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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 : 

2 2
AT ( , )x y

x y
=

+
  

(b) Determine the position vector of a particle 

( )r t
→

 moving with the velocity : 
→

= −ˆ ˆV( ) 2 sin cost t i t j  

 given that ˆ ˆr i j
→

= +  at t = 0. 
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(c) 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.  

(d) A charge of + 18 µC 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 

(e) A dielectric block is polarised such that : 

             
→

− −= × + +6 2 2ˆ ˆ ˆP 2.0 10 (2 ) Cmx i yj zk  

Determine the bound volume charge 
density for the block.   

(f) Draw the labelled B-H curve for a 
ferromagnetic material and indicate 
coercivity and remanence an it.  

(g) 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 
is the mutual inductance of the two coils ? 
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(h) The electric field of an electromagnetic 
wave in vacuum is given by : 

      
→ π = − π ×  

9 ˆE 50 sin 2 10
3

x t y  

where E is in −1Vm , x is in m and t 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) Using Stokes’ theorem, show that a central 

conservative force field F
→

 is irrotational 
everywhere.  5 

(b) Using the divergence theorem, determine 
the flux of the vector field : 5 

→
= + +ˆ ˆ ˆF 2 3xi yj zk  

through the surface of the sphere given by 
2 2 2 16.x y z+ + =    5 

(c) A charged non-conducting spherical shell 

having inner radius 2.0 m and outer radius 

5.0 m carries a charge of magnitude 18 µC 

distributed uniformly over its volume. 
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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 

(d) The point charges + q 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 + q, between the 

two charges where the electric potential is 
zero.  5 

(e) Two parallel conducting plates, each of 

area 1.0 2m  are separated by a distance of 
−× 22.0 10 m . 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.  

(i) Calculate the dielectric constant, 

permittivity and susceptibility of the 
dielectric.  3 
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(ii) Determine the electric field between 
the plates in vacuum, and the electric 
field in the dielectric.  2 

(f) 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 

(g) 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 

(h) The electric and magnetic fields associated 
with an electromagnetic wave are given  
by :   3 + 2 

→
= − ω0 ˆE E sin ( )kx t y  

and     
→

= − ω0 ˆB B sin ( )kx t z  

Determine the magnitude and direction of 
the Poynting vector, and the energy 
density of the electromagnetic field.  
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3. Answer any two parts : 

(a) Derive the expression for the electric 

potential at a point inside a uniformly 
charged non-conducting sphere. 5 

(b) Using Biot-Savart’s law, obtain an 

expression for the magnetic field at a point 
on the axis of a current- carrying loop.  5 

(c) 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 : 

−= ×
πε

9 2 2

0

1 9 10 N-m C
4

 

−= − × 191.6 10 Ce  

−= × 8 13 10 msc     
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      BPHCT-133 

foKku Lukrd (ch-,l-&lh-th-) 

l=kkar ijh{kk 

fnlEcj] 2020 

ch-ih-,p-lh-Vh--133 % fo|qr vkSj pqacdRo 

le; % 2 ?k.Vs     vf/dre vad % 50 

uk sV % lHkh iz'u dhft,A vkarfjd fodYi fn, x, gSaA 

izR;sd iz'u ds vad mlds lkeus fn, x, gSaA 

izrhdksa ds vius lkekU; vFkZ gSaA HkkSfrd fu;rkadksa 

ds eku var esa fn, x, gSaA vki dSYdqysVj dk 

mi;ksx dj ldrs gSaA 

1- dksbZ ik ¡p Hkkx dhft, % izR;sd 3 

(d)  iQyu % 

2 2
AT ( , )x y

x y
=

+
 

 dk xzsfM,UV Kkr dhft,A  
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([k)  osx % 

→
= −ˆ ˆV( ) 2 sin cost t i t j  

 ls xfreku d.k dk fLFkfr lfn'k ( )r t
→

 Kkr 

dhft,] tcfd fn;k gS fd t = 0 ij 

ˆ ˆr i j
→

= +  gSA  

(x)  vkos'k + 6.0 nC okys ,d d.k dk mlls  

3-0 m dh nwjh ij fo|qr {ks=k ifjdfyr 

dhft,A ml fcUnq ij fLFkr ,d bysDVªkWu ij 

yx jgk fLFkj oS|qr cy Kkr dhft,A 

(?k)  f=kT;k 0-10 m okys [kks[kys /kfRod xksys ij 

+ 18 µC dk vkos'k j[kk tkrk gSA mlds dsUnz 

ij fo|qr {ks=k dk eku D;k gS\ mlds dsUnz ls 

1-0 m nwjh ij fLFkr fcUnq ij mlds fo|qr 

foHko dh x.kuk dhft,A 

(³)  ,d MkbZbysfDVªd [kaM dk /zqo.k bl rjg ls 

gksrk gS fd % 

                 
→

− −= × + +6 2 2ˆ ˆ ˆP 2.0 10 (2 ) Cmx i yj zk  

 gSA [kaM ds fy, ifjc¼ vk;ru vkos'k ?kuRo 

dh x.kuk dhft,A      
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(p)  ,d ykSg pqacdh; inkFkZ ds fy, yscfyr B-H 

oØ [khafp;s vkSj ml ij fuxzkfgrk ,oa 

pqacdRoko'ks"k fn[kkb,A  

(N)  ,d izk:ih bXuh'ku dqaMyh (tks nks dqaMfy;ksa 

ls cuh gksrh gS) esa 4-0 A dh /kjk izokfgr 

gksrh gS vkSj og LikdZ Iyx dks 32 kV dk 

fo|qr&okgd cy iznku djrh gSA ;fn gj 

0-10 ms ij /kjk dks jksdk tk,] rks nksuksa 

dqaMfy;ksa dk vU;ksU; izsjdRo D;k gksxk\ 

(t)  fuokZr~ esa fo|qrpqEcdh; rjax dk fo|qr~&{ks=k~  

gS % 

→ π = − π ×  
9 ˆE 50 sin 2 10

3
x t y  

 tgk¡ 1E, Vm−  esa gS] x, m esa rFkk t, s esa gSA 
rjax dh vko`fÙk] rjaxnS?;Z vkSj rjax ds lapj.k 

dh fn'kk Kkr dhft,A mlls lac¼ pqacdh; 

{ks=k dh fn'kk D;k gS\ 

2- dksbZ ik ¡p Hkkx dhft, % 

(d)  LVksDl izes; dk mi;ksx djds fl¼ dhft, fd 

,d dsUnzh; laj{kh cy {ks=k F
→
 loZ=k v?kw.khZ 

gksrk gSA 5 
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([k)  MkbotsZUl izes; dk mi;ksx dj % 
2 2 2 16x y z+ + =  

 ds i`"B ls gksdj tkus okyk] lfn'k {ks=k % 

ˆ ˆ ˆF 2 3 3xi yj k
→

= + +  

 dk vfHkokg Kkr dhft,A   5 

(x)  ,d vkosf'kr vpkyd xksyh; dks'k] ftldh 

vkarfjd f=kT;k 2-0 m gS vkSj cká f=kT;k 

5-0 m] ds vk;ru ij ifjek.k 18 µC okyk 
vkos'k ,dekur% forfjr gSA mlds dsUnz ls 

3-0 m dh nwjh ij fo|qr {ks=k ds ifjek.k dh 

x.kuk dhft,A 5 

(?k)  nks fcUnq vkos'k + q vkSj – 2q ,d ljy js[kk 

ij ,d&nwljs ls 12 m dh nwjh ij j[ks gSaA nksuksa 

vkos'kksa ds chp] vkos'k + q ls og nwjh Kkr 

dhft, tgk¡ fo|qr foHko 'kwU; gksxkA 5 

(³)  nks lekarj pkyd IysVsa ftudk izR;sd dk 

{ks=kiQy 1-0 2m  gS] ,d&nwljs ls 
−× 22.0 10 m  dh nwjh ij gSaA fuokZr esa muds 

chp foHkokarj 1000 V gSA tc muds chp 

2-0 cm eksVh 'khV j[kh tkrh gS] rks muds chp 

dk foHkokarj ?kVdj 500 V jg tkrk gSA 
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 (i) MkbysfDVªd inkFkZ ds MkbysfDVªd fu;rkad] 

fo|qr'khyrk vkSj fo|qr izo`fÙk dh x.kuk 

dhft,A 3  

 (ii) fuokZr esa IysVksa ds chp fo|qr&{ks=k vkSj 

MkbysfDVªd inkFkZ esa fo|qr&{ks=k dh x.kuk 

dhft,A  2 

(p)  f=kT;k 0-05 m ds ,d o`Ùkkdkj ywi esa ftlesa 

rkj ds 100 iQsjs gSa] 1-0 A dh /kjk izokfgr 

gksrh gSA ywi ds pqacdh; vk?kw.kZ ds ifjek.k dh 

x.kuk dhft,A eku yhft, fd vkjaHk esa 

pqacdh; vk?kw.kZ 0-50 T ds ,dleku pqacdh; 

{ks=k ds lkFk lajsf[kr gSA ywi ds vkjafHkd 

vfHkfoU;kl ls mls 90° ij cuk;s j[kus ds  

fy, vko';d cy vk?kw.kZ dk ifjek.k D;k 

gksxk\  2$3 

(N)  ysUt ds fu;e dk dFku nhft,A bl fu;e dk 

mi;ksx dj le>kb, fd ,d ifjukfydk 

(solenoid) ds Åij j[kk /kfRod oy;] 

ifjukfydk esa /kjk izokfgr djus ij mNy D;ksa 

tkrk gSA 1 + 4 



 [ 12 ] BPHCT-133 

   

(t)  ,d fo|qr&pqacdh; rjax ls lac¼ fo|qr~ vkSj 
pqEcdh; {ks=k fuEuor~ gSa % 3 + 2  

→
= − ω0 ˆE E sin ( )kx t y  

 vkSj  
→

= − ω0 ˆB B sin ( )kx t z  
iksbafVax lfn'k ds ifjek.k vkSj fn'kk vkSj 
fo|qrpqacdh; {ks=k dk ÅtkZ ?kuRo Kkr dhft,A  

3- dksbZ n k s Hkkx dhft, % 
(d)  ,dlekur% vkosf'kr vpkyd xksys ds Hkhrj 

fLFkr fcUnq ij fo|qr foHko dk O;atd  
O;qRiUu dhft,A  5 

([k)  ck;ks&lsoVZ ds fu;e dk mi;ksx dj] ,d 
/kjkokgh ywi ds v{k ij fLFkr fcUnq ij 
pqacdh; {ks=k dk O;atd izkIr dhft,A  5 

(x)  fuokZr esa vody :i esa eSDlosy lehdj.kksa 
ds O;atd fyf[k,A budk mi;ksx dj fo|qr 
{ks=k ds fy, fuokZr~ esas fo|qrpqacdh; rjax 
lehdj.k O;qRiUu dhft,A  2 + 3 

 HkkSfrd fu;rkad % 

−= ×
πε

9 2 2

0

1 9 10 N-m C
4

 

−= − × 191.6 10 Ce  
−= × 8 13 10 msc  
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