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BACHELOR OF SCIENCE (GENERAL)
(BSCG)
Term-End Examination

December, 2024

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. You may use a calculator.

1. Answer any five parts : 5x3=15
(a) Determine the unit vector normal to the
curve x” + 5y2 =1 at the point (1, -2).
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(b) Determine the work done by a force :

- . .
F=@-3yi+x-y)j
In moving a particle along a curve in the

xy-plane given by x = 2¢, y= 3t? from ¢ = 0
tot =1.

(c) Two positive point charges Q; and Q, are

2.0 m apart and their combined charge is
30 uC. If one charge repels the other with a
force of 0.090 N, what are the magnitudes

of the two charges ?
(d) The electric field due to an infinite line

charge has magnitude 7x10°NC™! at a

distance of 2.0 m. Calculate the linear

charge density.

(e) A dielectric block is polarised such that :

- A A A
P=15x10"(xi +j+%#)Cm™>

Calculate the bound volume charge

density.
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() A horizontal wire is carrying current from
east to west. What is the direction of the
force on the current carrying wire if we
assume that at this location the magnetic
field of the Earth points due north ? If the
wire carries a current of 30 A, calculate the
force per unit length on it due to the

Earth’s magnetic field, which 1is about

1074T.

(g) A wire loop on the plane of the paper

having radius 10 cm and resistance 3 Q is

kept in a uniform magnetic field _B> at right
angle to 1its cross-sectional area. The
magnetic field points into it and increasing
at the rate of 0.1 Ts™'. Determine the
magnitude and direction of the induced

current in the loop.
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(h) Obtain the maximum value of the

displacement current in a parallel plate

capacitor made up of plates of area 1.0 m?.
It is given that the electric field between
the plates is E=E; sin wt with E, =5V

and frequency 15 MHz.

(Take €,=8.85x10" 2 Fm ™)

2. Answer any five parts : 5x5=25

(a)

(b)

(c)

-> o - ~ ~ ~
Evaluate {)CA.dl , where A =x% +xj+2%k

and C is the ellipse in the xy-plane defined

State divergence theorem. Using it

calculate the divergence of the vector field
- . A oA
A =2xi +3yj + zk, over a sphere
x4yt vzt =d?.
Two parallel plates, which have cross-

sectional area of 90 cm?, carry equal and
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opposite charge of 2x 107'C. The space
between the plates is filled with a dielectric

material and the electric field within the
dielectric is 4x10°Vm™. What is the

dielectric constant of the dielectric if the

electric field across the plates without

. . . . () .
dielectric is given by E,=—, where o is
S
0

the surface charge density of the plates.

(d) Three charged particles A, B and C each
having a charge of 1.00 uC, are placed at
rest on a straight line. The distance
between A and B is 0.01 m. What is the net
electrostatic force exerted on a particle C if
it 1s placed to the left of the particle B

along the line AB at the midpoint of AB ?
(e) The electric potential at any point is given

by V =x(2y* - 2x?). Determine the electric

_)
field E at point (1, 1).
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() An air-core solenoid wound with 30 turns
per centimetre carries a current of 0.27 A.
. . %
Calculate the value of magnetic field B
. . . %
and magnetic intensity H at the centre of
the solenoid. If an iron-core of permeability

6x10°Hm™" is inserted in the solenoid,

what will be the value of H and B ? Take

n=4nx10""Hm™.

(g) A solenoid of length 1 m and diameter
15 cm has 9000 turns of wire. A current of
3.0 A flowing in it is reduced steadily to
zero in 1.0 ms. What is the magnitude of
the back e.m.f. of the solenoid while the

current is being switched off ?
Take p,=1.26x10°Hm™,

(h) Consider an electromagnetic wave in

vaccum whose electric field is given by :

-

E= (30Vm_1)92 cos (108t + kz)
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Determine the direction of propagation, the
wave number, the frequency and the

magnetic field of the wave.

3. Answer any one part : 1x10=10

(a) State Gauss’ law for electric field
associated  with  symmetric  charge
distribution. Consider a spherical charge
distribution of radius R having uniform
volume charge density. Using Gauss’ law,
obtain expression for electric field due to it
at a distance r from the centre at i) r >R,

and (11) r <R. 10

(b) (1) Starting from the integral form of

Ampere’s law :

—

[ B.dl=p,l

enclosed, obtain its differential form

N
and hence show that B is conservative

field only when current density is zero.

5
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(1) Under what conditions, do the

following time-varying electric and

magnetic field : 5

-

E= jEO sin (z —vt);

—

B =iB,sin(z —vt)

with E;, and B, as constant, satisfy

the equation :

_)

- -

VxE:—@ ?
ot
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(@) xy-THdd H & ﬁz(x—3y)£+(x—y)j
S 9% x = 2¢ y=3t‘2 ED 3:If]_|\§$l Tt
FU R =0T ¢t=1dh o 90 H foy

T HE &1 YT SIS

(M T fog em@@ Q @R Q, TH-IW ¥
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foga &= % gREm 7x10°NC! R

aw @Y T G H1 AT FHIFU)
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(F) TH &fas aR ° um gd 9 ufvsm w AR
Tafed & W Rl T AR W 9 &1 fem
Fn B, Ak a8 um fen W fR =9
T W Yeal 1 Gahid & IW H AR
g 2 3k a”R ® 30 A ¥W vAIfEqd B OE,
A Yot % FaRE &F & wRO S fw
T 107'T 7, AR HI U@ THE @O W

ANIfaq a1 Ufienfaa wifsul

(B) T & ¥Fad W W A 10 cm @rel
AN H TH o9 g gy 3 o ®,

THEAA G A9 B H 79 WER @ ¥
o o1 &9 o0 & THdA W Ao 2
S A R TS F s iR
2 3N SH&T g 0.1 Ts'shl 9 &%
W ¥ oT@ ¥ U@ uw & fRem el

qRAT gRenfad S|
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() T IR @ i |, fSod wied &1
ghd 1.0 m? ¥, TR um W
Afushan o T wifew) o @ fo wiel
& o= &1 fogd &9 E=Eysinot 8, @l
E,=5V 3R emfd 15 MHz @I

(€,=8.85x1072 Fm™ HH )

2. Tl gig wmi & S A . 5x5=25

- - ~ e~ e
(F) WA H A.dl H AA IREHAT BN,

e A A A .
SRl A=x%+x+2%k Aq C, xy-GHaA H

eaa & o feteq afkenfog o €

2 2
x—+y—=1,2=0.
16 64

o

(@) SEas9 Y9I w1 Sod fafew g

ST X M x2+y2 +22 =¢® W Il

- . A
g A=2x+3yj+zk, H AfHEE
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() T TR @ R, & &9%a 90 cm?
g, uRmm 2x107C & wEE ek fawda
JEY T W B g B WE H TH
TE-Toifdgs TRd W W@ ® @R
TE-Sfdgsd & 0 O foga-ed
4x10°Vm™' B SE-TdfEs @
TE-gafs faais = ¢ ? T € T
= & offF SE-Sifdged TR 7 B W

ﬁl@?{&}lﬂEozg %,Tﬂﬁ(j‘ﬁl@f'q'{

€o

TSI 3TEET T 2

(%) i emafyd %o A, B iR ¢ &1, f 9
Y% W 1.00 uC a9 €, Th Ereft @
o fommeen & W@ W@ ?1 A IR B &
= # g 0.0l m Bl F C W AT @I
35 feraga &« = ', 9k 3@ Y@
AB & STI<¥ &1 B & aRff 3N AB &

7 fog W @l T ?
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(%) feft fag W fogn  fawa e
V =x(2y* - 2x%) Y 9w BE R ﬁvlg

(1,1) W fag@ & E dRepfaa sifagl

(F) TH ag-shie TRl § Jfd S=He 30
W F SR T 0.27 A ¥R VeEd @ W

2| uiefee & #= °§ 999 &9 B 8N

EECIAREGICE] H &1 9 gResfad sif)
It wE W’ w we &, oHH!
Jasheiierdl 6x102Hm™ 2, ufArferst &

gferse feren <3, o 39 feefda & H @R B

T M UReh{ad shifelg|

o =4nx10"Hm™ #H o

(B) 1m o9 3R 15 cm A a0l SoHEs |

T & 9000 ®Y B THH Wared B Wl
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30A Y0 1.0ms ¥ fFo@ R & =@ &
STt B 9 U H I T S g, @
T & ot fogqa aes s @1 9iRemn

B ? p, =1.26x10°Hm™ |

(3) fafq o & for@ gaea & &1 fagq
& e 2 e

N

E= (30Vm_1>92 cos (108t + kz).

T & faw @ EeRer & fgem, @@

e, i iR gashia &5 A ity
3. et wah 9 &1 IW ST 1x10=10
(%) gafma omew famor & fou fagm &9 =

fot =9 1 f99 saEw 55 R 9@

T EAd STEY SFcd o1l U
Meld AES famor & &R0 38H &= o
T r W TOga &5 1 ASH T RIS,
9 (i)r>R, 3 (i) r<R 2 10
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(@) () IR = o & 99ea ®9

J. E.glzuol

e, 9 3R FX IUHT aFhd ©Y

g hITSIT 3R THeET foh Hawig &
B @ Uw Wt &% § v@ uN wed
%1 7E I 2 5

Giyfe ufgeei = oefw, fr=fafea

afterdt o iR gt &5 : 5

-

E= jEO sin (z —vt);

-

B=iB,sin(z-ut)

—

IR %E:-% H HIL B

€ el E, 3t B, 3R € ?
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