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PREFACE TO THE SEVENTH EDITION
[MECHANICS AND ELECTRODYNAMICS]

This is the revised and enlarged edition of the book “Properties of Matter” by Brij
Lal and N. Subrahmanyam. As per UGC Model Syllabus the name of the book is changed
to “Mechanics and Electrodynamics”.

The present edition of the book is revised as per the U.G.C. Model Syllabus. Topics
from Mechanics, Properties of Matter, Mathematical Physics, Methods in Physics,
Electrodynamics which constitute Paper I and Paper II for the First year degree course have
been covered.

Questions and problems including solved problems have been updated.

We hope this book will also benefit students appearing for IAS, AMIE and other
Competitive Examinations.

We are grateful to the students and teachers who have appreciated the book. Suggestions
for further improvement of the book will be highly appreciated.

Our grateful thanks to all the staff of S. Chand and Co. Ltd., Shri Ravindra Kumar
Gupta, Managing Director, Shri Navin Joshi GM (S&M), Shri Bhagirath Kaushik, Regional
Manager for getting the book printed in time and to Mr. D.R. Parab, Branch Manager for
the encouragement and co-ordination work.

JIVAN SESHAN



PREfFACE TO THE FIRsT EDITION
[PROPERTIES OF MATTER]

This book on “Properties of Matter” is intended to suit the needs of B.Sc. (Pass,
Honours and Subsidiary) and Engineering students. The book covers the topics included in
the syllabi of various Indian Universities.

The subject matter is divided into ten chapters. Each chapter is self contained and is
treated in a comprehensive way, using the S.I. system of units. Non-relativistic motion,
dynamics of rigid bodies, conservation laws, harmonic oscillators and superposition principle,
gravity, gravitation, gravitational field and potential, solar system, Universe, Galilean
Transformation and Special Theory of Relativity are some of the topics which have been
given special attention. Appendix at the end of the book contains some important topics viz.
Minkowski space, centre of mass system, moving charges in magnetic and electric fields,
space rocket, cathode ray oscillograph and cyclotron.

While preparing the book, it was assumed that the student is familiar with the basic
principles of Physics. However, some of the elementary discussions are also included (at
some places) to initiate an advanced treatment of the subject. Solved numerical problems,
wherever necessary, are given in the text. Exercises in the end of each chapter contain
questions which are largely drawn from the university question papers of recent years.

We hope that this book will be found useful by students and teachers. We will appreciate
any suggestions for the improvement of the book.

In the end, we sincerely thank Shri Shyam Lal Gupta, Director Eurasia Publishing
House, New Delhi for publishing the book.

May 15, 1980 BRIJLAL
N. SUBRAHMANYAM
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UGC MODEL SYLLABUS (COURSE-1)

MECHANICS, OSCILLATIONS AND PROPERTIES OF MATTER

. Mechanics (30) :

Laws of motion, motion in a uniform field, components of velocity and acceleration in different coordinate
systems. Uniformly rotating frame, centripetal acceleration, Coriolis force and its applications. (%)

Motion under a central force, Kepler’s law. Gravitational law and field. Potential due to a spherical
body, Gauss and Possion equations for gravitational self-energy. 7

System of particles, center of mass equation of motion, conservation of linear and angular momenta,
conservation of energy, single-stage and multistage rockets, elastic and inelastic collisions. (8)

Rigid body motion, rotational motion moments of inertia and their products, principle moments and
axes Euler’s equations. (10)

. Oscillations (25) :

Potential well and periodic oscillations, case of harmonic oscillations, differential equation and its
solution, kinetic and potential energy, examples of simple harmonic oscillations, spring and mass system,
simple and compound pendulum, torsional pendulum, bifilar oscillations, Helmholtz resonator, LC
circuit, vibrations of a magnet, oscillations of two masses connected by a spring. (10)

Superposition of two simple harmonic motions of the same frequency along the same line, interference
superposition of two mutually perpendicular simple harmonic vibrations of the same frequency, Lissajous
figures, case of different frequencies. )

Two coupled cscillators, normal modes. N coupled oscillators, damped harmonic oscillators, power
dissipation, quality factor, examples, driven harmonic oscillator, transient and steady states, power
absorption, resonance in systems with many degrees of freedom. (10)

. Motion of Charged Particles in Electric and Magnetic Fields (15)

(Note : The emphasis here should be on the mechanical aspects and not on the details of the apparatus
mentioned which are indicated as applications of principles involved.)

E as an accelerating field, electron gun, case of discharge tube; linear accelerator. E as defecting field-

CRO, sensitivity, fast CRO. 4)
Transverse B field, 180 deflection, mass spectrograph or velocity selector, curvatures of tracks for
energy determination for nuclear particles : principle of a cyclotron. 4)
Mutually perpendicular E and B fields-Velocity selector, its resolution. 2)

Parallel E and B fields; positive ray parabolas, discovery of isotopes, elements of mass spectrography,
principle of magnetic focusing (lens). 3)

. Properties of Matter (20)

Elasticity, small deformations, Hooke’s law, elastic constants for an isotropic solid, beams supported at
both the ends, cantilever, torsion of a cylinder, bending moments and shearing forces. (7)

Kinematics of moving fluids, equations of continuity, Euler’s equation, Bernaulli’s theorem, viscous
fluids, streamline and turbulent flow. Poiseulle’s law. Capillary tube flow, Reynold’s number, Stokes

law. (8)
Surface tension and surface energy, molecular interpretation of surface tension, pressure on a curved
liquids surface, wetting. 5)

)



UGC MODEL SYLLABUS (COURSE-2)

ELECTRICITY, MAGNETISM AND ELECTROMAGNETIC THEORY

1.

Mathematical Background

Scalars and vectors, dot and cross products, triple vector product, gradient of a scalar field and its
geometrical interpretation, divergence and curl of a vector field, line, surface and volume integrals, flux
of a vector field. Gauss’s divergence theorem, Green’s theorem and Stokes theorem. 7
Functions of two and three variables, partial derivatives, geometrical interpretation of partial derivatives
of functions of two variables. Total differential of a function of two and three variables, higher order
derivatives, applications. (6)
Repeated integrals of a function of more than one variables, definition of a double and a triple integral
evaluation of double and triple integrals as repeated integrals change of variables of integration, Jacobian
applications. @)

Electrostatics (30)

Coulombs law in vacuum expressed in vector forms, calculations of E for simple distributions of charged
at rest, dipole and quadrupole fields. (8)
Work done on a charge in an electrostatic field expressed as a line integral, conservative nature of the
electrostatic field. Electric potential ¢, E = — V ¢, torque on a dipole in a uniform electric field and its

energy, flux of the electric field, Gauss’s law and its application for finding E for symmetric charge
distributions, Gaussian pillbox, fields at the surface of a conductor. Screening of E field by a conductor,
capacitors, electrostatic field energy, force per unit area of the surface of a conductor in an electric field,
conducting sphere in a uniform electric field, point charge in front of a grounded infinite conductor.(12)

Dielectrics, parallel plate capacitor with a dielectric, dielectric constant, polarization and polarization
vector, displacement vector D, molecular interpretation of Claussius-Mossotti equation boundary
conditions satisfied by E and D at the interface between two homogenous dielectrics, illustration through
a simple examples. (10)
Electric Currents (steady and alternating) (10)

Steady current, current density J. non-steady currents and continuity equation, Kirchoff’s law and analysis
of multiloop circuits, rise and decay of current in LR and CR circuits, decay constants, transients in
LCR circuits, AC circuits complex numbers and their applications in solving AC circuit problems,
complex impedance and reactance, series and parallel resonance Q factor, power consumed by an AC
circuit, power factor, Y and A networks and transmission of electric power.

Magnetomstatics (10)

Force on a moving charge; Lorentz force equation and definition of B, force on a straight conductor
carrying current in a uniform magnetic field, torque on a current loop, magnetic dipole moment, angular
momentum and gyromagnetic ratio.

Biot and Savart’s Law, calculation of H order in simple geometrical situations, Ampere’s Law V. B =

0, V x B =y, J, field due to a magnetic dipole, magnetization current, magnetization vector, Half order
field, magnetic permeability (linear cases), interpretation of a bar magnet as a surface distribution of
solenoidal current.

Time Varying Fields (10)

Electromagnetic induction, Faraday’s law, electromotive force, ¢ = [ E.dr, integral and differential forms

of Faraday’s law, mutual and self inductance, transformers, energy in a static magnetic field. Maxwell’s
displacement current, Maxwell’s equations, electromagnetic field energy density. (10)

Electromagnetic Waves (10)

The wave equation satisfied by E and B, plane electromagnetic waves in vacuum, Poynting’s vector,
reflection at a plane boundary of dielectrics, polarization by reflection and total internal reflection,
Faraday effect, waves in a conducting medium, reflection and refraction by the ionosphere. (10)

(vi)



VECTORS AND SCALARS

1.1 Displacement
Suppose a body has to go from the position 4 to the position B. It can travel from 4 to B by
different paths (Fig. 1.1). It can go from A4 to B along the shortest straight line path 1, or the curved

paths 2, 3, 4 etc. Whatever be the path taken by the body, the

displacement of the body is always represented by the shortest

1.1
1.2

1.3

1.4

1.5

1.6
1.7
1.8
1.9

1.10
1.11
1.12
1.13
1.14

.

Displacement
Addition and Subtraction of
Vectors

Rectangular Components
of a Vector

Multiplication of a Vector by
a Scalar

Scalar Product

(Dot Product)

Law of Cosines

Vector Product

Area of a Parallelogram

Volume of a Parallelogram
Scalar Triple Product

Vector Triple Product
Unit Vector
Components of a Vector
Vector Triple Product
Reciprocal Vectors

distance between the two positions 4 and B. Thus, the
displacement from 4 to B is

3
equal to the distance covered RGN
EATIRS RN
along the path 1. Hence ALz Pt B
displacement is defined asthe .~ AN .
shortest distance between the |
initial and the final positions 4 K
of the body. .
A quantity that has only R ST ’
magnitude and no direction >
Fig. 1.1

is called a scalar quantity.
For example, the length of a bridge, area of a surface, volume
and mass of a body, density, speed, potential etc., are scalar
quantities.

A quantity that has both magnitude and direction is
called a vector quantity. For example, displacement, veloc-
ity, acceleration, force, momentum etc., are vector quantities.
A vector quantity is usually represented by a line with an
arrow head. The magnitude of the vector is shown by the length

of the line and the direction of the arrow represents the direction.

The magnitude of a vector quantity is called the modulus of the vector.

—

In Fig. 1.1, the displacement from A to B along path 1 is represented by a vector 4B . The
%

displacement B to 4 is represented by a vector BA . Here

-

-

AB = - BA N

The modulus of the vector 4B is represented as 4 AB |

To find the resultant of scalar quantities, they are simply added algebraically. To find the result-
ant of two or more vector quantities, simple algebraic addition is not applicable. The addition of
vectors is done by applying the parallelogram law or the polygon law of vectors.

1.2 Addition and Subtraction of Vectors
(1) Addition N N
Let a particle P be influenced simultaneously by two vectors 4 and B To find the resultant of

1



2 MECHANICS AND ELECTRODYNAMICS

- - - -

these two vectors 4 and B, draw the vector 4 and then draw the vector B in order (Fig. 1.2). The
—

resultant is given in magnitude and direction by the vector C .

A
Bi C
B B
C

(a) ()] ()
Lo Fig. 1.2
- A+B = ¢ L1
The resultant of B and 4 is also equal to C.
- o - o
A+B = B+ 4 1.2

Hence, in the addition of two or more vectors, the order of addition is not important. The same
result is obtained irrespective of the order of addition. Equation (ii) refers to the “Commutative Law
of Addition of Vectors.”

. A g - . . .
Consider three vectors 4, B and C acting simultaneously on a particle.

C/ A
B
PR
(@) (&) ©

Fig. 1.3
The resultant of these three vectors can be obtained by adding the resultant of 4 and B to C or by

adding the resultant of E and E to 4 [Fig. (1.3.)]. In either case, The same result is obtained.
- > - -> > -
(A+B)+C = (B+0C)+ 4
= Z+(§+E) ..1.3
Equation (7ii) represents Associative Law for the addition of vectors.
(2) Subtraction
The difference between two vectors 4 and
B is obtained by taking the vector 4 first and
adding to it an equal and opposite vector B. The P
resultant of 4 — B is shown in Fig. 1.4 P x B
Note. Addition or subtraction of vectors is X B
possible only when the vectors represent the Fig. 1.4
same physical quantity.

1.3 Rectangular Components of a Vector

N
Let E be a vector acting on the particle at O. The two rectangular components of R along two
— -
perpendicular directions (say X-axis and Y-axis) are given by 4 and B . as in Fig. 1.5.

- — —
R = A+ B



VECTORS AND SCALARS 3

5
Suppose A4 makes an angle 0 with R. The magnitudes of the Y g-=-=-m=m==mmn-
component vectors are given by

i
i
i
|Z|:|E|cos6 B N e E
- - . B i
|B| =|R|sinb .. 1.5 :
i
1.4 Multiplication of a Vector by a Scalar i
- > 0 ot
When a vector 4 is multiplied by a scalar n, the resultant vector R O > » X
- - 4
is equal to n4. The direction of R is the same as that of 4. Fie. 1.5
N N ig.
R = n4d

1.5 Scalar Product (Dot Product)
If 4 and B are two vectors making an angle 0 with each other, then their scalar product,
- - - - >
R = A.B=|A4||B|cos6 1.6
Here, Z . E is also called the dot product and it is a scalar quantity.

If O is zero, cos O =1,

\:

.17

Wl

If 0 is 90°,

I
iO S —

..1.8

Also ..1.9

Il
al

= |,_4>|(|§|cose):ABcose
=(|A|cosB)|B|=ABcosH

ml ol a8 oy
Wl Wl Wl Wl 8 wl

A

o —>
44— Bcosb —P A

Fig. 1.6 (a) Fig. 1.6 (b)
Example. Suppose a force F acts on the particle P and moves it through a displacement S as
in Fig. 1.7. The work done,

W=Fp s 1,10 ¥
W = |1_:>||§| cos6  ..1.11
or W = FScos 0 G112
Here W is a scalar quantity.
1.6 Law of Cosines
Usmg the dot product
i
R=A4-B
P - > - o - o
R = RR=(4+B) - (4+B)
-> > oS> o - >
= A-A+B-B+2A4-B
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A*+B*+2 4B cos (4, B)
= A>+B?>+2 ABcos 0 ..1.14
1.7 Vector Product (Cross Product)
If ,_4) and E are two vectors making an angle 6 with each other

then their vector product is given by R
- > o - o>
R = AxB=|A||B|sin 6
..1.13
- - . . .
Here A x B isalso called the cross product and it is a vector
quantity. The direction of E is perpendicular to the plane B
- -
containing the vectors 4 and B . 9
It is to be noted that if the order of vectors is reversed the sign
of the vector product changes. —y
A .
ZXEZ—EXZ Fig. 1.9
- o
A-B =(|A|cosB)|B|=ABcosB
Vector product obeys the distributive law : R

- - - - 2> S >
Ax(B+C)=AxB+ AxC
1.8 Area of a Parallelogram

Area of parallelogram = Base x Height
-
=|A|x|B|sin® = AB sin 0
- >
=AxB 115

Fig. 1.10

1.9 Volume of a Parallelopiped Scalar Triple Product

) > o o - > - X .
The quantity (4x B)-C isascalar. If 4, B and C are the sides of a parallelopiped then the
scalar product represents the volume of the

parallelopiped. 2B A
Volume = (base area) x height /54
- o § e
:|A><B|h i (,.Eh C Sin ¢
H
> o H ! -
= |Ax B|Csin ¢ A : B -
-> o o : 7
or  Volume = (AxB)-C .. 1.16 S RN
. .. Area=A B
Note. Scalar product is commutative i.e. 2
B e e S A
A-(BxC)=B-(CxA)=C-(AxB) Fig. 111

117
1.10 Vector Triple Product

Three vectors can be multiplied so that the resulting product is a vector
-> o> > -> o> > -> o5 >
AMB-C)=B(C-A)=C(4-B)

- 4 . - - . . . . g s . .
B - C isascalar. Hence 4 (B - C) isa vector multiplied by a scalar quantity (5B - C) . The direction of

the new vector is in the direction of 4



VECTORS AND SCALARS 5

Also, Z X (E X 8)
> > - -
(B x () isavector L rto the plane of B and C .

> o> o> - - >
Ax(BxC) isavector L rtoboth 4 and BxC.
> o o . - -
Ax (B xC) is avector in the plane of B and C.
It can be shown that ZX§XE:§(EZ)_E(Z§) ..1.18
1.11 Unit Vector
A unit vector is a vector of unit magnitude and has a direction. For the usual three-dimensional
Castesian Co-ordinate system the unit vectors are denoted by 7 ,

Z

7, k where { is along the x-axis, j along the y-axis and % along
the z-axis as in Fig. 1.12.

In component form i =[L0,0]
Jj=1[0,1,0]
and k=10,0,1]
Some other notations used for unit vectors are X, y, Z or
X, 6, 0r;;
wherei=1,2,3

Since the three axis are mutually 1 7, the following relation-
ship holds among the unit vectors :—

ii=jj=k k=1 ..1.19

and
i j=j k=ki=0 120
Also, from the definition of the vector product,
ixj=k Jxk=1 and kx i =]
Positive when clockwise i-j-k-i (alphabetical) and negative when anti-clockwise i-k-j-i.... (not
alphabetical)

jxi=—k; ixk=-j; kxj=-i
k i k i
i i
Clockwise Anti clockwise
Fig. 1.13
Note that ixi=jxj=kxk=0

1.12 Components of a Vector

5
In terms of unit vectors, 4 can be written as the vector sum of unit vectors, each multiplied by

the corresponding component.
A= Axi + Ayj in 2 Dimension.
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Y
A

- ~ A A . . .
and A= Axi + Ay ] + Azk in 3 dimension
- o
Ax=A- i
Note. Using unit vector notation, we have :
4 A A A
A=Axi+ Ayj + Azk
Ed A A A
B=Bxi+Byj+Bzk
- b d A A A
A+B=(Ax+Bx)i +(Ay+By) j+(Az+ B2) k
- >
Similarly for 4 - B
For scalar product of two vectors, we have
- = A A A A A A
A B=(Axi + Ayj + Azk) - (Bxi + By j + Bzk)
= AxBx (i -i)+ AyBy (j - }) + AzBz (k - k) + AxBy (i x J) 9
+ AxBy (i x lg) + AyBx (jx i)+ AyBz(j lg)
+ AzBx (k- 1) + AzBy (k - )
ii=1 and [ j=n=0
- o
. A-B =Axbx+Ay By + Az Bz ..1.21
The vector product can be written as
e d Ed A A A A A A
AxB=(Axi + Ay j + Azk) x (Bxi + By j+ Bzk)
= AxBx (i xi)+ AyBy (j x J) + AzBz(k x k)
+ AxBy (i x j)+ AxBz (;xlg) + Ay Bx (j x 1)
+ AyBz (jx k) + Az Bx (k x i) + Az By (k x )

ixi=jxj=0 andixj=k  jxi= -k etc.
4 - A A A
Ax B=AxByk + AxBz (- j) + AxBx (- k)
+AyBz(})+AzBx (j)+Az By (_})
=7 (A4y Bz— Az By)+ j (Az Bx— Ax Bz) + | (Ax By — Ay Bx)

Ax=A cos0

AL

Fig. 1.14

. LTk
In determinant form 4 x B=| Ax Ay Az

Bx By Bz
In component form

A+ (BxC) =Ax By Cz—Bz Cy) + Ay (Bz Cy — Bx C2) + Az (Bx Cy — By Cx)  ..1.22
Ax Ay Az
or Z'(Exé): Bx By Bz
Cx Cy Cz

1.13 Vector Triple Product
> o o [ — — — >
Ax(BxC)=B(A-C)-C(4-B)
> o o - -
Now 4 x (B x C) is a vector which is Co-planar with B and C
s - -
Let Ax(BxC)=AB+nuC ..1.23
where A and p are scalars
> o o -
Now Ax(BxC) is Lrto 4
. e
Implies S A [Ax(Bx(O)]=0
- > - o . .
Hence A 4- B +p 4- C=0 (Multiplying R.H.S of Eq. 1.23)
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7
Let ﬁxﬁ:T_i:x(say) A
A-C A-B
- >
A=x(4-0C)
- > -5 Y
p:—x'(A'B) I\P’ C
Eq. 1.23 reduces to
- o > - 5 o - o> — w Y
Ax(BxC)=x-(A-C)B-x(4-B)C >
> N T
B
To find x, let Z:E:iandzzj
-2 2 N N M
Ax(BxC)=x@G-))i—-x(@-1)J . RO
Subt ix(xj)=0-xj
PO . n Fig. 1.15
ixk=—j=—xj sLx=1
Coixj=k i-j=0 {i-i=1)

Hence rule, B, .— C,, rule

1.14 Reciprocal Vectors

. - >
Consider a system of non-Coplanar vectors g, b,
- > >

vectors o', b/,

5
¢ and another system also of non-coplan ar

They are reciprocal vectors, if

-> o -> o -> o
- bxc / cxXa - axb
a' = ,b' = and ¢’ =
— - - - - - - ..1.24
a-(bxc) a-(bxc) a-(bxc)
.. e e e e
Thisissobecause 4 -g'=p -p'=¢c - =1
- Z - N
- - . -
ie. a-a=2 (b x c) similarly for 4" and ¢’ .
-> o5 o
a-(bxc)
. . - . g -
From Eq. 1.24 it is clear that 4’ is L to the plane of p and ¢
e
Hence d-b=d -c=0
e
or b-a=bc=0 also
> o5 o o
c-a=c"-b=0
Since the two systems are reciprocal of each other the inverse relation follows :
- - - o
*)_ b!XC/ Z_ C!Xa/ .*)_ a/Xb/
a_ﬁ > 5270 T S *)*)’C_H -
a - xc) a - ('xc a - ('xch
- = - - o> - .
Example. If g, a,, a; and b, b,, b, are reciprocal system of vectors, prove that
e e e T S
@ xb +a,xb, +ay;xb =0.
Solution. By def. of reciprocal vectors we have
- -> o -> o
T M, Xa 7 @,Xaq T g X
bl_*) — *)’bz_*) — *)’b:"_*) - -
a (4 X a3) a " (ay % a3) a (4 X a3)
- - -
> = g x(ay,xa
a x b] — 1 ( 2 3)

- - -
a - (ay x a3)
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