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BACHELOR OF SCIENCE (B.Sc.)
(BSCG)

Term-End Examination

December, 2022

BPHCT-133 : ELECTRICITY AND MAGNETISM

Time : 2 hours Maximum Marks : 50

Note: Answer all questions. Internal choices are given.
Marks for each question are indicated against it.
You may use a calculator. Symbols have their usual
meanings. The values of physical constants are
given at the end.

1. Answer any five parts : 5x3=15
(a) The potential that represents a force is
V(X7 y, Z) = 9 k2 9
x“ +y“+z°)

where k is a constant. Using the definition
> >
F =- V V, calculate the components of this

force. 3

(b) Obtain a function ?(t) which satisfies the

relation :
= A
da(t) =t/i\ + sin (nt) 3\ + (éj k
dt t
. - A A N
Giventhat a (1)=31i + j +4k. 3
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(c)

(d)

(e)

®

(g)

(h)

What is the electric field of a particle having
charge —4-0 x 109 C at a point 2:0 m away
from it ? Determine the electrostatic force

exerted on an electron placed at that point.

The electric flux through a closed spherical
Gaussian  surface of radius 01m
surrounding a charged particle is equal to
1500 Nm2 C-1. Determine the value of the

charge on the particle.

What is the difference between polar and
non-polar molecules ? Give one example

each.

Distinguish between diamagnetic,

paramagnetic and ferromagnetic materials.

A solenoid of length 10 m and diameter
0-2 m has 100 turns of wire. What is the

self-inductance of the solenoid ?

Explain briefly, the asymmetry in Gauss’s

laws for electric and magnetic fields.
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2. Answer any five parts : 5x5=25

(a) Using Stokes’ theorem, evaluate

- —> - A A
A .dl where A =2z2j +yzk and Cis

C
the boundary of a triangle OPQ with vertices
0(0, 0, 0), P(0, 2, 0) and Q(0, 2, 1). 5
(b) Apply the Divergence theorem to compute
J.J- Z . d§> where S is the surface of the
S

cylinder x2 + y2 = a2 bounded by the planes
e d A A A
z=0,z=band A =xi —-yj +zk. 5

(c) Two point charges +4q and +9q are placed at
rest a distance R from each other. Determine
the position of a charge +q placed on a
straight line joining these two charges, if it

is in equilibrium. 5

(d) A uniform electric field of 4-0 x 103 NC-1 is
in positive =x-direction. A positive point
charge of 1-0 uC is released from rest at the
origin. Calculate the potential difference
V(4) — V(0). What is the change in the
electrostatic potential energy of the charge

when it is moved from x=0tox=4m ? 3+2
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(e) Consider a parallel plate capacitor made up
of two rectangular plates of area of
cross-section 6-45 x 10-4 m? and separated
by a distance of 3-0 x 103 m. A voltage of
10 V is applied across the plates. If a
dielectric material of dielectric constant 5:0
is introduced between the plates of the
capacitor, calculate the charge stored on

each plate.

(f) A square current loop of side 3 cm consists of
50 turns and carries a current of 1A.
When kept in a uniform magnetic field it
experiences a torque of 3x 103 Nm
resulting in making an angle of 30° of its
plane with respect to the magnetic field.
Calculate the magnetic field.

(g) Obtain the maximum value of displacement
current in a parallel plate capacitor made of
plates of area 1:0 m2. It is given that the
electric field between the plates is

E = E( cos ot with Ej = 5:0 V and frequency
10 MHz.
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(h) The electric field given by

- A
E =(500 Vm—1)x [cos (100 y — ot)]

represents the electric field of a plane
electromagnetic wave in a charge-free and
current-free  region. Determine  the
wavelength and frequency of the wave, and
the direction of its propagation. Calculate

the associated magnetic field. 5

3. Answer any one part : Ix10=10

(a) (1) State Gauss’ law. An infinitely long
uniformly charged solid cylinder of
radius R has positive volume charge
density p. Determine the electric field

at a point inside the cylinder. 5

(ii)) Using Biot-Savart law, derive an
expression for the magnetic field at a
point P located a distance of R from a
wire AB carrying a current I. What
would be the magnetic field if the wire

is of infinite length ? 5
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(b) Obtain the conditions for the following
time-varying electric and magnetic fields to
satisfy the Maxwell’s equation in vacuum

with no source charges or currents :

= A
E = jEjsin (z —vt),
- A
B = iBgsin (z - vt).

Physical Constants :

1 9109 Nm? 2
47'[80

—e=-16x10"17C
go=885x1071% €2 N1 m~2

bo = 1:26 x 107 Hm™!
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.. e L3 .-133
o= wrae (<. ua )

(. e =t 6.
qaTd dien
feawn, 2022
.. T €. 24133 : g o gashea
T : 2 TR ST 37 : 50

Tz: @yt g & I T | HaRkF [FHeT 3T 7T F
T 7 & 3 39 GHT 13T T F | 3T depict
FT IYINT H Ghd & | Idibl @& 3797 G 37 §
yifaes FRadaisl & g7 sfa § R 1w § /

1. gl grer wmmi & 3w AN . 5x3=15
(%) TH o Bl &g wE gren fava F=faRaa
3
k
V(x,y,z) =
o (x2 +y2+ zz)

S k SRR | TR F = v V T I
FTh 3U F o T THehietd hifTT | 3
(@) T WH Sed & (t) T HIfre s Hey
e A A A
dat®) _ % | gin(at) | + (f) k
dt t
%I TIE ATl &1, Jareh fen T 7 T
2M=31 +] +4k. 3
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(T1) 3MES — 4:0 x 10-9 C I TH HU HI ITH
2:0 m % g W fogd-&% #a1 7 ? 36 fog W
W@ M gAEdE W ARG fRRdgd se .
HIT | 3

(9) B 01 m 91 T &g MARR TSH I8 &,
S Tk AT HU Rl UREg HT B, B A
T I AEE 1500 Nm2 C-1 8 | 0 W
AT T A TRehierd HIT | 3

(¥) ygd R rydia Tuel § w1 T gl 8 ?
Sedieh 1 T IETEW AT | 3

(F) ufagesh, I 3R AR-gahE gl |
HA T8 HIT | 3

(3) 10 m I« 3 0-2 m =AH 1A R & HIHIES
T 100 W 3§ | HicHisS o T9-Uehcd 1 HH
qiepfora shifeie | 3

(¥) foggq ot gehm &=l & forw mew fem #
srufafa 6t wferd smen $ifu | 3
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2. fodl gier 9 & I T : 5x5=25
() @wmwwm§ A.dl w uH
C

WW,WX:Z2§+yzﬁ%3ﬁ'{
C, Brgs opQ H uftdmr 2 foweh fiv-forg
0(0, 0, 0), P(0, 2, 0) 3T Q(0,2,1) & | 5

(@) Wﬁ?ﬂﬁqaﬂtﬂ?ﬁﬂaﬂﬁ‘gjf A.dS
S

trﬁzsl%maﬁﬁmagf Z :x/i\ —y/j\ +zﬁ %
I S THAe! z = 0 3R z = b g UNEg S
x2+y2=a27=|'7f‘3:§%| 5

(M) QI fog STmER +4q 3R +9q I FomTEEen §
-G H gl R @1 91 8 | 39 & A=l
! ST ITefl Tl W@ W W1 1 Teh 39
+q Ife amETaEr ® |, 9 39 feufa s
HIT | 5

(1) forelt T W oATeneh x-foRm § 4-0 x 103 NC-1
%1 TheHH fogd-a formm 8 | 39 a9 § qw
fag W & 1:0uC H forg wATH® STTEW
formmraeen @ ®rer ST 7 | fogq fawaEr
V(4) — V(0) Ufehfad FIST | x =08 x =4m
Toh of I § e <l feemaa feafas oot #
feraa uftad= grar 7 2 3+2
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() THh THIAR I TEIRET <l & STFATHRR el
T FABA 6:45 x 10-4 m2 3 3T o= h
g 30 x 103 m @ | Wl W 10 V dreedl
TR S 7 | A e d @i % a
B3cifdeeh Hadme 5:0 9TaT SIEsaiiaesh qard
@1 MY, 1 Iedeh Tl W Hied a9 1 9
giehfetd I |

(F) Y 3 cm A Th FIHR g/ @, Srod i
Il TEA 50 B, § 1A €W yAIRd Bl R |
e 36 T4 I THEHM Geh &F § @1 AT
®, O $Hh G A TA-MMEHU H HH
3 x 10-3 Nm & 578 R U, Jehid & h
o @ 30° % 1 W TR grar 7 | e &
%1 T IHEhiTd I |

(B) ™ WM wie guiia H, et wel @
&% 1-0 m2 B, foeemum am <1 Aferenad o
I HiT | fem e R fR wiel % S @
ﬁ@ﬂ-@ﬁE:Eocoswt%GﬁE():S-OV?:ﬁ'{
3Tgf 10 MHz # |

BPHCT-133 10



(F) E = (500 Vm-D)} [cos (100 y — o) ZI e
T foRIq-& ST W YA AR g-Th
YN § Ush HAS TIgd-gerehid al o foed-a
%! FEUd A 2 | T & quIeed IR A,
e T He R o Heag geh a

T A | 5
3. Tt gem v w1 S i 1x10=10
(%) () e fam sage | B R 9 thEEE

AERT W @98 Il 3E qAH H
¢TcHeh AT A6 Ocd p 8 | 9 &
fopelt a77dftep formg W forgd-&m 1 7 A1a
HIT | 5

(i) SrEN-EEe M @1 3T W dR AB
fraw a1 yerled &1 W g, ¥ 3 RW
feuq fopet farg P R graehia &= & fag
SSeh Fodd hiT, | I IR i A9
A B Al gERI-ATA FIAHA FT M2 5
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(@) 3 ufqaai 1 gma  difsre e siefi=
freafafea amaafed fogq o g &=
arrew 3R g fada frafa & fagaa adfisr
%I TIE A @ : 10

= A
= jEg sin (z - vt),

E
> A
B = iBgsin(z - vt).
vifa® [Aaare

1 9109 Nm? 2
47'580

—e=-16x10"17C
go=885x1071% €2 N1 m~2

Ho = 126 x 107% Hm™*
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