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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination
December, 2023

PHE-07 : ELECTRIC AND MAGNETIC
PHENOMENA

Time : 2 Hours Maximum Marks : 50

Note : All questions are compulsory. 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. Attempt any five parts :

(a) The hydrogen atom consists of an electron
and a proton separated by a distance of
5.3 x 1011 m. Calculate the electrostatic
force between the electron and the proton
and compare it with the gravitational force

between them. 3+2

P.T.O.
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(b) A parallel plate capacitor is made up of two

(©

rectangular plates of area 5.50 x 104 m2,
separated by a distance of 1.5 x 103 m. A
voltage of 200 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
(1) capacitance, and (i1) charge stored on

each plate of the capacitor. 3+2

Three point charges g, 2q and 8q are to be
placed on a 9.0 cm long straight line.
Determine the positions where the charges
should be placed on the line such that the

potential energy of the system is minimum.

5

(d) A flat sheet of area 100 cm? carries a

uniform surface charge density o. An
electron 1.5 cm from a point near the
centre of the sheet experiences a force of
1.6 x 10-12 N directed away from the sheet.

Determine the total charge on the sheet. 5



(e)

®

(g
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The magnetic field inside a current
carrying solenoid is B. Determine the
magnetic field when both its radius and
the current in it are doubled. What will the
magnetic field for a toroid be under the
same conditions ? 3+2

Two parallel wires A and B placed at a
separation of 6 cm carry electric currents
5A and 2A in opposite directions,
respectively. Determine the location at
which the net magnetic field due to these

two wires 1s zero. 5

The electric field associated with an
electromagnetic wave travelling in vacuum

is given by :
E - j (300 Vm™) cos (n x 108t — g xj

Determine the frequency, wavelength,
direction of propagation of the wave.
Determine the magnitude and direction of
the associated magnetic field. 1+1+1+1+1

(h) A uniform plane wave has a wavelength of

6 cm 1n free space and 4 cm in a dielectric
for which p = 3.78 x 10-7 NA-2. Determine

the dielectric constant and refractive index
of the dielectric. 4+1

P.T.O.



[4] PHE-07

2. Attempt any five parts :

(a)

(b)

(©

(d)

(e)

(®

(g

Apply Gauss’ law to obtain the electric field
due to an infinite line charge at a distance
r from it. 5
Define an equipotential surface. Draw the
equipotential surfaces for (i) positive point
charge and (i1) uniform infinite line charge.

1+2+2
State Biot-Savart’s law. Use it to
determine magnetic field B due to a long
straight wire carrying a current. 5

Derive the expression for the magnetic
field along the axis of a circular coil
carrying current. 5

Explain the polarisation of a non-polar
dielectric kept in a uniform electric field.
Define electric susceptibility ¥ in terms of

the polarisation vector. What 1is the
dimension of y ? 3+2

Using Ampere’s law, determine the
magnetic field inside a solenoid. 5

Write the Maxwell’s equations for an
1sotropic, linear dielectric medium in
differential form. Derive the wave equation
for the electric field associated with the
electromagnetic wave propagating in the
medium. 2+3
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(h) Explain the underlying principle and
working of a transformer. 5

Physical constants :
e=1.6x10"19C
gy = 8.85x10712 Fm™!

1
4ng

=9 x 10° Nm2C2

Ho = 4nx10"WbA ' m™ =1.26 x1076
Hm™!

me=9.1 x 10-31 kg

mp = 1.67 x 1027 kg

G=6.7% 1011 m3 kg1 g2

P.T.O.
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1. I gie 9 & ST :
(%) TESSH T H TH SoeR SR TH
U B € e d e &t 38 5.3 x 101 m
T THEE IR WM & o fersgd 9@
1 TOAT HISY 3R ITHT qol ST o

A R/ EARY g ¥ Hif| 3+2
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(@) Th TR © Ui @ STadaehR Wil

(M)

(¥1)

(¥)

¥ o 8 ST &% 5.50 x 104 m2 ©
AR foehr o9 *1 0 1.5 x 103 m 2l
wel % AR-YR 200 V I dleeal AR
H S Bl AR HS %1 wiel & s
SEcliageh adieh 5.0 9Tell Teh <SEaiicgah
werel W S ®, A Sl e (@) e,
T (i) TO% W W YeSRd AW
qiiehfera ifsul 3+2
@ fag emasi g,2q 3 8q ! 9.0 em
ol Y@ W @ s R i sty e
39 AN Wl W@ W wEl W Su R
fepma &t fearfast st =gAaw @l 5
@A 100 cm? dleft THh TUR ¥ W
THETH TS 69 Sl o arell e 2l
e & &% & fde & fog ¥
1.5 cm 1 g W fed Tk 3ol wie 9
W 1.6 x 1012 N & o 9 &l 2l
Ife W Ha e Fifa Fifeg 5
YA Hioriss & iR gawia &F B
frog 21 afg dielizs #1 Be st o
varfed o ] T B G @, d@ gEs
&7 I U RT3 e & nefiA
IRfEe & fau grahi™ &7 = g ?
3+2

P.T.O.
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TH-W ¥ 6cm H ¥ W W I AN
R A 3R B W ®AW: 5A 3R 2A I
oRd foqda feemsti § werfsd &1 @
faif@ wifST fe 37 I a” & &R
Faehig & fhg feafa Wy gm 5
fafq # daia fagageea ™ § d99g

1%@_?'\?33[%:

E - j(300Vvm1 cos(n x 108t — g xj

T HY S, aTesd SR HeRor i fagm
fruif@ ifst S99 gag g & &
aftor IR RN o B 141414141
Th Th-HHM HHAG T i ol SAThRTIT
H qeesd 6 cm © 3R TH SRS |
S faT w=3.78 x 107 NA2 &, 4 cm
2l SEAfRE® H1 SRS adis 3R
3T {d il 4+1

aﬁ'&‘ﬂﬁl‘ AT HifST

(%) MR—E &1 W @f] & TH [ &

AT & HRU Y W r W fagq &=
BRI 5
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(@) wafawa g &1 g S (1) s

(M)

(¥1)

(¥)

(=)

(3)

fag emEw 3R (i) THEHH @ e &

qrfave g8 SARfEd SIS 1+2+2

FA-Gee & 90 w1 wYq {feu) g
EERIUIC T ECING IIG C i N e |
T & B A hifeg| 5
YA JAhR heal & & & SR
TEHI & H sl FedA Hife@l 5
THEHH  fagd-a d W@ SyEE
STEcifogeh U1 & a0 i HHSSY| Y]
afger & Wi A fagde wavmr o &b
aftemn ST o T A oeEn @ 2 342
TR & oM &1 ST R dieHEe &
fiaX graenta &5 Fuifa wifs) 5
Th GHeeh, fash TEdlaEs weaq &
fq oadat ®1 A Hawdd  HH
fafed 59 wrem § 9= R @ faRq
FERE W TG foga-ad & fag

a1 HHIRIUT I HITaT) 2+3

P.T.O.



[10] PHE-07
(W) grawt & fag R HEweTe i
HHATRU 5
Hifeer fraaie .
e=16x10"19C
gy = 8.85x10712 Fm™!

= 9x10% Nm2C—2
47580

Hy =4t x107"WbA'm™! =1.26 x 107°
Hm™!

me=9.1 x 10-31 kg

mp = 1.67 x 1027 kg

G=6.7x 1011 m3 kgt s2
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