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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination
December, 2013

PHYSICS

PHE-07 : ELECTRIC AND MAGNETIC

Time : 2

PHENOMENA
hours Maximum Marks : 50

Note :

All questions are compulsory. Marks allotted for each
guestion are indicated against if. Log tables or calculators
may be used. Symbols have their usual meaning. Values
of physical constants are given at the end.

1.  Attempt any five parts : 5x3=15

(a)

(c)
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Two point charges of magnitude
2x1078C and 8 x 10~ 8 C are separated by
a distance of 10cm in vacuum. Calculate the
electric field at a point distant 4cm from the
first and 6cm from the second charge. What
is the direction of this electric field ?

Four point charges gq;=2X 1078 ¢,
q,=—4x1078C, q;=3x10"8 C and
qy=4x10"8 C are placed at the four
corners of a square of side 1m. Calculate the
electric potential at the centre of the square.

Starting with the expression for the phase
velocity of propagation of an
electromagnetic wave in a linear,
homogeneous medium derive the relation
between the refractive index and dielectric
constant of the medium.
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(b

A metal ring placed on top of a vertical
solenoid jumps when current through the
solenoid is switched on. Explain why.

Using Gauss’ law in electrostatics prove that
the charge resides only on the surface of a
conductor.

Calculate the effective capacitance of three
capacitors (each of capacitance C) arranged
in such a way that two of them are in series
and the third is in parallel with this series
combination.

Show that the tangential component of Dis
continuous across a dielectric boundary.

Explain in brief the construction and
working of an electrolytic capacitor. What
are the important specifications for these
capacitors ?

2. Attempt any five parts :

(a)
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The potential difference across a metallic
wire of 10™% cm? cross-sectional area and
60 cm length, carrying a current of 0.2 A, is
3 V. Calculate the electric field in the wire,
the current density and the conductivity of
the wire.

Two proton beams moving along the same
direction also constitute parallel currents.
Do you expect them to attract or repel each
other ? The axis of a circular coil of radius
6 cm having 20 turns and carrying a current
of 6 A makes an angle of 30° with a uniform
magnetic field of 0.01 T. Calculate the
torque on the coil.
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(d)

()

(®)

A plane electromagnetic sinusoidal wave is
travelling in the negative x-direction and its
frequency is 200 MHz. The electric field is
perpendicular to the positive z direction.

Write down the expressions for the E and
B fields that specify this wave, given
E,=100 Vm~

A cyclotron being used to accelerate protons
has Dees of 60 cm radius which are
connected to an alternating voltage source
of 12 MHz frequency. Calculate the
magnetic field and the speed and kinetic
energy acquired by the protons.

What do you mean by self-inductance of a
coil ? Show that the work done in
maintaining a current [ through an inductor
1

5 LI2. What happens

of self-inductance L is

to this work ? 2+2+1

The plates of a parallel plate capacitor have
an area of cross-section 100 cm? and are 1.0
cm apart. A potential difference of 100 V is
applied when no dielectric is present. A
dielectric slab of relative permittivity 5 and
thickness 0.5 cm is introduced between the
plates. Calculate the capacitance of the
capacitor before and after the introduction
of the dielectric.

3.  Attempt any one part :

(@)
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State Biot-Savart law. Using this law obtain
an expression for the magnetic field at a
point lying on the axis of a circular coil of
radius ‘a’, carrying current i. Plot the

5

magnetic fields as a function of distance. 2+6+2
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(b) State Gauss’ law in electrostatics. Using 2+8
Gauss’ law derive an expression for the
electric field due to a charged spherical shell
of radius R at the points (i) r>R, (ii) r=R
and (iii) r<R.

Physical Constants :
e=1.6x10"1C
m,=9.1x1073! kg
m,=1.67x107% kg
€,=8.85x10712 C2N~Im~2
po=47 x1077 TmA~1
c=3x%x108 ms~1!

1

4'(T€0

=9.0%x10% Nm2C~2
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1. HIF T H 5x3=15

(@) frafa ¥ 7 fag smdw faas wfiamo
2x1078Cam 8x 1078 CETH WA 10cm
# g W feorg }1 39 fag W, S ww fag
A | 4em FT T W 7 3R W fag smaw
¥ 6cm & T W T, fog@ &9 %1 A0 wRafera
¢ | 39 e & &1 fgun off s

(o) = fag &E@w q;=2x1078 C ,
q,=—4x1078C, q;=3x10"8 C T
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FH W W ¥ 13 T F g fag W faga
fava &1 7 9fewfaa aii
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(h)

FeafeR IfATfeTeRT % SR W@ H1g 1 T 90,
ufeifaet § um1 yanfed 89 W S8e 9 81
T foh T A BT 7 |
feerfogfasht & T e 1w &1 3TAr %k
fag & fo fordl s W 99 Fad 39F
T8 T & T HHaT § |

o guif, 999 @ ye& 1 i C 8, &
T § 39 YER IS ¥ % 399 9 = gofisen |
92 € R dieu 59 Yoien % gHia S E
=9 @ & gurEl e uftewfad #:1)

fag w T D & vt Wiy ses, Wiy vane
T % TR YR Hed B ¢ |
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Torerd &/ 2

2. aﬁéuﬁwﬁ

(a)
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10~4 em? TRy =g 3R 60 cm @aTS
et T HTfeash AR H 0.2 A, ¥RT yaTfed & Tl
€ oK 3T ufte: fawaia &1 9m 3 v &1 arR
foe[@ &9, YR ¥ qU1 TR Ikl F1 AH
JRefera &1 |

uF & fewm § deiia g & € few g, @
TR 4 % §9H € | 5 ae fow 3 foreor 9w
SHU ] AR T e fashitia ? T JaR
ERERELEIRERI 6cm§ﬁmﬁ'{4ﬁ20ﬁ${%,
H 6 A YR YaTfed BT 8 1 39 9619 &1 A8, 0.01
T A 9] THEAM Gehid &F & WY 30° H
0T I § | ST TR TR =iet enyof afissfera
F
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(®)

T G9qd SAEehid TR~ geia a1 golcis
x-feon & wuf@ @t € aw swat mgfa 200
MHz 21 39 %1 &1 97d fae[a-& , ¥ e 2
foen wiead RE qon B &5 o fore =ees T
39 T 1 ffdE % €, A Ey=100 Vm 1 ¥ |
Al il @G 4 & o g gz &
‘g =t 35 60 cm ¥ 3R A 12 MHz emgfa
A T IREd fava #id @ 92 € gahm A
eIl Fierl i STl a1 it ol Jiehierd i |
U T €9 o - © A9 1 WHE § 7
fog i ff @-Th@a LIt W& § 970 |

A T ¥ fow fa mn wE %Lﬂ%ws—a

5

T T BB 242+1

Tsh AW @ 99 o @ & STIuRy
IRERT 100 cm? ®F g W E ) A F TH-TW
YHI1.0cm T RL | 59 37 = & o149 F5
ey gard 78 @ I W 100 V faveiar
fad B, §9 @il & &= 0.5} 991 5 @me
TSI A ATe T STSeageh Toial T@ Sial
2| Sl e & @A % Iga a1 39F 918
T &t wifar &1 99 qfiwied H1

3. hIg WaR WM & :

(@)
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FE-Tee ey san | 36 T o ST e
5= 2 I T e oret W e T fag
oy fore o i yeted 8 @R,

Jaia ¥ & fau 9w A= H ) gaay

5

8 91 g & 9 e AT B 2+6+2
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(b)i Teor forgfaent o forg mreq Frag orad 1 50 Frm 2+8
1 3T F F=0 R 9 TafvE et ww
% H TR k% | r g4 W (i) r>R, (i) r=R
a7 (iif) r<R. & AU forp@ &3 * Ao g™
FI |
Aifqe Fradis
e=16x10"19C
m,=9.1x1073! kg
m,=1.67x107%7 kg
5 =8.85x10712 C2N~Im~2
ho=4mr x1077 TmA !
c=3x108 ms~!
1
4'1760

=9.0x10% Nm?2c—2
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