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BACHELOR OF SCIENCE (BSCG)
Term-End Examination
December, 2020
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. Symbols have their usual

meanings. Values of physical constants are

given at the end. You may use a calculator.

1. Answer any five parts :

3 each
(a) Determine the gradient of the function :
A
T(x,y) = ————
(x, ) 2y

(b) Determine the position vector of a particle
%

r(t) moving with the velocity :
% A A
V() = 2sinti —costj

—

given that r = £+} att=0.

Lot-II P.T.O.



(c)

(d)

(e)

®

(g
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Calculate the electric field of a particle
carrying charge + 6.0 nC at a point 3.0 m
away from it. Determine the electrostatic
force exerted on an electron placed at that

point.

A charge of + 18 uC is placed on a hollow
metal sphere of radius 0.10 m. What is the
electric field at its centre ? Calculate its
electric potential at a point 1.0 m from its

centre. 1+2

A dielectric block is polarised such that :

- AN .

P =2.0x106(2x2% + yj + zk) Cm™2
Determine the bound volume charge
density for the block.

Draw the labelled B-H curve for a
ferromagnetic material and indicate

coercivity and remanence an it.

A typical ignition coil (made up of two
coils) draws a current of 4.0 A and supplies
an e.m.f. of 32 kV to the spark plugs. If the
current is interrupted every 0.10 ms, what

1s the mutual inductance of the two coils ?
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(h) The electric field of an electromagnetic

wave in vacuum 1s given by :

-

E-= 50sin{§x —2nx109t}51

where E is in Vm™!, x is in m and ¢ in s.
Determine the frequency and wavelength
of the wave and its direction of
propagation. What is the direction of the
associated magnetic field ?

2. Answer any five parts :

(a)

(b)

(©

Using Stokes’ theorem, show that a central

%
conservative force field F 1is irrotational
everywhere. 5

Using the divergence theorem, determine

the flux of the vector field : 5

-

F :2x2+3yj+zl;:
through the surface of the sphere given by
x2 + y2 + 22 = 16. 5

A charged non-conducting spherical shell
having inner radius 2.0 m and outer radius
5.0 m carries a charge of magnitude 18 uC

distributed uniformly over its volume.

P.T.O.



(d)

(e)
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Determine the magnitude of the electric
field due to it at a distance of 3.0 m from

its centre. 5

The point charges + ¢ and — 2q are placed
along a straight line at a distance of 12 m
from each other. Determine the distance of
a point, from the charge + ¢, between the
two charges where the electric potential is

Zero. 5

Two parallel conducting plates, each of
area 1.0m? are separated by a distance of
2.0x102m. The potential difference
between them in vacuum is 1000 V. When
a dielectric sheet of thickness 2.0 cm is

inserted between the plates, the potential

difference between them decreases to

500 V.

(1) Calculate the dielectric constant,
permittivity and susceptibility of the

dielectric. 3



®

(g

(h)
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(11) Determine the electric field between
the plates in vacuum, and the electric
field in the dielectric. 2

A circular loop of radius 0.05 m consisting
of 100 turns of wire carries a current of
1.0 A. Calculate the magnitude of the loop’s
magnetic moment. Suppose that initially
the magnetic moment is aligned with a
uniform magnetic field of 0.50 T. What is
the magnitude of the torque required to
hold the loop at 90° from its original

orientation ? 2+3

State Lenz’s law. Using the law, explain
why a metal ring placed on top of a
solenoid jumps when current through the

solenoid is switched on. 1+4

The electric and magnetic fields associated

with an electromagnetic wave are given
by : 3+2

5
E = E,; sin (kx — ot)y

%
and B = B sin (kx — 0?)2

Determine the magnitude and direction of
the Poynting vector, and the energy
density of the electromagnetic field.

P.T.O.
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3. Answer any two parts :

(a)

(b)

(c)

Derive the expression for the electric
potential at a point inside a uniformly

charged non-conducting sphere. 5

Using Biot-Savart’s law, obtain an
expression for the magnetic field at a point

on the axis of a current- carrying loop. 5

Write Maxwell’s equations in differential
form in vacuum. Using them, derive the
electromagnetic wave equation in vacuum

for the electric field. 2+ 3

Physical constants :

= 9x10%9 N-m2C2

47‘580
e=-1.6x10"19C

¢ =3x10% ms!
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(@) 97 :

(M)

(¥1)

(®)

- . .
V(t) = 2sinti —cost j

@TWHWWWW?@)EW
Hitey, Sefer fem € fF ¢ = 0 W

-

r:i+¢%l
J

MET + 6.0 nC I ThH HU H 399
30 m & 30 W faga &= IRewfem
FiST 38 fog | foom T s@RE W
o el feer dgd & A iy

A1 0.10 m 9l @i@d i Mol T
+ 18 uC 1 SO W Sl &l IFh &=
W fogE &% &1 AF F 22 SHE e 9
1.0 m 0 W fem fog | 9= fagm
fawa skt TTUmET iU

T EhScifg® @S HI gau 36 e d
g ® e

—

P = 2.0x10°6(2x2 + yj + zk) Cm~2

2 e & fou ufeg smdd ey e

1 TOMET Hifed|
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(F) Tk e gohia wqef & fau oefad B-H
g% Wited R s§ W fEnfear wE

EEEICICNERECIF

(B) T UEW A Heehl (SH I Hefaa
Y o B T) W 4.0 A HT U WaIfEq
el ® SR o W Wil 32 kV 6
faga-ae® 9@ YA & T oAk W
0.10 ms W Y &I bl ST, q TH
el 1 ST Yehed T TRN?

(3) fralq ¥ fogagesa &1 &1 fouq-

2

E - 50sinEx - 2nx109t}5/

el E,Vm! § %, x,m § a9 ¢,s H &
T HT ghh, qresd 3R W ® HeR
#I fen 3@ Hifvw IT9 d9g gaad
&3 1 faem F 22

2. HIE GIF AN ST .

() I JHI 1 3STAM i THg el T

TF B el S & F owds ot
B 2| 5

P.T.O.
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(@) SRS Y9I 1 STAM & ;

(M)

(¥1)

(®)

x2+y2+22 =16

% U W TR S e, 9feer &

- ~ ~ ~
F = 2xi + 3yj + 3k
&1 AfYarE Fa il 5

T Ol SMmce et Rl S
daer B 2.0 m € 3R W B
50 m, % TFaT T 9RO 18 pC dren
AEY THAFa: fodia 81 I@h &s 9
3.0 m 1 g0 R for@ &= & afemo =t
UM ShifSy 5
T fag MW + ¢ 3R — 2¢ Th WA W
R TH-TR T 12 mF g R @ 21 A
3MeEl & o9, e + ¢ ¥ 9% 34 I
Hifse el forga fasa s g 5

T GHIR Ao e TRl U ki
g% 1.0m?2 ¥, TUH-IW I
20x102m @ T W & fafad & 7
= favaiaR 1000 V B SE ST o=
2.0 cmﬁﬁ?ﬁ?@aﬁﬁ%,ﬁmaﬁﬁ
1 Taveia T2 500 V I& S 2
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() SEdfas Y & SEdldgs adis,
foreiicrar sfR fog@ wafe =+ wom
Hife 3

() frefa & ==l & = foga-a3 iR
eRafags Td H faga-a= &1 T
Hife) 2

=1 0.05 m & T& JAHR U | fored
A FH 100 B ¥, 1.0 A HI N Yarled
T B U ® FAKF O gRATT R
T SIVT A St fR SRY #
Ja®RE SO 0.50 T & THTAM Jahid
g9 % Wy Wfed T @ omiaw
sfafo=e ¥ 39 90° W o W@ &
felt oAraedeh o STEU T GRATT
grm? 2+3
o=t & T w1 e @S 59 frm @
I X TRy fe Te  uREfee
(solenoid) & TR T ulfces o4,
qRATcieRl | 9T Jafed e W 38d =
S 21 1+4

P.T.O.
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(3) & faga-gaw @@ 9 dag forEm ek
TR & e € 3+2

5
E = E, sin (kx — ot)y

SR B = B, sin (hx - 00)2

oEfen wiewr & ufmmr eiR fRem &R

foR[aga®ia &5 &1 Sell o9 TG BT
3. g g 9 HIfST .

(%) THTHAd: 3TMaf¥d oT=Teieh el & i)
feod fag W fogd fawa =1 A9+
Fq hifSIT 5

(@) I=-¥ae & =9 &1 SwWm w, TH
YRl o % A8 W fem fag w
R & T FSF WK HITg| 5

(1) frafa § sEea ®9 § Hegdd g
% Foe faf@ul e STEM w3 foa
gy & fau faq # fogagasa @
HHIRIT g HiTU| 2+3
Aifger Fadie .

1
4ne

e=-1.6x10"19C

= 9 x109 N-m2C2

¢ =3x10% ms!
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