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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

June, 2010
PHE-7 : 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 log tables
or calculators. Symbols have their usual meaning. Values
of physical constants are given at the end.

1. Attethpt any five parts : 3x5=15

(@) A positive charge g, =2 C is placed at a
distance of 1.0 m from another positive
charge q,=8 C. At what point on the line
joining the two charges is the electric field
zero ?

(b) The electric field in a given region of space
. - A A A
is given by E =3xi +7yj +8zk.
Determine the volume charge density.

(c) Point charges of 4 x 10 =8 C each are located
at the two vertices of an equilateral triangle
of side 0.2 m. Calculate the work required
to be done in order to bring a test charge of

1x 1078 C to the third corner of the triangle
from an infinite distance away.
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(d) Acircular wire loop of radius 8.0 cm consists
of 20 turns of wire. A current of 2.5 A flows
through the loop. Calculate the magnitude
of the magnetic moment of the loop.

(¢) In the Bohr's model of hydrogen atom, the
electron circulates around the nucleus on a
path of radius 0.6 A at a frequency of
5x10' Hz. Calculate the magnitude of
magnetic field at the centre of the atom.

(f) Show that the normal component of B is
continuous across a dielectric boundary.

(g) Explain the working of a variable air
capacitor.

(h) Define the local field and give its relation
with polarisation.

2.  Attempt any five parts : 5x5=25
(a) Write the charge conservation principle in
differential form. Using this determine the
characteristic time for the decay of charge
inside a conductor, assuming the initial
charge density to be p,,.
(b)  The electric field of an electromagnetic wave
in vacuum is given by :
E, =0, E, =10 sin (1087# - % x) Vvm™, E, =0
Determine the frequency v, wavelength X\,
direction of wave propagation and the

magnitude and direction of the magnetic
field B.
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(c) The capacitance of a parallel-plate capacitor
filled with a material of dielectric constant
6.0 is 300 PF (picofarad). The plates of the
capacitor are separated by a distance of
3 mm and a potential difference of 150 V is
applied across them. Calculate

(i) the magnitude of the charge on each
plate,

-
(i) the electric displacement D, and

(iii) the polarisation —I—’)

(d) What is displacement current ? Show by
taking the example of a parallel-plate
capacitor that the concept of displacement
current is necessary to preserve the notion
of continuity of current in the capacitor
circuit.

(e)  The pole faces of a cyclotron, which is being
used to accelerate the protons, have radius
of 50 cm. The magnetic field between the
pole faces is 1.5 T. Calculate the kinetic
energy in eV and the speed of the proton as
it emerges from the cyclotron.

(f) A toroid of mean circumference 1.0 m has
500 turns of wire, each carrying a steady
current of 0.5 A. The core of the toroid is
filled with iron of relative permeability 5000.

- - -
Determine (i) H, (ii) B, and (iii) M.

PHE-7 3 P.T.O.



Show that the relative permittivity ¢, for a
8 P ty &,
gaseous medium is given by
ng?
€0 M o2

g =1+

3. What is Poynting vector ? Starting with the 2,8
generalised form of Maxwell’s equations obtain
the expression for Poynting’s theorem.
OR

(a) State Gauss’ law in electrostatics and 2, 2
express it in differential form.

(b) Using Gauss’ law derive an expression for 6
the electric field due to an infinite plane sheet
of charge having uniform surface charge
density o, at a point lying in the vicinity of
the sheet.

Physical Constants :
e=1.67x10"19 C
m,=9.1x10731 kg
m,=1.67x10"% kg
€,=8.85x10"12F m~1
my=4wx10~7 T m A1
c=3%10% ms~!
h=6.626 X103 Js

=9.0x109 Nm2 C~2
4Te, ‘
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Tz . @ 797 SIS &1 §RF T & 3% 39F WA T
g &1 3719 T IR I FeHAAR F YT HX TG 8
yiaw! & 3797 @rar=r 37¢f &1 siifaw fadrel & O 879
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1. E gauam et 3x5=15
(8) TU& YAHS 3Ta¥ g, =2 C FI TF W YIHE
AW g,=8 C ¥ 1.0m &I T W T@I S 71
39 Q] STA 1 e ar! Y@ & e fig W
fosga & g a2
(b) TAfEF UF & H Frafafea foegg 87 sofem 7

—

E =3xi +7y] + 82k A AW T
I H

(¢) Y02 m IR TF 99a1g e & § o |
q fig smEw @ I I | TEE W
4x10"8 CamaW ¥l oFd A T& TEw @AW
1x10 8 C =i oy & WX oY q% oW |
e T i FY ToEr H
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(d) TF TR Jad, faast 551 8.0 cm &, ®
AR % 20 1S & 1 I § 2.5 A HT o @t ¥
T % ok SOl T IRATOT IR H

() TRENA WHIY & AR Aled ¥, TaFE TE
F IR AR 0.6 A FF= 9t 99§ 5x 101 Hz
FI G VYA 1 WA F HE R GIRE

&3 F gfETOr T AT H

(f) fﬂ@aﬁﬁﬁwmﬁﬁmmsm
wifees w2eh dad 2l

(g T uitad=eiia a1y Suie &1 & gone!
T |

(h) TUEE &9 FT gy T &R yau ¥ I5H
way fad )

2. I3 Gre 9R W 5x5=25

(2) 3T W& 79 1 IuF a%hd T H @6 |
T 799 1 WM 1, & 9esE & oo Smew
% & 1 AMAROTS WY I FHEC | AES
for amifue atmem ¥ p R

(b) Traia ¥ & fagq go=a @@ &1 fagq &9
frreferfaa &

E; =0, E, =10 sin (108771 - % x]Vm‘l, Ez=0

mgfa v, aireed A, WO HERO W fesn aw
qaha & B & ufer ug foum 9 H |
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() TH 99R =i g, faus < & o
TRefRs fatis 6.0 aren verd W §, @t arfta
300 PF (picofarad) 1 HeTfa &t @il % st=
! g 3 mm § AR 3T W 150 V &1 fas@iw
i foven ST B1 (i) WEOH @i W 6w &

gy, (5i) e forene® D, i g P
UL AT |

(d) Toreeme gm a A } 2 T wwiek @ g
1 ISR <4 gU Fag i fw wuifs 3w wRay
T i & Fad Y98 F1 YR 99¢ @A F
foreenT YW ! Haheql STawH B

(e) T WrEFRM, forad Wi +1 @l fma s
2, ¥ Y3 AR F M50 cm ¥1 Y9 For]
F o9 GIHIg & FTAA 1.5 T 1 Al
q et W@ Wil &1 s o1t eV | qen ST
o7 IReiad HL

(f WA 9 1.0 m 9 TF IR0ES F aR F 500

gAE A ¥ TdE 05 A F T AR

valEd Bt §1 2RSS & wie W g Uy W §
gt smifers Jeheiaar 5000 ¥ 1

() H, (i) B, 3 (iii) M 76 X

(g) Tos =Yg meam & faw e wads
e, 1 S Frefetad 2§
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3. wE=naftwan? doqad wftel & FHs w1 2, 8
q IRY &, Wigi<T THY HI A S |
ar
(a) Teerfagfret d mew fram s FeA € R s@ 2, 2
JgHd w9 | fad |
(by T AW w TANT F, TE GHE U AR™W 6
T o, I T HAd RN guae we &
Trene frurg foig W forpa & o1 e o i

ifaer Fraai -
e=1.67x10"1 C
m,=9.1x10731 kg
,=1.67x10"% kg
€,=8.85x10"12 F m~!
p,=4wx1077 Tm A~
c=3x108 ms™1
h=6.626 x10"34Js

=9x10% Nm?2 C~2

4e,
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