It the force which is not applied on a body, when P = 0. Since m and r not zero, therefore
P=0be(v—u) =0
(i) e ="0and v=10 means if no force is applied the body at rest will remain at rest. .
(i} v = u means if po force is applied the body's states of if the first two of motion.
Unifirm motion in @ straight line does not change.

The initial veloeity U and after 1 time velocity v, [ =

3" Law: If m, and m, be the masses of two particles, with uniform motion are in the

straight line. When they collide with each other, velocity and momentum will be

changed. Let, in small time &¢, momenium change in the mass m =&p, , Momentum

change in mass m, =8p,. From the principle of conversation of momemum, the lincar

momentum of the system remains constant or the change of momentum is zero,

Divided time by &/, E‘5-+Efi=u al the end point, when &7 —» 0, we get, L) 2 _op, .50
6r e L] ot

force applied on the body of mass m, = —{force applied on the body of mass m,)

OF aclion = — reaction.

It is the 3" law of motion.

2 4. State the principle of conservation of linear momentum. Maode! Question]
Answer:

Principle of Conversation of Linear Momentum:

ITno external foree sets on a system the momentum of the system remains constant.

Let two particles of masses m; & m> move with velocities u & - and collide after which
velocities become vy & vy respectively,

Then we have mu +mu, = mv +mv,

& 5 Define centripetal foree. [Mode! Question]
Answer:

Centripetal force: 1t is the force which is cominuously needed to move a particle in a
circular path with constunt angular velocity and which is always directed towards the

centre and perpendicular to the direction of the particle. Itis # = _ mas’r where m is

=
the mass of the body, # is radius of the path v is velocity & @ is angular velocity.

s
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= Define ST anit of force from Newton's second law of motion, Model Question]
Answert

From Newton's 2™ low of motion we get mf

where P is the force i is the mass of the body £is the acceleration.

From the panciple of dimen: . mal Imnu‘-gcm;iw Wi g

The dimension of R H. 8 is ma =[M||L 77

So dimension of L HS =[AL T

So the S.1. unit is, kg — meterisceond” which s commonly known as Newtan.

~ 7. Write down the na uc of the quantity playing the same role in curvilinear
motion as mass in linear motion. What is Parking orbit? What is the time period
of the satellite revolving in this orbit? [Model Question]

Answer:

The name of the quantity is moment of Inertia which plavs the same role in Curvilinear

molion as mass works in linear motion.

The Geo-stationzry orbit of 2 satellite is also called parking orbit.

The time period of the satellite revalving in the orbit is 24 hours.

= B Draw the velocity-time graph of & body moving with uniform velocity and

starting form rest [Mode! Question]
Answer: - .
__;-.
3 |
« Tum{:-l-
~ 9 What is the rotational amalog of mass? [Model Question]

Answer: -

Moment of ineria is a rotational equivalent of mass. It is a property of a body of
significant size which depends on mass, shape, distribution of mass and axis of
revalution, Mathematizally, [ = ]rr:d'_ where d_ (s the infinitesimal element of mass of

the body and r is the separation of said element of tuss from the axis of revolution.

= 10. (2) What do vou mean by impulse of a force? Derive its relation with
momentum.
(b) A force of 12N produces an sceeleration of 3Imis’ on a body and un
acceleration 4m/s’on another body of different mass, What will be the
aceeleration if the same force is applied on the combined muss? [Model Question)

Answer:

u) Refer to Chapter ar a Glanee 7.3,

LM

in a n ME12T
b) We know, P = ma i
Where, P = force in N, o = acceleration n m/fsee, m = mass in kg

. ‘ 2ol
1" case: Mass of the 1™ body = —= 7 =4 ke
o

i 5
2™ case: Mass of the 2™ body - 17" =3 kg
Now, il the same force is applied on the combined mass, the acceleration will e
2 |2 12, 3
g=—-= =— mifsec
m (34 4}

= 11. (a) A train is moving along straight rails. Draw velocity - time graph of the
teain in the following cases - (i) When the train is moving with constant velocity
{i1) When the train is moving with constanl retardation.
(h) A particle of travels 35 cm and 33 cm during fifth and seventh second of its
maotion. What will be the velocity of the particle after 9 second of motion?

{c] What is linear momenlum of body? [Model Question)
Answer;
ﬂ} {I:l Ulnalormn wobociny lEII} Uriform Reurdation
e z
£t ;
= =
— —i
e me
b) Distance travelled by the particle in 5™ second is 25 =y + %l{lt}— 1)
or, 50 =2 +%9g
LA+ Ba=30 ... (1)
Distance travelled by the particle in 7" second is 33=w +E—{H -1)
]
‘24 13a=66 .......(2)

- Acceleration (&) = dem/sec’
2 Welocity of the particle (43 = 7 em/fsee
5 The veloeity of the particle after 9 second of monitor = 7 em/sec

) Momentum s the product of the mass of a body and it's velocity. Let the mass of the

body is mand velocity (s v then the momentum of the body is my,
s dimension is [IMLT') and S0 unit is kilogram meter per second (kgm/s)

POLY-Me
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o 12 (#) Write the relation between torque and angular momentum.
(b) A machine gun has a mass 5 kg It fires 50 gram bullets at the rate of 30
bullets per minute at speed of 400 m/s. What force is required to keep the gun in
position? [Model Question]

Answer:

a) Relation between Torque and Angular Momentumn

It is torque(r) = rate of change of angular momenturm (dL4dr)

Where L is the angular momentum,

b) Let the mass of the machine gun, M =35 kg
Mass of the bullet, m = 50 g = .05 kg
Velocity of the bullet, v =400 ms '

Number of bulleis fired per second, n=

|

Bk | ==

Velocity of recoil of the gun, ¥=7
By the law of conservation of momentum,

MV 4 nmv=0
I
—x 0,05« 400
-:ra',11'3'=—”:::I=—3mc {x ==2ms"!

—ve sign shown that the gun reeails
». Force required to hold the gun in pasition.

1-30.05144}‘}

_ Change in mementun _ mmv

F
Time f |
or, F=10N

= 13, (a) I the velocity of a car moving along a straight path be doubled, the
distance by which it can be stopped becomes four times, Explain,
{b) Can be velocity-time graph of an object be a straight line parallel to velocity
axis? Explain.
fe) A force of 12N produces an accelerstion of 3m/s’ on a body and an
aceeleration 4m/s® on another body of differcni mass. What will be the
acceleration if the same force is applied an the combined mass? [Model Question]

Answer:

a) Let the initial velocity of car is u and acceleration f.

< W know that

V= -24

S0=u'-2f

I

ol 2}_

T Y- Me
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I we doubled the initial velocity the u, = 2u
2
L8 = 45 [Proved)
(g

ot L
=

b) The time velocity graph of an object parallel w the velocity {y - axis) never possible,
because parallel 1o velocity axis means L to time axis

This if the graph is parallel to velocity axis then we can say that at a particular instance of
time, the velocity increase from some ioitial value 1o final value. This means that the
velocily change oceurs at same time anu nence slope of the graph will be infiity, Thus
acceleration of the body s infinity, which is nuL pussible. Whereas it is possible that the
graph can be parallel o time axis; that meaiis body 1% moving with 2 uniform valocity

-

==
¢) We know that

F=mf

For st case, For second chse,
F=12N F.=12N

£i=3mié fo=amis
'i:IT,=%=%=4J.“L'l 'm.—i—.l-zzjkg

| T R 8
I we coimnbing these two abject then total mass become 7 kg and the force is same.
LF=12N

m="Thkg

af=Z

=17mis "

& 14. (a) Write down the principle of conservation of linear momentum.

(b} A bullet moving with a speed 200 ms' can penetrate 4 cm thick wooden
board. What will be suituble speed of the bullet to penetrate 16 cm thick same
wooden block?

(¢) A stone is dropped [rom the top of the tower S0m high. At the same time
another stone is thrown up from the foot of the tower with a velocity of 25 ms ',
At what distanee from the top and after how much time the stones cross each
ather? [Model Question]

POIL - Me
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Answer:
&) The principle of comservation of momentum staies that the total momentum of 4

::I:slem of colliding objects remains constant provided no resultant external force acts on
the system. '

b Initial speed of bullet, v = 200 m/s
S=dcm=004m

V=0

We know that,

V=t 2

0=200°=2x f «0.04

. 20200
Y 2x0.04

Second case

S =16em =0.16m

v=0

S =500000 m/5*

st=pta 25

0=t = 2=500000x0.16

u=y2x300000x0.16 =Zx5000216 = /10000~ 16 =400

- Initial speed of bullet is 400 m/s 1o penetrate the 16 em wooden block.

= 500000 m/s*

c) Lel, afier time 1 they will cross each other at h from the op.

First case, hx%g.r.' ::ng.Er: (i)
Second case, 50-—&=_'25!—%¥9.ﬂkf: (i}
By equaring (i) & (ii) .
S0 _l. 0 &%’ =25 —--|9.3r’

2 2
1=2

From (i), ﬁ=il—x9.3x2: =19.6
7. After 2s they will meet 19.6m from the top.

& 15. (a) A force acts on & rest body of mass 2 kg for 5§ seconds and then force
ceases 1o act gnd the body moves 80 m during 4 seconds. Find how much loree

was applied on the body?
(b) Explain — (i) why gun recoils at the time of firing? (i) Why bird cannot My in
vacuum? [Model Question]

POLY-Me

Motion in a Plane "Me. 134
Answir:
Al S =vr4 larJ
2

Here, 5=80m
v=0

t=4sec
_'.E’U——-ﬂflﬂ.lﬁ
2

a=10m/s
. Force F=ma [ m=2kg]
=2x10=20N

b) i} When we fire a gun obviously an explosion takes place inside of the bullets casing,
The result of that explosion is the actual bullet itself being propelied down the barrel and
out towards whatever direction the gun happened to be pointed in when it fired.

When we feel the gun's kick more appropriately called the RECOIL affect, all that is the
effect of the shell kicking backwards because of the explosion. So yes it's mainly just the
reaction of the now empty she'll kicking back or recoiling rearward. That's basically all.it
really is. But by the time that you are able to fegl the recoil by that time the bullet is

dlready long gorne.

i} Birds fly by displacing air, the same way you swim by displacing water. The two main
forces acting during {light are drag and lift. Lift is the responsible for making birds not
Iall down to the ground. Drag is a force opposed o the bird's motion

2 16.a)A particle is moving along a straight path with uniform acecleration a. Its

imitial velocity is w and final velocity after time r is v. Write down the relation

between r, v, @ and 1 and draw the v-t curve.

b) A constant foree of 6.0 N acis on a body for 4.0 seconds. Draw the foree vs.

time ‘I'-lpll and calculite the change in momentum of the body from the graph.
[Model Question]

Answer:
a) Afier ¢ time the veloelty will be expressed as:
: v=u-+al

Tiee w-1 curve is:
Che v-t curve is Unifoein acceleiuison

Vielocity
—

e
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l"
[i) 1 we combine Newton's second law, with the definition ol geeeleration, @ = dg .

This gives F = Alwy) :
Ar

So, Alm) =F.Ar = 6.0 % 4.0 =24.0 N seconds
Thus the change in momentum is 24 N seconds:
Change in miomentum

= 17 (a) Establish the relation between lincar speed and angular speed of a

particular executing circular motion.
(b} A body is released from the top of a tower. It reaches the ground after 3

seconds. Calculate the height of the tuwer and the velocity of the body just
hefore touching the ground. Also calculate the distance travelled by the body in
the last second of its journey, (g =10.0 m s7). [Mode! Question]

Answer: ;
a) Linear motion are classificd by £ (displacement), v (velocity) and a {acceleration),

Similarly for angular motion we have & (theta), w or omega (angular velocity) and & or
alpha (angular acceleration) and the most important parameters specifies the angular
movement is Radius (7). .

So seeording 1o the guestion - Every angular motion atributes is accompanied with
radius vector {r) when their linear parameters are caleulated.

Hence, displacement and radius are related as —s = (¢) = ( #!) angular velocity and linear
velocity are related as —v =(r} # (w)

angular acceleration and linear acceleration are related as - = (r) = (&)

where the product is vector product and all the parumeters defined are vectors,

Changing the parameters positions for product will result into change in sign or change in

direction of the resultant,

b 1™ part:

V=u'-2gh

u = [nitial velocity =0

b= (v - u'y2g = (29.4F/2%9.8) = 149,028 m

FOLT-Me
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2" part:

Here,

v = linal velooity

4 = [nitial velocity

£ = displacement

Sa, in efuntion v' - i = 2as, 5 is displacement.
V=(2)« 9.8 %441 -0

v =204 m's

3" part:

In this case we will use second equation of motion § = ut + (1/2)ar®

where, 5 = distance travelled (height) : .
u = initial veloeity (here 1= 0) ‘

a = acceleration due to pravity (9.8ms )

f=time taken

§=0xIH(1/2) =88 x3x3=41m

Equations of motion are valid only when acceleration is constant and metion is

constrained to & straight line.

< 18. Draw velocity-time diagram for particle travels with [Model Question]
(i} uniform velocity, (i) uniform acceleration, (i) uniform retardation.

Answer:

\':I::cuy UeJ::cln' Veloemy

& r

N = Constant of umfbein

—1r
—_—TY)
= YY)

e [ (5]

(iii) Uniform retardation

— Time (3 — Tomc (5
(1) Uniform velacily (1) Unmiform acceleranion

= 19, (n) A man of mass 45 kg stunds on a lift. When the lift - (i) is moving up with
nceeleration 4.9 m/s’, (i) when the lift is descending with acceleration 4.9 m/s’,

find out the reactionary force on the man in each case. [Model Question]
Answer:
(1) When [iit moving up with acceleration * @ °, apparent weight will be increased.

51.5
R=m(g+a)=45(9.8+4.9)=45x147= —-—-6513 kg wi

Apparent weight of the man =67 .5 kg wt.
POL =My
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(i) Whi n the liftis descending with sceeleration * a '

: 220.5
R=m{g-a)=45(93-49)N=d5x49= === =225 kg wt.

= 19 (b) A stone is freely dropped into a well. Its sound of im pact at the bottom of
the well is heard 6 seconds after it is dropped. If the velocity of sound is 320m/s,
what is depth of the well. [Model Question)

Answer;
Suppose the depth of the well = h metre.

Consider the time which the stone dropped into the bottom of the well = (; sec. and the
sound take time = ¢, sec, Therefore it can be said, 1, +1, = 6... (i) [u=initial velocity|
We know,

fr=ut+ % gt
I
or, =—gpt
23.
w, = 20 e )
E
The velocity of saund in air = 320 m/s.
h=320xr,
h o
ar; iy ==— s
r, ST (118)

From eq. (i) we get, 4, +1, =6

ar, :—h+ $ =f or, il.-i_‘fx-.fra";+ k =6
O | 320

=

or,  144,56vh +h=1920

Fi= 144,56+ J(144.56)" —dx12(-1920) 144,56 +169
2=1 2

=12.24  [(—) value can be neglected]

or,
169 = 144.56
o =_2,_

h=149.94 =150 metre
v The depth of the well is 150 merre,
& 20. Prove that: s = ur - —_: il [Model Question)

Answer:
We know acceleration is rate of change of velocity.

S0, ,f:%. where f is acceleration, v is velocity.

PLE-Me

Mation in a Plane

dls ok
v =-—, where 1 is displacement.
wll

s
S0 f =—
R
Integrating w.ri. « we get -

dr :
— = fi + ¢, where ¢ 15 a constant
il ; e y
at t=10, — as velocity = u {initial velocity)

ds
S0,e=un S—= fleu
ar A

Apain integrating we get — 5= /7° + ut + ¢
Atr=0,5=0

So, ¢ =0 LE=u -r—_l;ﬂ" (Proved)

Me.135

POLT=Me




| Question Paper 2017 (December) ]

1. A. Fill im the blanks lany tenk:

i} Eguilibrant force is equal and opposite to the resultant of several forees acting on the bady.

i) A resnlamt force is J cligle force which can replace two of more forces and predice the same
effect as the force.

i} The process of finding cul the resultand force of two or more given forces is ealled
composition of forces

iv] The turming of retational tendency of a force is called rorgue

] A-eoiiple has mo resultant force but has resultant moment.

vi] Principle of moments is based on Varipnon's sheorem

vii) Mhnamic or kinetic frction is always fess han the static friction.

viit) Frictional force is dircctly propomtional 1o pormal reaction.

%) Veloeity ratio of first system of pulley is 16

%) The C .G of 2 solid cirenlar come divides the height in the ratio Jof,

si] The maumum mechanical advantage of a lifting machine is Lin

xif) The diagram which shows all frces including reactions at the contact surface after emoving

supports 1 known as_free body diagram

B. State True or False (any ten):

i} If the arm of a couple is doubled, it*s moment will be same. [False]
ii) Moment of 3 force 1s & scalar guantity [False]
iii) The components of a foree along twa mutually perpendicular lines are called rectangular
components, [True]
iv] The resultant of twa like paraliel forces acts at a point between their points of applicition.
[True|
v} The distance of C.G. from its base of a right circularcone of height * 1 is. Af4 [True]
vi] Equivalent eouple is one where moment anddirection are different [False]
vii) At the paint of reversing the efficiency of a simple lifting machine is 60% [True]
viil) Veloeity rutio of a simple machine 15 eonstant [True]
IFalsel

ix] In actual machine Afd = FR
&) Load vs Effort graph 18 8 curve.

xi) A machine is said 1o be self-locking when its efficiency s less than 50%, [Truel
| False]

[Truel

xii) Semi-central angle in cone of friction s equal to angle of Irction,

: = .
2. ) Give geametrical represeriation of moment of a force
b) ''wa men earry o concrete block weighing 400 N using a light wooden plank on their shoulders
The stranger man carrics 225 N. How should the block be supported si thit the stronger man gets
his share if the length of the plunk between the shoulders i 3.5 meter?
al See Unit: Moments and Couples, Question No. 10 of Long Answer Type Queaiions.
b} See Unit: Moments and Couples, Question N, 3 of Long Answer Type Questions.

]
o

55
]
o,
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3. a) Write short notes on equivalent couple. 1' 15
b} A horizontal hl'idg: AB ol 18 meter long weighing |8 KN and rest on rwa supparts o its end ¥
What will be the pressure on each support when a ear of weight 5 kN staring from A is two ihind
ol the way across the bridge %

) Se¢ Unit: Condition of Equilibrium, Question No. 19 of Short Answer Type
Questians,
bl See Unit; Moments and Couples, Question No. 2 of Long Answer Type Questions

4. 1) State, explain and prove Lam| s theorem

b) A string AC af length 24 em is attached 1o a paint ona smooth verfical wall and W & pont on
the surface of a sphere of radius CO i5 12 cm. The sphere whose weight is 100 &% hangs in
equilibrium against the wall. Find the tension in the string and the reaction of the wall (Fig 1}~

Fig: 1
See Unit: Condition of Equilibrium, Question No. 15 of Long Answer Type Questions.

5. 0] State and explain triangular law ol equilibrium.
b1 A body of weight 200N is suspended by two sirings § meter and 12 meter [ong and sther ends
being fmstened to the extremitics of a rod of leneth 13 meter. 17 the rod is 1o rc-n‘h'!'" horrontal
determine the tensions in the strings, (Figure below)

tim

A

W= 20N
See Unit: Condition of Equilibrium, Question No, 16 of Long Answer Type Questions.

) Group-B
. a)} Define limiting friction and nonmal reaction,
b) A body resting on a hortzontal plane required 1 pull of 80 N inclined 10 30° to harizoatal jus 1o
mave (1 1L was also found that a push of 100 N inclined at 307 10 the horizonta) just meved the
body. Find the weight of the body and co-efllcient of friction

Hee Unit: Friction, Question No. 19 of Long Answer Type Questions,
POLY-Me
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7. &) Prove that angle of repose is equal 1o the angle of fhction
b)) A boad W oacts o an inclined plane of inclination @ to the horizonial, 1f the ca-efficient of
i oo b g, show that the horizontal force pecossary o move the load up the plane is

it TiLn &

< I
pian

See Unit: Friction, Question No, 20 of | ang Answer Type Questions,

§. a) Define the terms “Coefficient of friclion® and ~Angle of [Motiva™.

b) A uniform ladder of weight 1000 N, inclined 45° 10 the horizonml. rests with UppEr extremity
against # rough vernical wall and i1 lower extremity on the ground. Tind the least horizontal force
which will mave the lower end 1owards the wall, Given 075 and 0,20 are the co-elficient of
frictian at the lower and upper ends respect jvaly

al See Unit; Feiction, Question No. 21 of Long Answer Type Questions.

b) See Unit: Friction, Question No. 8 of Long Answer Type Questions.

3. 3) Find out the centroid of the uniform triangular lamina by methed of imegration.

b} Find out the centrold of an l-scetion has bottom Dange 20 cm=2 em, top Mlange 10 con=2 cm
and web 15 cm=2 om,

al See Unit: Centroid and Centre of Gravity, Question No. 2 of Long Answer Type
Questions.

b} See Unit; Centroid and Centre of Gravity, Question No. 14 of Long Answer Type
Jusstions.

Group-C
10, 2) Define mechanical advintage, velocity mtio, efficiency and effort of a simple machine.
B] Far a differential wheel and aale. the diameter of the whesl % 240 mm. The larger and the
smaller diameler of the differential asle are 80 mm and 70 mm respectively. An elfort of 320N is
applied to [ifl 4 load of 2000 M. Determine — (i) V.R (i) MLA, (aii) Efficiency of the imachine, and
(iv} Effort lost in friction.
See Unit: Simple Lifting Machines, Question No. 20 of Long Answer Type Questions,

I'1, 2) Derive the conditions maximum efficiency of & lifting inachine.

bj In a lifing machine, the effort required to 1ifl o lood of 250 N snd 379 N are 60 N and 70 N
respectively. I the velocity ratio of the machine is 20, Determine - 1) law ol machine, {if)
efficiencies comesponding to lead of 250N and 375N, ([ii) effor lost an friction in both crscs,

S¢e Unik Simple Lifting Machines, Question No. 21 of Leng Answer Type Questions.

12, 8) A simple screw' jack has 2 theead of piteb of 10 mm;, find the mechsnical ndvantage and
cfficiency. if'an effart of 20N is applied ui the end of an arm S00 mm long o 1ifl o load 2.6k,

bl_ The nimber of teeth on the worm wheel of i double threaded worm and worm wheel is 25, The
effon handie is 25 cm long snd load drum is of 15 cm diameter. Find the efficiency of the
machine, iFan cffort of 300 N can lifl Josd of 3.23KN

See Unil: Simple Lifting Machines, Question No. 22 of Long Answer Type Questions,

P A
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| Question Paper 2018 (December) |

1. A, Fill in the blanks {any ten):

« ) 1 n nurhhber of fordes pre acting simultancously on a particle, then the resultant of these lorces

will havi the same effect as produced by the all the forces. This is known as Farellefogram e

it) IF the two forces ™ and [J are acting a1 an angle & and their resultnt octing ot 2n angle o
: sin @

with P, Then tana ﬁ’:iﬂm a

ili) The effect of a couple acting on a rigid body is 1o rorere it without moving i as 2 whole

iv] If & body is in equilibrium. We may conclude that the resultant of all the foregs acting on it is

gerw and the moment of the forces about any paint 15 Zera,

v) The Lami’s Theorem is applicable unly for three coplanar and comcurrent and now-collimear

[oroes.

vi) The centre of gravity ef a right cireular cone of diameter (&) and height (£) lies al a distance

of fi#d from the base measured along the vertical radius.

vil) .G, is the point through which the whale weight of a body may be assumed 10 act

viii) The efficicncy of a screw |ack may be increased by imcreasing its piich

ix) The kinetie friction is slightly fess than the limiting fmection

x) A simple machine has only pire paint for the application of effort and load.

5l
xi) Instend of simple wheel and axle. differentinl wheel and axle gives = "u.:f Y.R

1~ 4y
xil) Thie smount oF effort required wo overcome the machine friction (5 given by acual effon-ideal
effort.

B. State whether the following statements are Troe or False fany tenj:

i) The elficiency of o screw jack is maximum when the helix angle is cqual 10 | 350 f' [True]
| |

3
I

i) The loree af friction between two bodies in contact is always normal 10 the surface of their
contact. X . [False]

25 . : .
i) Centroid of a-triangle lies at il from the base, where )i is the helght of 8 tnangle.  [False]

ivh A body is said te be o equilibrium, 1Tt has no lincar motion, |Faise]
v) A eouple can be balanced by a foree equal o its magnitude [Falsel
vi) Angle of repose is cqual 1o angle of friction, [True]
wiih A body isolated from all other suppors which are in contaet 1o it, is called a Free bods
[True]
wiii) Turning the cap of a pen 15 not an example of & couple. |Ealscl
ix} In cnse of a lifling maching load vs. Effort graph is n curve. [False|

x) 1T the law of litting machine is P = 0040 + 20, the maxmam mechanical sdvantage
Ans. 25
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%1} Mechanical advantage 18 the ability & a machine bo muliiply force | True)

i) The velocity ratio of a single purchase crab which can be increased by increasing number al

reeth on the pinion | Ealsel
Group-A

2 a1 Two concurrend forces A & N are acting at an ungle ¢, derive the expression of their

resultant force

by The resultant of two forces M & N is R N is doubled, R is doubled and if A is
reversed again doubled. Show that Af .'l-';.|'f:~'.-'_T \,E \E

See Unit: Basics of Mechanics & Force System, Question No. 15(a) & (b) of Long

Answer Type Questions.

3. a) State and prove Vangmon's theorem
See Unil: Moments and Couples, Question No. 1 of Long Answer Type Questions,

b) Replace the 10kN for by two downward foroe acting at C -and [ respectively, which will
disturh the overall external cffect on the berm
10N

b
See Unit: Basics of Mechanics & Force System, Question No. 16 of Long Answer Type
Questions, :

4. a) Define the propertics of & couple.
See Unit: Moments and Couples, Question No. 11 of Long Answer Type Questions,

b} Find the magniude of resultant force and #lso the angle through which the resultnt acts for
following system of forces

4k

s ) X

b L

&l

Sm

See Unit: Basics of Mechanics & Foree System, Question No. 17 of Lang Answer Type
Questions,

POLYT-Me

e p—

- ——

— B —— —a —

-

o ——

Question Papers Me 141

5, a] Describe brigfy the types of [oading and types of support of the beam
b) A simply supported beam AR of 6m span is subjecied o (oading as shown in Fig. Find the

support Reaction ot A gnd B .

Jk

I 5m
e

= ——, i

Soe Unit; Basics of Mechanics & Force System, Question No. 18la) & (b) of Long
Answer Type Questions,

Group-B
@, a) Write short note on: Laws of statie friction
See Unit: Friction, Question No. 5 of Long Answer Type Questions.

by A metal black of weight 200 N is resting on 3 harizonial surface. The co-efficiend of fnction

hetween the surfaces being 0.3, A pull is exerted on the block by means of a siring inclined 3t 30°
tothe horizontal which is sufficient to cause motion of the block. Calculate the magnnude of force

exerted by the string.
See Unit: Friction, Question No, 22 ui | ong Answer type (Juestions.

7. a) What is Centroid and Centre of Gravity?
See Unit: Centroid and Centre of Gravity, Question No. 15(a) of Long Answer [1]

Questions.

by Find the Centroid for the following figure having dimensions as shown.

|
S (N

-

| fem
Find the certre of Gravity of a *T" section with equal width throughout having dimensions as
shown in fig. All dimensions are in mm. .

S It

3
-—p
10

See Unit: Centroid and Centre of Gravity, Question No. 15(b) of Long Answer Type
Lluestions, -
[T e
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Group-C
& a1 What s the law of a machine. From eguation of Iaw of machine find the MAXNTLm

Mecanical advantage and maximum efficiency of a simple lilking machine
I} frva differential whveel and axle the farger axle is 200 mm in diamerer and the smalles one (s 150

muin in ditmieter The ¢ffont handle is 400 mm long. Find the Velocity Ratio. 1f an eiTor of |50 N
[ifis a load of 1500 N, find the ¢iTiciency.

See Unit: Simple Lifting Machines, Question No. 23(2) & (b) of Long Answer Type

Questions

9. a) Deduce the expression for the condition of self-lacking of a lifting machine.

bl In @ Weston's differential pulley clock, the difference in the number of leeth of the twe pulleys
is 4. If the efficiency of the m~chine is 50% and an effon of 100 N just lifis a load of 2 kN, find
e number of teeth of the two pulleyvs.

See Unit: Simple Lifting Machines, Question Na. 24(a) & (b) of Long Answer Type
Questions.,

|__Question Paper 2022 (January) |

1, A, Fill in the blanks (any ten)
i) Coeflicient of friction depends upon pature of the surfaces
i) Example of vector quality is yelociry.
i) The product of either force af couple with the arm of the couple is called poment of the
conuple.
ivi A heavy string attached al two ends at same horizomal level and when ceniral dip ks very small
zpproschcs the following curve Parabols.
vIThe centre of gravity a T-section |00mm= 1 50mm=50mm fram i1s bottom is 8235
vi} The mechanical advantage of a lifking machine is the ratio of foad lifted ro the effort applivd
vil}) From = circular plate of diameter 6em is cut oul n citele whose diameter is 4 radius of the
plate. Find the C.G. of the remainder from the centrk of circular plate 6.5 cm.
w11l In ideal machines, mechanical advantage is murerically equil velocity raiio,
ix) Frizticmal foree encountered afler commencement of mation §s called dynamie friction,
x) The sngular velocity (in radis) of a body rotating a1 N revolutions per minute is $2=0§2
NRADE .
xi) A machine hitving an efMiciency greater than 50%. is known as reversible machine
xii) The algebraic sum of maments of the forces forming couple about any point in their plane is
edqeiul ol of he
xili) The skidding away of the vehicle on a level circular path can be avoided if the Torce ol
friction hetween the wheels and ground 15 fess trem the centrifugsl foree
*iv) The slope on the road surface generally provided on the curves [y known as asigle of hamking,
x¥) On a ladder resting on smoolh ground and leaming against vertical wall, the foree of frietion
will be wpward at it upper end,
®¥i) The velocily of a body on reaching the ground from a height b, is M2
xvii} The ratio of statie friction 1 dynamic friction is always greater thin one

POL Y- My
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vliit A flywheel en a motor goes from rest 10 [O00 rpmt in G see. The number of reviolutions made
X f :

is nearly egual 1o 52 . - .

%ix) The angle which an inclined plane makes with the horizontal when o body placed ona it ia
ahiut to move down is known as angle ol reposes

Group-A
2. n) Define Scalar & Vecior guantity,

-

b The following forces are acting a1 a point. (1) 20N ineliried at 30° ovards north of east, (i) 25N
owards north. {in) 30N towards north of west ond (iv) 35N inclined at 40%towards south of wesl
Find the mignitude and resultant of the farce system . :

a) See Unit: Basics of Mechanics & Force System, Question Mo, 43 of Shorl Answer

Type Questions,
b) See Unit: Basics of Mechanics & Force System, (Question No. 2 of Long Answer

Type Questions.

3. &) The resultant of a force P ol 40N and an unknown force G, is known to be pt'rr‘ffr!-:‘h'ml ar in 1_‘.
If P iz replaced by a force of 70N in the same line of action, the resultant would be inclined = 43
ta the foree of TAM. Find the magnitude and direction of unknown force 0

b State and show by a skerch Varignon's Theorem.

a) See Unit: Moments and Couples, Question No. 12 of Long Answer Type Questions.

b) See Unit: Moments and Couples, Question No. 1 of Long Answer Type Questions.

4, a) State the conditions of equilibrium _

b} Farces ench af 4N [n magnitude act along AB and CD of a square ABCD and Torces cach of bN-
in magnitude act alang the sides AD and OB respectively i the same square. Find the moment of
the couple which will produce equilibrium. Length of each sides of the square is Blmm.

See Unit: Condition of Equilibrium, Question No. 17 of Long Answer Type Questions.

5, a) The resultant of two forces s 1ON and it is inclined at 607 o one of the forees whose
magnilude is M. Find the magnitude and direation of 1he other foree

b) State Triangle Law and Pamliclogram Law of forces

See Unit: Basics of Mechanics & Force System, Question No. 19 of Long Answer Type

Questions.

Group-8
6. n) State Lami’s Theorem
b) ARCDEF is 5 rectnngular hexagon, forces of 3, P, 10, § and AN are acting along AR CALAD.
AE and FA respectively and are in equiliboum. Determine the value of P &0
a) See Unil: Condition af Fquilibrium, Question No. 1 of Long Answer Type
Questions,
b) See Unit: Condition of Equilibrium, Question Na. 18 of Long Answer Type

Questions, POLF-X¢
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&) Determine the CG of the section above

b) Define OO0 of any section

a) See Unit: Centroid and Centre of Gravily, Question No. 16 of Long Answer Type
Questions,

b) See Unit: Centroid and Centre of Gravily, Question No. 34 of Short Answer Type

Quaestions.

Croup-
8. 8) What 15 Law of maching?
b} To lifi a load of 1500N. an effort of 200N is applied o8 machine. The lodd s lifted by o
distance of 0.2m while the effort is moved by a distance of 2m. Find the VE, MA and efficiency
of the machine. Find alsa the ideal effor. effort lost due to friction, ideal load and frictional load.
a) See Unit: Simple Lifting Machines, Question No. 4 of Long Answer Type Questions,
bl See Unit: Simple Lifting Machines, Question No. 25 of Long Answer Type

Chuiestions,

9.3} In a double purchase crab winch. na of tecth on pinions are 20 & 30 and that of spur gears are
60 & 30, Radius of the load drum is 200 mm and length of the handle is 30mm, Find the
elficiency of the machine, if the effort [00N is required to lefi 2 load of 750N,

b) What are the advantages of a Lifting Machine?

See Unit: Simple Lifting Machines, Question No. 26 of Long Answer Type Questions,

10, a) A body is moving with uniform acceleration and it covers 20m in 4" second and 30m in 8%
second, Find (i) the initial velocity, (ii} the acceleration of the hody,

b) Define Velocity and Aceeleration.

See Unit: Motion in a Plane, Question No. 1 of Long Answer Type Queslions.

TL A stning is wound round a pulley of 0. 30m diameter, A weight atached (o the free end of the
string, describes a distance of Bm aficr starting from rest within 4 secs, Find {he angular veloeity
of the pulley. Also find the total distanee travelled by the weight o makc the pulley rotme ar

AMrpin.
See Unit: Simple Lifting Machines, Question No. 27 of Long Answer Type Questions.
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