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BACHELOR OF SCIENCE
(GENERAL) (BSCG/BSCM)

Term-End Examination
June, 2025

BPHCT-133 : ELECTRICITY AND MAGNETISM

Time : 2 Hours Maximum Marks : 50

Note : Attempt all questions. Internal choices
are given. Marks for each question are
indicated against it. You may use a
calculator. Symbols have their usual

meaning.

1. Answer any five parts : 3x5=15

(a) Determine the gradient of the following

scalar field :

f=2ysinz—xy

at the point (1,2,%).
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(b) Calculate the line integral of the vector
field :

H

H

F=-"’

,

along a curve 7(t)=ti+tj+tk with
1<t<2.

(c) Two point charges +3qg and +qg at rest
are placed at a distance ‘a’ from each
other. Determine the position of a
charge +q placed on straight line
joining these two charges, if it is in

equilibrium.

(d) A Gaussian surface of cylindrical shape
(of radius 1.0 m and height 10 m)
encloses a few positive charges.
Assuming that the electric field due to
these charges is normal to the Gaussian

surface and has magnitude 1000 NC-1,
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calculate the volume charge density of

the charge distribution.

(e) A thin dielectric rod of cross-section A
extends along x-axis from x =0 to x =L.
The polarization of the rod is along its

length and is given by :

—> 3 A
P=(ax” +b)i

Obtain the bound volume charge
densities and the surface charge

densities at each end of the rod.

() A long straight conducting wire carries
a current of 20 A. Determine the
magnitude of the magnetic field at a
perpendicular distance of 0.30 m from
the wire.

(g) A typical ignition coil (made of two
coils) draws a current of 2.0 A, and
supplies an e.m.f. of 25 kV to the spark
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plugs. If the current in the two coils is
interrupted every 0.08 ms, what is the

mutual inductance ?

(h) The electric field of an electromagnetic

wave 1n vacuum 1s given by

X

E. =0, Ey:3OcosK2—3njx—2nx107t]

E, =0, where E isin Vm!, t in s and x

1s in m. Determine the frequency v and

wavelength .

2. Answer any five parts : 5x5=25

(a) Evaluate the integral using Stokes’

theorem :

@CA-dl

-~ ° 24 9 7
where A =(3x-y) —2yz°j—-2y“zk and
C bounds the surface S of the sphere

x2+y2+22:16, z>0.
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(b) Using Gauss’ divergence theorem,

evaluate the following surface integral :

{p. v-rdS

n

where U =xsin? yf +10 xz}' +zcos? yl%
and S is the surface of a sphere with its

centre at origin and radius 2 units.

(c) Consider a parallel plate capacitor

made up of two rectangular plates of

2

area of cross-section 7.5x10"*m? and

separated by a distance of 2x10°%m. A

voltage of 90 V is applied across the
plates. If a dielectric material of
dielectric constant 6.5 1is introduced
between the plates of the capacitor,

calculate :
(1) Capacitance of the capacitor
(i1) Electric displacement D.
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(d) Determine the electric field due to an
electric dipole at the midpoint of its

axis.

(e) Calculate the work done to transport an
electron from + ve terminal of a 9 V

battery to its — ve terminal.

(f) A toroid of mean circumference 0.50 m

has 300 turns, each carrying a current

of 0.01 A. Calculate the value of ﬁ and

-

B of the toroid has an air core.
—

Calculate the wvalue of B and the

%
magnetisation M if the core is filled

with iron of relative permeability 4000.

(g) A solenoid is 0.8 m in diameter and
2.0 m long. The magnetic field at its
centre is 0.30 T. Estimate the energy
stored in the magnetic field of the

solenoid.
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(h) The speed of light in a dielectric
medium 1s one-third 1its wvalue 1in
vacuum. Calculate the refractive index

and dielectric constant of the medium.

3. Answer any one part : 1x10=10

(a) State Gauss’ law. Two concentric thin
spherical shell of radii R; and Rs (with
R, >R;) carry uniformly distributed
charges Qi1 and Q2 respectively. Use
Gauss’ law to determine the electric
fields at the distance r from the centre
for (@) r<R;, () Ry<r<R; and
@) r2R,. 10

(b) (1) State Biot-Savart’ss law. Deduce

an expression for magnetic field B
due to a long straight wire carrying
current I. If I=10A, determine the
magnitude of the magnetic field at
a perpendicular distance of 0.1 m

from the straight wire. 5
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(i1) Obtain the condition for the

electromagnetic field described by :
_) A
E = Eyz(cos kx cos ky cos wt)
H A .

and B =Bj(xcoskxsinky —

ysin kx cos ky) sin ot

to satisfy the following :

GX_B) i@ 5
2 ot
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[EEIERSIGEN L))
(aft, wa.-dt, Sit /&, Ta, 9t Tm)
i Ul
S, 2025

.U T, HLET, - 133 : faRa iR Jawa

gHg ;2 qU2 SIfeFaH 37%F : 50

T G gIT g HifoT/ alked fadey few T &)
IF J99 P HF 9P GET kT W &1 3
Hohel H YA FX THA &1 FAHE H 379
a7 &

1. fo=gl uter 9M < ST SIfT . 3x5=15

(%) fag (1,2,%) T 3T & f=2ysinz—xy

& ToTu yaurar gfiehfera shifeld |
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(B)THh 7)) =ti +tj +thk & AR 1<t<2 &

—

Wvﬁm%aﬁ:-% F Y@ GEHA
r

o

qfehfard shifs

ol

(1) < fog el +3g R +¢ w1 foxmmazen §
TH-TW I ‘o’ W @ S 71 37 ST
%! STeA aTell 1@ W @ ™1 Th 3TE9 +q
Ifs grmaE | 3, @ suet feafd @ S

(%) = 1.0m 3R H9E 10 m T SATHR
T I3 N /S UcHh STA¥ RS ¢ |
M & o 37 STowll & SR foga &5 TedE
53 & dead § SR IHHT TR 1000 NC-
Tl oW famw w1 STEA AP

~

qfehfad hifs

d |
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(¥) T Uacll SEafRs T81d & §8 & TIIe

afieee ®1 SFhA A ¥ BT x-3& & ST
x=0"x =L T T T ST F I TR
daE & offew ¥ R sHew WM

P =(ax® +b)i %1 B T URerg T 99
T AR YIE TR W IReg 75 1w w1E
T RIS |

(I) T oo, 98 I H 20 A YR Yafed et §1

TR F 0.30 m T T W JAhRE &
9T RehRfed shifeia |

(D) TH F&U THIYE Hgalt (S S Hsfordl d ot
B ®) H 2.0 A ¥R Yenfed Bl § R o
Teh @ <kl 25 kV 1 fogd ams® & 98
FIA 71 AT W 0.08 ms W AT pefad d
yalfed &R I Tkl ST, @ ITR1 ST
e 1 B 2
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(=) frafq & u faega geha o o1 faga 89 8

E, =0, Ey = 30008{(2—njx—2ﬂ:x107t:|,
3

E, =0
S’ E, Vm! # §, t ¥%he H 2R x WX #|
T H oS v SR TR A fia
SHITSIT |
2. T ute 9l & SW i 5x5=25
(F) R THA K1 STEM H T GEHRA
Renfed FifT

@CX-JZ

¥ N 2 2% 2 1,
Sel A=Bx—y)—2yz7j—2y°zk qn
9% C gR UREs I8 S Al el i sl
T

x2+y2+22:16, z>0
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(@) MY SEaSE Y9I & 39w F=fareaa

63 HHIh S Tfehferd ShIfST :
%
@S U-AdS

&l U = xsin? yi+10xzj+zcos2 yl% AR S

=1 2 THE & Tt o1 I3 ¥, FSrweht & qa
fag m B

() &R 7.5 X 104 m2 Fedl J1 SAAHR ©A
Y o THIR e Huifs & @il & o 6
T 2 x 103 m § 3R ®II W 90 V & diced
ARG T St B | A G st <l & o
SEfRs fds 6.5 dn SEdfas qg
@ S, o (1) Henfa =t enfiar oiR (i) o

fazemua D uftehfed st |

(7) 3 feya & 19 & Aeafag W 39+ fagaad
! IO hifeTd |
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()9 V &l d&0 & YA (el ¥ SRUHS
e a9 U SoRRA & i § fRam

T I Hi SISkl ST ?

(=) T1eg 9 0.50 m IR 300 B oA TRES &
T B H 0.01 A ¥R Yafed & W 81 At
R d FeFaga, @ H @k B 1 °M

[ o o o

Iiehfea Fifo| afe s § e, e

STAfaTeR JareRelierdr 4000 ¥, W A, @ B R
ﬁawﬁaﬂnﬁtrﬁw%aﬁm|

(D) T dioHiEs &1 9 0.8 m T 3R e
2.0 m 1 3T% g W Fahd &3 0.30 T ¥
UoHEs & goid & § dfad et 9
RIS |

(F) T SEfHH AT § Y191 &1 o1 1 94

fafq ® YT it =1 & A 1 TH-TaeE ¢ |
e & AUAdAIh IR SEAfHd Ll &I
TOTT SIS |
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3. Tl wem w1 I N 1x10=10

(%) MY & 79| &1 weF difsw) = Ry 3R

R: 3 (S Ry > R, ) T Thgl Iact Ml

IS W HE: THIHH A9 Q1 3R Qe

o

faafid 81 =Y < 139 1 ST R et

T F F= A @ - W fEE o Fifa

HIST & ([) r<R;, (i) Ry<r<R; @

(i) r2Rq | 10

(@) () -2 & g &1 wem <l
@, MY ar, s ur 1 yenfed & @

%, % RV g 49 B % forg s
I Sl I I = 10 A, @ a8 |
0.1 m @ g0 W JaHE & H
TR IRERferd it | 5
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[aWa o

(i) 39 wfaay =1 g hifere fSaeh STad

AR & :

E- EZ (cos kx cos ky cos wt)

]T%) =By (X coskxsinky —

ysin kx cos ky) sin ot

Fr=foafead gt Rl e HEM ;5

1 0F
> -
VXB:_Z_
c® Ot
X X X X X
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