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BACHELOR OF SCIENCE (GENERAL)
(BSCG)

Term-End Examination
December, 2023
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. You may use a calculator.
Symbols have their usual meanings. Values

of physical constants are given at the end.

1. Answer any five parts : 3 each

(a) The potential at any point (x, y, 2) is given
by :

k

V(x,y,z) = T

(xz + 92 +22)2

where k is a constant. Find the components

of the force along x, y and z-direction and

P.T.O.



(b)

(©

(d)
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hence obtain an expression of the

force induced at (x,y,z) by the potential
V(x, y, 2).

Calculate the work done by the force :

—> ~ 2,\
F=xyi—y“j

in moving an object along the curve y= x>

in the xy-plane from (0, 0) to (1, 1).

The hydrogen atom consists of an electron

and a proton separated by an average

distance of 5.3x107''m. Calculate the
magnitude of the electrostatic force
between the electron and proton taking

them to be at rest.

A particle carrying a charge of 3x107°C is
enclosed in a cubical Gaussian surface of
side 0.25 m. Calculate the electric flux

through the surface of the cube.



(e)

(®

()
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The radius of a gold nucleus is 6.6 x 10-15 m,
and the atomic number Z of gold is 79.
Assuming that the nucleus acts as a point

charge and electronic charge

e=1.6x 10_19C, calculate the electric

potential at the surface of a gold nucleus.
A dielectric block 1s polarized such that :
- A
P=25x10"" [3xi +j +k]cm—2

Calculate the bound volume charge density

for the block.

An electric generator consists of 20 turns
square wire coil of side 50 cm. The coil is
turned at 50 revolutions per second to
produce the standard 50 Hz a. c. produced
in India. What must the magnitude of the
magnetic field be for the peak output
voltage of the generator to be 300 V ?

P.T.O.



[4] BPHCT-133

(h) What rate of change of current in solenoid
having self-inductance 10 mH produces a

self-induced e.m.f. of 50 mV in it ?

Answer any five parts : 5x5=25

(a) Show that the electromagnetic field
described by :

4)
E = Ej 2coskx.cosky.cos ot

and

%
B=B, |:fc cos kx .sin ky — ysin kx.cos ky:|
sin ot

will satisfy the Maxwell’s equation :

N
N
§=V><E
ot
if E0=\/§ cBo and w:\/§ ck.

(b) A uniformly charged disc having charge
Q and radius R is rotating with constant
angular velocity of magnitude ®. Show

that its magnetic dispole movement has

magnitude i (QwR?).



(©

(d)

(e)

®
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A current of 0.70 A is flowing in a circular
coil of radius 0.02 m. Calculate the
magnitude of the magnetic field due to this
coil at a point 1.0 m away from the centre

of the coil along its axis.

A dielectric of dielectric constant 2.0 is
filled in the gap between the plates of a
capacitor. Calculate the factor by which the
capacitances 1s increased if the dielectric is

only sufficient to fill up 2/5 of the gap.

Three particles each having charge + Q are
placed at the vertices of an equilateral
triangle with each side of length R.
Calculate the magnitude of the net electric
field at the mid point of any side of the

triangle.

A flat sheet of charge of surface area A has
uniform surface charge density o. An

electrostatic force of magnitude

P.T.O.
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3.0x107 2N pointing in a perperdicular
direction away from the sheet, 1s exerted
on an electron of a perpendicular distance
of 0.02 m from its centre. Calculate the net

charge on the sheet for A = 2.0 m2.-

Evaluate :

@jﬁdg

- . . .
where V = 2x cos? yi+5xz j+2zsin? yk
and S is the surface of a sphere with its

centre at the origin and radius 2 units.

A two-dimensional force field is defined as :

k(x]A—yzA)

2

%
F =
x2 + 52

where k 1s a constant. Calculate the work
done by this force in taking a particle from
point A (1, 0) to B (0, 1) along a straight

line.
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3. Answer any fwo parts : 2x5=10

(a)

(b)

(c)

Consider an electric dipole AB of length
'2a' and a point P at a distance of 'r' from
the mid point C of the dipole and the line
CP is making an angle of 0 with respect to
the dipole axis. Find the electric potential

at P.

Consider a parallel plate capacitor with
dielectric material inserted between its
plates. Deduce an expression for the
capacitance of such a system when the
space between the plate is only partially

filled by the dielectric.

What do you understand by the term
‘displacement current’ ? Consider a parallel
plate capacitor that is being charged by a
constant current ‘7. Show that the
displacement current is same as the

current ‘I’ charging the capacitor.

P.T.O.
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Physical constants :

1
4m €

— 8.99x10?Nm?2C 2

€y=8.85x107"% C2 N m2
Hy =1.26x10 °NA2

e=1.6x10"12C

c=3%x108ms™!
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P.T.O.
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SEl &k Uw fEdie B Sa @ x,y SN

-feamsti o wew ufwfod wifsm &fix

fawa Vv (x,y,2) 80 65 (x,5,2) W 9Rd
ferd

[aWa
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o1 9fieh

(@) 9 f::xyf—yzj g fordt fUe &1 o=

(M)

(%)

y=x2 & IR xy—FHaA H fa5 (0, 0)
(1, 1) @ & 90 ° fen ™ &

fa

gieRferd ehifsig

TEEA WA B UE e SR UF
WA BT ® SR g o= w1 sfEad gh
53x107"! m 1 T fovmEEen ¥ wEq
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(¥) Ul &1 W] HH% Z =79, THh MHH

(=)

(3)

® BT 6.6x107° m © 3R SoreEH
BT e=1.6x10"1C Bl 98 WHHL
fyw TE fag smaw @t wifd SRR
w8, ol s & g8 W faga-fawa
Yiehferd ehitu|

T SlEelfagsd @UE &1 Yaul 38 @& aral
g fw

—

P=25x10" [3x£ +t l%}cm*Z

39 ©Us & foau ufgg A& SmEay Mo
YRehferd ehifsu|

T fofgd S ® 50 cm ST Alell AR
# T ahR HKUse & foad 20 w2l
qd # UYgH AMe 50 Hz THL &
ST’ & @ foalw |ueet &l 50 9Repdur
yfd Uhg w1 W W fa fea S R
TEHE &F HT R URENT AT AIfeT
difer SR i Rrer ol dieedt 300 V
g ?

P.T.O.
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(S) 10mH W-Yhcd did GieHEs H 50 mV

*1 @-IRa foga-aes 9a 3+ FH &

fau dieige 1 o0 ¥ 9fEdd &1 < R

g =y ?
2. &=t uter arl & S S . 5X5=25
(&) fag iftST o :
H
E = E; Zcoskx.cosky.cos wt
3R
N
B=B, [32 cos kx.sin ky — ysin kx.cos ky]
sin ot
g dfvla  fogageea  &w  fAfated
Yerqarel FHeRT
_)
_)
@:VXE
ot
w=+2ck B

(@) THEgH ®9 9 Aafyd s R amen
fewn, 9 W s Q fed 8 fra
®UMT 9T o W oA W @ B fag
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Fifoie T fer & gewa fgua sl
T TR i (QwR2) 2l

551 0.02m FEN I wee H 0.70A
YR yafEd 8 W Bl T heddl & HRO
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R feog Th fag W g@&E & &1 98
qfhferd =i

Th TURE & @ & od SEdlas
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girfaq wifse foe aft Sedfes 1wy,
T & o9 ® WE & wAd 2/5 Tl
®1 WAl 7, @ Gt &1 e fhat =g
Syl

1 R ol 9Harg FAIgsl & i 9ol W
AEY +Q ol i HU W S gl A
% Rl o & "aafasg W 92 fog@ &=
1 UMD ehifSU)

P.T.O.
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IS &l A dlell T A Hare v
1 THEAM Y83 69 T ¢ 8l ¥ &
®% 9 0.02m HI Tifesk 0 W o w
oM W e & deaad IUY dfeqel
feen o, ufmmor 3.0x10712N @men fer
dgd o SRfUd B 81 A=2.0 m? &
fae sfie W 72 smEw aRefad Sifswl

frfafad TaeRd 9iefaa sifsig

{ﬁjﬁdg

STet {>7=2xcoszyf+5xzj+22sin2y/% R
s B 2 ThEdl & T W TS ©
ST o5 gt fog W 2

e fgfom oot &5 frevea aftfid ©

k(xj—yi)

2

%
F =
x? + y?

& & TR B fREl o @ fag A(1,0)
¥ B(0,1) Tk Th W W@ & IR o
SH ¥ 39 o gR fRT T A1 aReher
iU
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3. fe=l S 9 % SW ST . 2x5=10

(%) @ 2¢ o] Tk fogd fgyd AB =

(@)

(M)

A ¢ ¥ 30 r W fem fed g
P W fgyga & &Ru 3= foga fawa
a &t e @ foF Y@ cp @R feya
de & S R 0 L

Th TR e TUE &l @l & o

eETfs Tad 9U B 39 e & fou

1R G B S ol ret £ B 1 i L
eRTdfdd e Wi % dE & WE &
el 3¥eh ®9 ¥ & 9 2l

foeae R’ 9§ oY T §EEd § 2 A

ifst for T TR @i G &l
g 4 9 el few s @ R fag
FHifey for foremm o0 &1 99 O/ 9 &

P.T.O.
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SR BT S WUTRS i STEfYd Y @

2|
ifaw Fraare
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