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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination

December, 2022

PHE-07 : ELECTRIC AND MAGNETIC
PHENOMENA

Time : 2 Hours Maximum Marks : 50

Note : All questions are compulsory. Marks allotted
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. Attempt any five parts : 5x4=20
(a) Two charges ¢g; and g, are placed 3.0 m
apart and their combined charge is 18 uC.

If the magnitude of the electrostatic force

P.T.O.



(b)

(c)

(d)

(e)

[2] PHE-07
of repulsion between them is 0.080 N,

obtain the values of the charges. 1+3
A charge of 10 uC is placed on a hollow

metal sphere of radius 0.50 m. What is the
electric field at its centre ? Calculate its
electric potential at a point 0.90 m from its

centre.

A point charge of 10 C is located at the
centre of a cube of side 0.05 m. Calculate
the electric flux through each of the cube’s

faces.

Determine the electric potential due to a
point charge of magnitude 80 e (where e is
the electron’s charge) of a distance of

9.0 x 1012 m from 1it.

A dielectric block 1s polarised such that :

-

P =30x10"7(3xi + 2] + 4k) Cm™2

Determine the bound volume charge

density for the block.



®

(g

(h)
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Draw the labelled B-H curve for a
ferromagnetic material. Define remanence
and indicate remanence it on the B-H

curve.

The magnitude of the force between two
parallel conductors, each of length 50 m
and separated by 0.20 m is 1.0 N.
Determine the currents in the conductors if
the magnitude of the current in one
conductor is twice that of the current in the

other conductor.

The electric field of an electromagnetic

wave in vacuum 1s given by :
E, =100 sin(Zn x 108t — gyj

E, =0,E, = 0

where E is in Vm™,¢ in s and x in m.
Determine the frequency and wavelength

of the wave, direction of its propagation

P.T.O.
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and the direction of the associated

magnetic field.

2. Answer any two parts :

3.

(a)

(b)

(c)

(a)

Using Gauss’ law, obtain the electric field
due to a uniformly charged sphere at a

point outside it. 5

Derive an expression for the capacitance

per unit length of a cylindrical capacitor. 5

Explain the polarisation of polar and non-
polar dielectrics in the presence of an
external electric field. Express the
polarisation vector in terms of the electric

field, naming all symbols. 24+2+1

Answer any two parts : 2x5=10

A current of 1.0 A flows in a copper wire of
2.0 mm? cross-section. Calculate the
magnitude of the drift velocity of electrons
in the wire. How long does it take (in s) for
an electron to travel 0.10 m in this wire ? It
1s given that the number of conduction

elections per cubic metre is 8.43 x 1028, 3+2
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(b) Using Biot-Savart’s law, determine the
magnetic field along the axis of a circular

loop of radius R, carrying current I. 5

(¢) A circular loop of radius 0.05 m consisting
of 100 turns of wire carries a current of
2.0 A. Calculate the magnitude of the loop’s
magnetic moment. Suppose that initially
the magnetic moment is aligned with a
uniform magnetic field of 0.10 T. What is
the magnitude of the torque required to
hold the loop at 30° from 1its original

orientation ? 2+3

4. Answer any two parts :

(a) A dielectric slab of thickness ¢ and
dielectric constant k& 1s kept equidistant
from both plates of a parallel plate
capacitor. If the area of each plate is A and
their separation i1s d, such that d >,
obtain the expression for the capacitance of

the capacitor. 5

P.T.O.
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(b) Using Maxwell’'s equations, derive the

(c)

electromagnetic wave equation in vacuum

N
for the B field. 5

The electric field of a wuniform plane

electromagnetic wave is given by :
% A
E; = 200 cos (ot — 8mx) 2 Vm ™
The wave is incident from a medium

having & =4gy,1; = pg normal to the

plane surface of a material having

g9 = Dg(, Uy = Ol . Determine the

complete expression for the reflected

electric field. 5
Physical Constants :

Mass of electron = 9.1 x 103! kg

Mass of proton = 1.7 x 10727 kg

Charge of electron = 1.6 x 10712 C

1
4n €,

=9 x 109 Nm2C2

Hg = 4nx 1077 NA~2
€y =8.85x 1012 Fm!
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1. IS g 9N T HITGT : 5x4=20

(F) M ¢ 3R g, TH-TW T 3.0m I
W W W 7 3R I FHA AT 18 uC
21 A% T ore Feerdga wiaedu 5o 1
i@ 0.080 N &, a1 3TERN & HH A

EAISI
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(@) 9™ 10 uC 1 &9 5 0.50 m dret

(M)

(¥1)

(=)

@rEe difelsh Mol shi Hdg W W@l Sl
2l 3P dx W foRE &7 0 7 2 U+
%% ¥ 090 m & W W fem fag
IHhT fogd fawe qiiskferd kit

10 C &1 T o5 TR 91 0.05 m ad
TH T % HE W W gl T % TS
helh W Bl WM alcl Sg[ Sf9eTg i

UM HITST|

@ 80 e (ST ¢ TSI 1 O B)
A fog STe™T | 9.0 x 1012 m &1 T W

3Heh kR0l Togq fawe qiikferd kit

SRadgh & TUE i 36 W Yfaa foha
Sl A

—

P = 3.0x1077(3xi + 2] + 4k) Cm2

gues & fau s emadd mEW & UM
HIfST|
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T degesid e % fau wefed B-H
ook WiT=U| JrIchealaes i qRHM SISy
AN 3@ B-H 9% W @y

M @H&E 50m % & GG ARl &
9 # T 0.20m T R T = @
® & &1 9RA 1.0 N B A Th =rereh
T 9% W@ ¥ &1 9REn 3R AeE § a8
W U/ %1 A B, A Gl H S @
ST o | 9T it

fafq # fag@ g @ § d9ag fomg

8

E, =100 sin[Qn x 108t — gyj
E, = 0,E, =0
Sl E, Vm o ot s T ek X, m 7 2l
W H Agfa 3R Wesd, SHH TR
# fEon iR Wag Yo &9 w1 fEwm
A Shifsg
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HE F A HIT

(%) TRE & =\ & ST ), TH
THTHMG: AERE Mo & HRU 3T 96
feora fog W fagg &= I Hifu) 5

(@) T oosR 9ufel & fau 9fd e

Targ oI 1 SR A= hife@l 5
(M) ww fagq &9 #1 sufedfa o et ek
YA ST TIUT & Yaul Hi AR
Fifeu| Gt TRl & W fomd g ogam
gfeer &1 fagq &9 & 9= § Fa wifsu)

2+2+1

ﬁéaﬁﬂmﬁﬁm

(%) =88 &F%Fd 2.0 mm? 911 9 & dR H
1.0 A ® ¥R Tedt B dR H ANg
SAFZMl o 3TUATE o7 1 URHT Rehferd
T 30 R H 0.10 m T T F A
TH S H fham ®HE (s H)
a2 fem ® f& ufa wm diR =
sSR! W@ 8.43 x 1028 @ 342
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(@) IA-"ad & oM &1 3T Y, 5= R
9l IR oY, oo ¥ I 9 @l §, &

318 & ITRY IR &F I RIS 5

(1) = 0.05 m @ TH FARR U H,

s aR & 100 W T; 2.0 A F ¥R

W ? U F gaRE SOl w1 Ui

qehfad wifstl A9 o fo omey H
TEEE SO, 0.10 T & THIAM ahid

&9 ¥ Gifad 21 W g fa=mE 9 300

% HU W U H AT WA & o
3TERIS TA-SATE0l hT IRATCT =T ERM ?

2+3

4. HIE I Y9N HITST :

(%) Toh SEAfGEH @IS i, fSEUH! ARE ¢
AR eEafes fEds kT, T FEE
@i Ui & iR A wiel °§ 'EE gh
W W@ W@ 2] AR YAE W H EAR
A B SR TR A # @ 4 (SR
d>t),ﬁﬁﬂTﬁ3ﬁﬂTﬁ?ﬂwm
I ShifsTu) 5
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A fa . -
HAAT HHR IV bl 39N <hl B 333[ ‘_3%

fau fafq o fogq gaea @ aHew
q HIfST| 5

Toh THYAH FHAA I geehid qT <kl

fogd &= -

E_])I = 200 cos (ot — 8nx )2 Vm™

T T g = ey, 1y = Mo gl W d
T W& & "Wag W Afvdeq: eafad
e 2?1 ouSe & faw e, = 5y, 1y = 5y,
B Tafdd foe & %1 el e A
ST 5
wiifaen Traies

SoioRgi hT SogHM = 9.1 x 10731 kg

qie T SHHME = 1.7 x 10727 kg

TAFE T A = 1.6 x 10719 C

1
4n €,

=9 x109Nm?2 C2

by = 41 x 107" NA2

€, = 8.85 x 10-12 Fm!



