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BACHELOR OF SCIENCE (GENERAL)
(BSCG)
Term-End Examination
June, 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. You may use a calculator.
Symbols have their usual meanings. Values

of physical constants are given at the end.

1. Answer any five parts : 5x3=15

(a) IfV= x? +cos y—xz defines a scalar field,
then obtain its directional derivative at the

point (2, T, —1) n the direction

(i+5-#)/\5 .

P.T.O.



(b)

(©

(d)

(e)
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Calculate the line integral of the vector

- -
F=—r/r® along the curve

7 (t)=ti +1] +1k with 0<¢<2.

The electric field due to a uniformly
charged sphere of radius 0.05 m has the
magnitude 9.0 NC-1 at a distance of 0.15 m
from centre. What is the net charge on the
sphere ? What is the volume charge density

of the charge distribution ?

A Gaussian surface of a cylindrical shape
(of radius 0.5 m and height 10 m) encloses
a few positive charges. Assuming that the
electric field due to these charges is normal
to the Gaussian surface and has magnitude
900 NC-1, calculate the volume charge
density of the charge distribution.

The electric potential at any point is given

by :

V=x(y2—3x2)

N
Calculate the electric field E at that point.



®

(g

(h)

[3] BPHCT-133

Two parallel plates, which have cross-

sectional area of 100 cm?2, carry equal and

opposite charge of 107°C. The space
between the plates is filled with a dielectric
material and the electric field within the
dielectric 1s 3.3 x 105 Vm-1. What is the
dielectric constant of the dielectric if the
electric field across the plates without the
dielectric is given by E, =8E where o is
0

the surface charge density of the plates.

A toroid with 1000 turns is wound on an
iron ring whose cross-sectional area is
400 mm?2, mean circumference is 0.75 m
and relative permeability 1is  1000.
If the windings carry 0.25 A current,

calculate the wvalue of the magnetic

-

intensity H.

The magnitude of the maximum electric
field associated with an electromagnetic
wave travelling in vacuum is 500 Vm-1
Determine the magnitude of the maximum

magnetic field associated with the wave.

P.T.O.
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2. Attempt any five parts : 5x5=25

(a)

(b)

(c)

A wire loop of radius 20 cm and resistance

3.0 Q is kept in a uniform magnetic field

]_3) at right angles to it. The magnetic field
points into the page and is increasing at
the rate of 0.10 Ts!. Determine the
magnitude and direction of the induced

current in the loop.

A long cylindrical wire of radius R carries a
steady current % which 1s uniformly
distributed over its cross-sectional area.
Determine the magnetic field at a distance

r < R from the axis of the wire.

In the Bohr model of hydrogen atom, the
electron follows a circular orbit centered on
the nucleus. The speed of electron is ‘v’ and
radius of the orbit is r. Show that the

effective current in the orbit is i. If the

2nr
radius of the orbit is 5.3 x 10-11 m and the
electron’s speed is 2.2 x 106 ms-1, calculate
its frequency f and the current ‘ i ’ in the

orbit.
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(d) Calculate the effective capacitance of three

(e)

®

capacitors arranged in such a way that two
of them C; and C2 are in series and third
one C3 i1s in parallel with this series
combination.

The electric field in some region of space is

_)
given by E =crr, where 'c' is a constant.

Use the differential form of Gauss’ law to
calculate the volume charge density, which
gives rise to this electric field. Obtain the
total charge contained in a sphere of radius
R centred as the origin in the region of
space.

How much work needs to be done to
transport an electron from +ve terminal
of a 6-volt battery to 1its negative

terminal ?

P.T.O.



3.
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- -
(g) Using Stokes’ theorem, evaluate j.)F dl
28 ot ar
where F=x%1+2xj+2z°k and C 1is the
ellipse in the xy-plane defined by :
2 .2
AN - 1,z=0
16 9
(h) Determine the values of a, b and c¢ such
that the vector field :
— . o
A=Bx—y+az)i+(bx+2y+z)j
+ (x+cy—2z) E
1s irrotational.
Answer any one part : 1x10=10
(a) Determine the electric potential V of a

uniformly charged spherical shell at a
point P at a distance ‘7’ from its centre O

and lying outside the shell.
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(b) State Biot-Savart’s law. Using it find an

expression for the magnetic field E at a
point P at a distance R from a long current-
carrying straight wire carrying a
current 7’ :

Physical constants :

1

4r g,

=8.99x10°Nm2C2

1y =1.26x10°NA™2
€o=8.85x10"2C*N 'm >
e=1.6x10"19C

c=3%x10%ms™!

P.T.O.
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(@) a% 7(t):tf+t}'+tl% & offewr  wfsE

()

(¥1)

(s)
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- > g
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P.T.O.
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fafq d ¥aRa fagageea o 9 d99g

sfehan fagd & &1 99 500 Vm-! 2l

T ¥ Hag fuehay JEsid & w1 7H

[aWa

qfishfera Hifsq)

2. o=l ufer 9 & S ST . 5%x5=25

(%) A 20 cm 9Tl AR &1 Th U fSEen

(@)

g 3.0Q ¥, THEHH TEHF &

B ¥ &% & owd W@ 3 qaRa &
faen g2 & offR H1 AR ® R gHHT AH
0.10 Ts! &1 X ¥ 95 @l &1 gu & Ui
¥ T fEEen R HA W i)

5 R 9l T o deHRR aR H TS
AUfEdt o i yeifed Et € S THe
FAIEI-IR=E & W THEIH ®9 W
faaf@ 21 R & 1 ¥ W r<R W

T &7 Ufehfed sifsa)

P.T.O.
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TRESH T & a6l Hied H goag,
R W wf=d T g ke ° Tfa

Tl B SR HI AT v © ql HET HI

= » 21 fREET 6 we § guet 9™
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2nr
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e & fodt &% o for@ &3 o1 99

—

E=cri © S8 ‘¢ 3R 8| MSH & [om
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~
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W ®fza B R @ e § AR ®a
3T i TOAT HIfST)

6V 928l & uareHe <fi e 9 HucAs
fHIA d T TR % AW H
foram T HE I SR BN 2,

wF wE w1 SEm w@ pF.dl

faWa g

— N ~ N
qiehfed HIT, ST F =% + 22+ 2%k ©

x2 2

AR C,xy-GHdAd | E+%=1, 2=0

P.T.O.
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() a,b IR ¢ & o HA @ HISY 5
fou dfewr &

A

X (3x—y+az)f+(bx+2y+z)]

+ (x+cy—2z)l%
TRt 1

3. s UWeh WM HIfT : 1x10=10
(F) THEHF &9 O EPE M@ HIE &
FRUT 3Hh X R fag P W W osEe
% 0 ¥ r T W T, fog@ fawa v

i@ =i
(@) sta-dad &1 fem wsaEw @ fem #
I F Th @ WY UNER! R &
HNU R ¥ g0 R W T feelt fag P

W FERT & B folq. =Seh ca
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Hifewl oM eifse fe aR o yarfed o™
w1 O 4 2l
Wifaer i :

1
4r g,

=8.99x10°Nm*C™?

1y =1.26x10°NA™2
€o=8.85x10"2C*N 'm™>
e=1.6x10"19C

c=3x108ms™!
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