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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2022 

PHE-07 : ELECTRIC AND MAGNETIC 

PHENOMENA 

Time : 2 Hours     Maximum Marks : 50 

Note : All questions are compulsory. Marks allotted 

for each question are indicated against it. 

You may use a calculator. Symbols have their 

usual meanings. The values of physical 

constants are given at the end.  

1. Attempt any five parts :  5×4=20 

(a) Two charges 1q  and 2q  are placed 3.0 m 

apart and their combined charge is 18 Cµ . 

If the magnitude of the electrostatic force 
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of repulsion between them is 0.080 N, 

obtain the values of the charges. 1+3 

(b) A charge of 10 Cµ  is placed on a hollow 

metal sphere of radius 0.50 m. What is the 

electric field at its centre ? Calculate its 

electric potential at a point 0.90 m from its 

centre.   

(c) A point charge of 10 C is located at the 

centre of a cube of side 0.05 m. Calculate 

the electric flux through each of the cube’s 

faces. 

(d) Determine the electric potential due to a 

point charge of magnitude 80 e (where e is 

the electron’s charge) of a distance of  

9.0 × 10–12

(e) A dielectric block is polarised such that :  

 m from it.  

           
→

− −= × + +7 2ˆ ˆ ˆP 3.0 10 (3 2 4 ) Cmxi j k   

Determine the bound volume charge 

density for the block. 
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(f) Draw the labelled B-H curve for a 

ferromagnetic material. Define remanence 

and indicate remanence it on the B-H 

curve.  

(g) The magnitude of the force between two 

parallel conductors, each of length 50 m 

and separated by 0.20 m is 1.0 N. 

Determine the currents in the conductors if 

the magnitude of the current in one 

conductor is twice that of the current in the 

other conductor. 

(h) The electric field of an electromagnetic 

wave in vacuum is given by : 

    

π = π × − 
 

8E 100 sin 2 10 ,
3x t y

 

= =E 0, E 0y z  

where E is in 1Vm , t−  in s and x in m. 

Determine the frequency and wavelength 

of the wave, direction of its propagation 
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and the direction of the associated 

magnetic field.  

2. Answer any two parts :  

(a) Using Gauss’ law, obtain the electric field 

due to a uniformly charged sphere at a 
point outside it. 5 

(b) Derive an expression for the capacitance 
per unit length of a cylindrical capacitor. 5 

(c) Explain the polarisation of polar and non-
polar dielectrics in the presence of an 

external electric field. Express the 
polarisation vector in terms of the electric 
field, naming all symbols. 2+2+1  

3. Answer any two parts : 2×5=10 

 (a) A current of 1.0 A flows in a copper wire of 
2.0 mm2 cross-section. Calculate the 

magnitude of the drift velocity of electrons 
in the wire. How long does it take (in s) for 
an electron to travel 0.10 m in this wire ? It 

is given that the number of conduction 
elections per cubic metre is 8.43 × 1028. 3+2 
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(b) Using Biot-Savart’s law, determine the 
magnetic field along the axis of a circular 
loop of radius R, carrying current I. 5 

(c) A circular loop of radius 0.05 m consisting 
of 100 turns of wire carries a current of  

2.0 A. Calculate the magnitude of the loop’s 
magnetic moment. Suppose that initially 
the magnetic moment is aligned with a 

uniform magnetic field of 0.10 T. What is 
the magnitude of the torque required to 
hold the loop at 30° from its original 
orientation ? 2+3   

4. Answer any two parts : 

(a) A dielectric slab of thickness t and 

dielectric constant k is kept equidistant 
from both plates of a parallel plate 
capacitor. If the area of each plate is A and 

their separation is d, such that ,d t>  

obtain the expression for the capacitance of 
the capacitor. 5  



 [ 6 ] PHE-07 

   

(b) Using Maxwell’s equations, derive the 
electromagnetic wave equation in vacuum 

for the B
→

 field. 5 

(c) The electric field of a uniform plane 
electromagnetic wave is given by : 

( ) 1
I ˆE 200 cos 8 Vmt x z

→
−= ω − π   

The wave is incident from a medium 

having 1 0 1 04 ,ε = ε µ = µ  normal to the 

plane surface of a material having 

2 0 2 05 , 5ε = ε µ = µ . Determine the 

complete expression for the reflected 
electric field. 5 

Physical Constants : 

Mass of electron = 319.1 10 kg−×   

Mass of proton = 271.7 10 kg−×   

Charge of electron = 191.6 10 C−×  

9 2 2

0

1 9 10 Nm C
4

−= ×
π ∈

  

     0µ =  7 24 10 NA− −π ×   

     0∈  = 8.85 × 10–12 Fm–1  
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      PHE-07 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2022 

ih- ,p- bZ--07 % oS|qr vkSj pqEcdh; ifj?kVuk,¡ 

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

uk sV % lHkh iz'u vfuok;Z gSaA izR;sd iz'u ds vad mlds 

lkeus fn, x, gSaA vki dSYdqysVj dk iz;ksx dj 

ldrs gSaA izrhdksa ds vius lkekU; vFkZ gSaA HkkSfrd 

fu;rkadksa ds eku var esa fn;s x;s gSaA  

1- dksbZ ik ¡p Hkkx gy dhft, % 5×4=20 

(d)  nks vkos'k 1q  vkSj 2q  ,d&nwljs ls 3.0 m dh 

nwjh ij j[ks gSa vkSj mudk dqy vkos'k 18 Cµ  

gSA ;fn muds chp fLFkjoS|qr izfrd"kZ.k cy dk 

ifjek.k 0.080 N gks] rks vkos'kksa ds eku Kkr 

dhft,A 
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([k)  ifjek.k µ10 C  dk vkos'k f=kT;k 0.50 m okys 

[kks[kys /kfRod xksys dh lrg ij j[kk tkrk 

gSA mlds dsanz ij fo|qr {ks=k D;k gS \ mlds 

dsUnz ls 0.90 m dh nwjh ij fLFkr fcUnq ij 

mldk fo|qr~ foHko ifjdfyr dhft,A  

(x)  10 C dk ,d fcUnq vkos'k Hkqtk 0.05 m okys 

,d ?ku ds dsUnz ij j[kk gSA ?ku ds izR;sd 

iQyd ls gksdj tkus okys oS|qr vfHkokg dh 

x.kuk dhft,A 

(?k)  vkos'k 80 e (tgk¡ e  bysDVªkWu dk vkos'k gS) 

okys fcUnq vkos'k ls 9.0 × 10–12

(p)  MkbysfDVªd ds [k.M dks bl rjg /zqfor fd;k 

tkrk gS fd % 

 m dh nwjh ij 

mlds dkj.k fo|qr~ foHko ifjdfyr dhft,A 

            
→

− −= × + +7 2ˆ ˆ ˆP 3.0 10 (3 2 4 ) Cmxi j k  

 [k.M ds fy, c¼ vk;ru vkos'k dh x.kuk 

dhft,A 
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(N)  ,d ykSgpqacdh; inkFkZ ds fy, yscfyr B-H 

oØ [khafp,A pqEcdRoko'ks"k dh ifjHkk"kk nhft, 

vkSj mls  B-H oØ ij fn[kkb,A 

(t)  leku yEckbZ 50 m  ds nks lekarj pkydksa ds 

chp dh nwjh 0.20 m  gS vkSj muds chp yx 

jgs cy dk ifjek.k 1.0 N gSA ;fn ,d pkyd 

esa cg jgh /kjk dk ifjek.k nwljs pkyd esa cg 

jgh /kjk dk nksxquk gks] rks pkydksa esa cg jgh 

/kjkvksa ds eku izkIr dhft,A 

(>)  fuokZr~ esa fo|qr~ pqEcdh; rjax ls lac¼ fo|qr~ 

{ks=k gS % 

       
8E 100 sin 2 10

3x t yπ = π × − 
 

, 

= =E 0, E 0y z  

 tgk¡ 1E, Vm−  esa] , st  esa vkSj , mx  esa gSaA 

rjax dh vko`fÙk vkSj rjaxnS?;Z] mlds lapj.k 

dh fn'kk vkSj lac¼ pqaCkdh; {ks=k dh fn'kk 

Kkr dhft,A  
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2- dksbZ nks Hkkx dhft, %  

(d)  xkml ds fu;e dk mi;ksx dj] ,d 

,dlekur% vkosf'kr xksys ds dkj.k mlls ckgj 

fLFkr fcanq ij fo|qr~ {ks=k Kkr dhft,A 5 

([k)  ,d csyukdkj la/kfj=k ds fy, izfr ,dd 

yackbZ /kfjrk dk O;atd O;qRiUu dhft,A 5 

(x)  cká fo|qr~ {ks=k dh mifLFkfr esa /zqoh vkSj 

v/zqoh MkbysfDVªd inkFkks± ds /zqo.k dh O;k[;k 

dhft,A lHkh izrhdksa ds uke fy[krs gq, /qzo.k 

lfn'k dks fo|qr~ {ks=k ds inksa esa O;Dr dhft,A 

2+2+1 

3- dksbZ nks Hkkx dhft, % 

(d)  ifjPNsn {ks=kiQy 2.0 mm2 okys rk¡cs ds rkj esa 

1.0 A dh /kjk cgrh gSA rkj esa ekStwn 

bysDVªkWuksa ds viokg osx dk ifjek.k ifjdfyr 

dhft,A bl rkj esa 0.10 m nwjh r; djus esa 

,d bysDVªkWu dks fdruk le; (s esa)  

yxsxk \ fn;k gS fd izfr ?ku ehVj pkyd 

bysDVªkWuksa dh la[;k 8.43 × 1028 gSA  3$2 
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([k)  ck;ks&lsoVZ ds fu;e dk mi;ksx dj] f=kT;k R  

okys o`Ùkkdkj ywi] ftlesa /kjk I cg jgh gS] ds 

v{k ds vuqfn'k pqacdh; {ks=k Kkr dhft,A 5 

(x)  f=kT;k 0.05 m okys ,d o`Ùkkdkj ywi esa] 

ftlesa rkj ds 100 iQsjs gSa( 2.0 A dh /kjk cg 

jgh gSA ywi ds paqcdh; vk?kw.kZ dk ifjek.k 

ifjdfyr dhft,A eku ysa fd vkjEHk esa 

pqEcdh; vk?kw.kZ] 0.10 T ds ,dleku pqaCkdh; 

{ks=k ls lajsf[kr gSA vius ewy foU;kl ls 30° 

ds dks.k ij ywi dks cuk, j[kus ds fy, 

vko';d cy&vk?kw.kZ dk ifjek.k D;k gksxk \ 

2+3 

4- dksbZ nks Hkkx dhft, % 

(d)  ,d MkbysfDVªd [k.M dks] ftldh eksVkbZ t  

vkSj MkbysfDVªd fu;rkad k gS] ,d lekarj 

IysV la/kfj=k ds Hkhrj nksuksa IysVksa ls leku nwjh 

ij j[kk tkrk gSA ;fn izR;sd IysV dk {ks=kiQy 

A gks vkSj muds chp dh nwjh d  (tgk¡ 

)d t> ] rks la/kfj=k dh /kfjrk dk O;atd 

izkIr dhft,A 5 
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([k)  eSDlosy lehdj.kksa dk mi;ksx dj B
→
 {ks=k ds 

fy, fuokZr~ esa fo|qr~ pqacdh; rjax lehdj.k 

O;qRiUu dhft,A 5 

(x)  ,d ,dleku lery fo|qr~ pqacdh; rjax dk 

fo|qr~ {ks=k gS % 

   ( ) 1
I ˆE 200 cos 8 Vmt x z

→
−= ω − π  

 ;g rjax 1 0 1 04 ,ε = ε µ = µ  okys ekè;e ls 

,d inkFkZ dh lrg ij vfHkyacr% vkifrr 

gksrh gSA inkFkZ ds fy, 2 0 2 05 , 5ε = ε µ = µ  

gSA ijkofrZr fo|qr~ {ks=k dk lEiw.kZ O;atd Kkr 

dhft,A 5 

 HkkSfrd fu;rkad % 

 bysDVªkWu dk nzO;eku = 319.1 10 kg−×  

 izksVkWu dk nzO;eku = 271.7 10 kg−×  

 bysDVªkWu dk vkos'k = 191.6 10 C−×  

  9 2 2

0

1 9 10 Nm C
4

−= ×
π ∈

 

 0µ =  7 24 10 NA− −π ×   

  0∈  = 8.85 × 10–12 Fm
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