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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 : 5×3=15 

(a) Determine the unit vector normal to the 

curve 2 25 1x y+ =  at the point (1, –2). 
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(b) Determine the work done by a force : 

ˆ ˆF ( 3 ) ( )x y i x y j
→
= − + −   

in moving a particle along a curve in the 
xy-plane given by x = 2t, 23y t=  from t = 0 
to t = 1. 

(c) Two positive point charges 1Q  and 2Q  are 

2.0 m apart and their combined charge is 

30 µC. 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 3 17 10 NC−×  at a 

distance of 2.0 m. Calculate the linear 

charge density.  

(e) A dielectric block is polarised such that : 

7 2ˆ ˆ ˆP 1.5 10 ( )Cmxi j k
→

− −= × + +   

Calculate the bound volume charge 

density.  
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(f) 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 is about 

410 T.−   

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

having radius 10 cm and resistance 3 Ω is 

kept in a uniform magnetic field B
→

 at right 

angle to its cross-sectional area. The 

magnetic field points into it and increasing 

at the rate of 0.1 −1Ts . 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 21.0 m . 

It is given that the electric field between 

the plates is 0E E=  sin ωt with =0E 5 V  

and frequency 15 MHz.  

(Take 12 1
0 8.85 10 Fm )− −∈ = ×     

2. Answer any five parts : 5×5=25 

(a) Evaluate 
→ →

∫C A.dl , where 2 2ˆ ˆ ˆA x i xj z k
→
= + +  

and C is the ellipse in the xy-plane defined 
by : 

2 2
1, 0

16 64
x y z+ = = .    

(b) State divergence theorem. Using it 
calculate the divergence of the vector field 

ˆ ˆ ˆA 2 3 ,xi yj zk
→
= + +  over a sphere 

2 2 2 2x y z a+ + = .  

(c) Two parallel plates, which have cross-

sectional area of 290 cm , carry equal and 

A–201/BPHCT–133   



 [ 5 ] BPHCT–133 

opposite charge of 72 10 C.−×  The space 

between the plates is filled with a dielectric 

material and the electric field within the 

dielectric is −× 5 14 10 Vm . What is the 

dielectric constant of the dielectric if the 

electric field across the plates without 

dielectric is given by 0
0

E σ
=
∈

, where σ is 

the surface charge density of the plates.  

(d) Three charged particles A, B and C each 

having a charge of 1.00 µC, 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 is 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 2 2V (2 2 ).x y x= −  Determine the electric 

field 
→
E at point (1, 1). 
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(f) 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 
− −× 3 16 10 Hm  is inserted in the solenoid, 

what will be the value of H
→

 and B
→

 ? Take 
7 14 10 Hm .− −µ = π×  

(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 6 1
0 1.26 10 Hm .− −µ = ×   

(h) Consider an electromagnetic wave in 
vaccum whose electric field is given by : 

     ( ) ( )
→

−= +1 8ˆE 30Vm cos 10 .x t 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 : 1×10=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 (ii) r < R. 10 

(b) (i) Starting from the integral form of 
Ampere’s law : 

              0B. Idl
→ →

= µ∫   

  enclosed, obtain its differential form 

and hence show that B
→

 is conservative 
field only when current density is zero. 

5 
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(ii) Under what conditions, do the 
following time-varying electric and 
magnetic field : 5 

0
ˆE E sin( );j z vt

→
= −   

0B B sin( )i z vt
→
= −  

  with 0E  and 0B  as constant, satisfy 

the equation : 

BE
t

→
→ → ∂
∇× = −

∂  
?    
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      BPHCT–133 

foKku Lukrd (lkekU;) 

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

l=kkar ijh{kk 

fnlEcj] 2024 

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

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

uk sV % lHkh iz'uksa ds mÙkj nhft,A vkarfjd fodYi fn, 

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

gSaA izrhdksa ds vius lkekU; vFkZ gSaA vki 

dSYdqysVj dk mi;ksx dj ldrs gSaA 

1- fdUgha ik ¡p Hkkxksa ds mÙkj nhft, % 5×3=15 

(d)  2 25 1x y+ =  }kjk ifjHkkf"kr oØ ds fy, fcUnq 

(1] &2) ij yac ,dd lfn'k fu/kZfjr 

dhft,A 
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([k)  xy-lery esa cy ˆ ˆF ( 3 ) ( )x y i x y j
→
= − + −  

}kjk oØ x = 2t; 23y t=  ds vuqfn'k fdlh 

d.k dks t = 0 ls t = 1 rd ys tkus esa fd, 

x, dk;Z dk ifjdyu dhft,A 

(x)  nks fcUnq vkos'k 1Q  vkSj 2Q  ,d&nwljs ls  

2.0 m dh nwjh ij j[ks gSaA muds vkos'kksa dk 

;ksx 30 µC gSA ;fn ,d vkos'k nwljs vkos'k 

dks ifjek.k 0-090 N ds cy ls izfrdf"kZr 

djrk gS] rks nksuksa vkos'kksa ds ifjek.k D;k gSa \ 

(?k)  vuar js[kk vkos'k ds dkj.k 2-0 m dh nwjh ij 

fo|qr {ks=k dk ifjek.k −× 3 17 10 NC  gSA 

jSf[kd vkos'k ?kuRo dh x.kuk dhft,A 

(Ä)  ,d MkbysfDVªd [kaM dk /qzo.k bl rjg gksrk 

gS fd 7 2ˆ ˆ ˆP 1.5 10 ( )Cmxi j k
→

− −= × + +  gSA bl 

[kaM ds fy, ifjc¼ vk;ru vkos'k ?kuRo 

ifjdfyr dhft,A 
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(p)  ,d {kSfrt rkj esa /kjk iwoZ ls if'pe dh vksj 

izokfgr gks jgh gSA bl rkj ij cy dh fn'kk 

D;k gksxh] ;fn ;g eku fy;k tk, fd bl 

LFkku ij i`Foh dk pqacdh; {ks=k mÙkj dh vksj 

gS \ ;fn rkj esa 30 A /kjk izokfgr gksrh gks] 

rks i`Foh ds pqacdh; {ks=k ds dkj.k tks fd 

yxHkx 410 T−  gS] rkj dh izfr bdkbZ yackbZ ij 

vkjksfir cy ifjdfyr dhft,A 

(N)  i`"B ds lery ij j[ks f=kT;k 10 cm okyk 

rkj dk ,d ywi ftldk izfrjks/ 3 Ω gS] 

,dleku pqacdh; {ks=k B
→
 esa bl izdkj j[kk gS 

fd pqacdh; {ks=k ywi ds lery ij yacor~ gSA 

pqacdh; {ks=k dh fn'kk i`"B ds Hkhrj dh vksj 

gS vkSj mldk ifjek.k 0-1 −1Ts dh nj ls c<+ 

jgk gSA ywi esa izsfjr /kjk dh fn'kk vkSj 

ifjek.k ifjdfyr dhft,A 
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(t)  ,d lekarj IysV la/kfj=k esa] ftlesa IysVksa dk 

{ks=kiQy 1-0 2m  gS] foLFkkiu /kjk dk 

vf/dre eku Kkr dhft,A fn;k gS fd IysVksa 

ds chp dk fo|qr {ks=k 0E E sin t= ω  gS] tgka 

=0E 5 V  vkSj vko`fÙk 15 MHz gSA  

( − −∈ = × 12 1
0 8.85 10 Fm  eku ysa) 

2- fdUgha ik ¡p Hkkxksa ds mÙkj nhft, % 5×5=25 

(d)  lekdy 
→ →

∫C A.dl  dk eku ifjdfyr dhft,] 

tgk¡ 2 2ˆ ˆ ˆA x i xj z k
→
= + +  rFkk C, xy&lery esa 

nh?kZo`Ùk gS ftls fuEuor~ ifjHkkf"kr djrs gSa % 

+ = =
2 2

1, 0.
16 64
x y z  

([k)  MkbotsZUl izes; dk dFku fyf[k,A bldk 

mi;ksx dj xksys 2 2 2 2x y z a+ + =  ij lfn'k 

{ks=k ˆ ˆ ˆA 2 3 ,xi yj zk
→
= + +  dk vfHkokg 

ifjdfyr dhft,A 
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(x)  nks lekarj IysVksa ij] ftuds {ks=kiQy 290 cm  

gSa] ifjek.k 72 10 C−×  ds leku vkSj foijhr 

vkos'k gSaA IysVksa ds chp ds LFkku esa ,d 

MkbZ&bysfDVªd inkFkZ j[kk tkrk gS vkSj 

MkbZ&bysfDVªd ds Hkhrj fo|qr&{ks=k 
−× 5 14 10 Vm  gSA MkbZ&bysfDVªd dk 

MkbZ&bysfDVªd fu;rkad D;k gS \ fn;k gS fd 

IysVksa ds chp MkbZ&bysfDVªd inkFkZ u gksus ij 

fo|qr {ks=k 0
0

E σ
=
∈

 gS] tgk¡ σ IysVksa ij 

i`"Bh; vkos'k ?kuRo gSA 

(?k)  rhu vkosf'kr d.kksa A, B vkSj C dks] ftuesa ls 

izR;sd ij 1-00 µC vkos'k gS] ,d lh/h js[kk 

esa fojkekoLFkk esa j[kk tkrk gSA A vkSj B ds 

chp dh nwjh 0-01 m gSA d.k C ij yx jgk 

'kq¼ fLFkjoS|qr cy D;k gksxk] ;fn bls js[kk 

AB ds vuqfn'k d.k B ds ck;ha vksj AB ds 

eè; fcUnq ij j[kk tk, \ 
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(Ä)  fdlh fcUnq ij fo|qr foHko laca/ 

2 2V (2 2 )x y x= −  ls izkIr gksrk gSA fcUnq  

(1, 1) ij fo|qr {ks=k E
→
 ifjdfyr dhft,A 

(p)  ,d ok;q&ØksM ifjukfydk esa izfr lsUVhehVj 30 

iQsjs gSa vkSj blesa 0-27 A /kjk izokfgr gks jgh 

gSA ifjukfydk ds dsUnz esa pqacdh; {ks=k B
→
 vkSj 

pqacdh; rhozrk H
→
 dk eku ifjdfyr dhft,A 

;fn ,d yksgs dh ØksM dks] ftldh 

pqacd'khyrk 3 16 10 Hm− −×  gS] ifjukfydk esa 

izfo"V fd;k tk;s] rks bl fLFkfr esa H
→
 vkSj B

→
 

dk eku ifjdfyr dhft,A 

 7 1
0 4 10 Hm− −µ = π×  eku ysaA 

(N)  1 m yacs vkSj 15 cm O;kl okys lksysukWbM esa 

rkj ds 9000 iQsjs gSaA blesa izokfgr gks jgh  
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3.0 A /kjk 1.0 ms esa fu;r nj ls 'kwU; gks 

tkrh gSA tc /kjk dks 'kwU; fd;k tkrk gS] rks 

izsjd ds fojks/h fo|qr okgd cy dk ifjek.k 

D;k gksxk \ 6 1
0 1.26 10 Hm− −µ = ×  ysaA 

(t)  fuokZr~ esa ,d fo|qr pqacdh; rjax dk fo|qr 

{ks=k fn;k gS % 

( ) ( )
→

−= +1 8ˆE 30Vm cos 10 .x t kz  

 rjax ds fy, rjax lapj.k dh fn'kk] rjax 

la[;k] vko`fÙk vkSj pqacdh; {ks=k Kkr dhft,A 

3- fdlh ,d Hkkx dk mÙkj nhft, % 1×10=10 

(d)  lefer vkos'k forj.k ds fy, fo|qr {ks=k ds 

fy, xkml dk fu;e crkb,A f=kT;k R okys 

,dleku vk;ru vkos'k ?kuRo okys ,d 

xksyh; vkos'k forj.k ds dkj.k mlds dsUnz ls 

nwjh r ij fo|qr {ks=k dk O;atd izkIr dhft,] 

tc (i) Rr ≥ , vkSj (ii) r < R gSaA 10 
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([k)   (i)  ,sfEi;j ds fu;e ds lekdy :i % 

    0B. Idl
→ →

= µ∫   

  ifjc¼] ls vkjaHk dj bldk vody :i 

izkIr dhft, vkSj le>kb, fd pqacdh; {ks=k 

B
→
 rHkh ,d laj{kh {ks=k gS tc /kjk ?kuRo 

dk eku 'kwU; gSA 5 

 (ii) fdu izfrca/ksa ds v/hu] fuEufyf[kr 

ifjorhZ fo|qr~ vkSj pqacdh; {ks=k % 5 

0
ˆE E sin( );j z vt

→
= −   

0B B sin( )i z vt
→
= −  

   lehdj.k BE
t

→
→ → ∂
∇× = −

∂
 dks larq"V djrs 

gSa] tgk¡ 0E  vkSj 0B  vpj gSa \ 

 

× × × × × × × 
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