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a]Ã^  f ªV«c˜O H∞RÙOÁ ( Time : 2 Hours ) 

Y…SÔ]ÁX  f 50 (Full Marks : 50) 

]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70%  (Weightage of Marks : 70%) 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for precise and correct 

answer. Marks will be deducted for spelling mistakes, 
untidiness and illegible handwriting. The figures in the 

margin indicate full marks. 
 
 
1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

Eı) E«ı_∂ëˆ a…y◊ªRÙO ◊[˝[˝ Tˆ EıÃ[˝”X * Â\ˆVX l˘]TˆÁ ◊Eı ? 

%Á„Y◊l˘Eı Â\ˆVX l˘]TˆÁ EıÁ„Eı [˝„_ ? R [˝ÓÁaÁ„W˝ÔÃ[˝ AEı◊ªRÙO 

W˝ÁT«ˆÃ[˝ Y◊Ã[˝[˝Ác˜› ◊Ã[˝e„Eı a«b]\ˆÁ„[˝ q  %ÁW˝ÁX ÂVCÃ^Á c˜_ * 

◊Ã[˝e-AÃ[˝ ÂEı≥V– ÂU„Eı %l˘ [˝Ã[˝Á[˝Ã[˝ x V…Ã[˝„±ºˆ Âl˘y Y“Á[˝_Ó 

◊XSÔÃ^ EıÃ[˝”X * 2 + 1 + 1 + 6 

F) ÂEıÁX a«b] Tˆ◊QÕˆdÂl˘‰y AEı◊ªRÙO %‹ôˆ◊Ã[˝Tˆ Y◊Ã[˝[˝Ác˜› ÂGÁ_Eı 

Ã[˝ÁFÁ %Á‰ªK˜ * ÂGÁ_Eı◊ªRÙOÃ[˝ [˝Ác˜O„Ã[˝ Â^ Y◊Ã[˝[˝◊Tˆ¤Tˆ Tˆ◊QÕˆd„l˘y 

=dY~ c˜„[˝, Y“◊Tˆ◊[˝∂ëˆ Yà˘◊TˆÃ[˝ aÁc˜Á„^Ó TˆÁÃ[˝ ]ÁX ◊XSÔÃ^ 

EıÃ[˝”X * ÂGÁ_Eı◊ªRÙOÃ[˝ =YÃ[˝ %Á◊[˝rÙ %ÁW˝Á„XÃ[˝ Tˆ_ HX±ºˆ EıTˆ 

c˜„[˝ ? AEı◊ªRÙO ZgıÁYÁ ÂGÁ_„EıÃ[˝ =YÃ[˝ θσ cos0  ]Á„XÃ[˝ 

Tˆ_ HX„±ºˆÃ[˝ %ÁW˝ÁX UÁEı„_, ÂGÁ_„EıÃ[˝ ◊\ˆTˆ„Ã[˝ ◊Eı W˝Ã[˝„XÃ[˝ 

Tˆ◊QÕˆd„l˘y =dY~ c˜Ã^ ?  6 + 2 + 2 

G) _ÁY¿Á„aÃ[˝ a…y ◊Eı ? ◊≈y]Á◊≈yEı a]„EıÁS› ◊X„V¤`Á„·¯ 

_ÁY¿Áa a]›EıÃ[˝S◊ªRÙO ◊_F«X * 

 W˝Ã[˝Á ^ÁEı V«◊ªRÙO %a›], \…ˆae^«N˛ W˝ÁTˆ[˝ YÁTˆ x – z  Tˆ„_Ã[˝ 

a]Á‹ôˆÃ[˝Á„_ y = 0 A[˝e  y = π  %[˝ÿöˆÁ„X %Á‰ªK˜ *  

x  =  0 Tˆ„_ %XÓ AEı◊ªRÙO %a›] ÈV„HÔÓÃ[˝ YÁTˆ 0V  

◊[˝\ˆ„[˝ %Á‰ªK˜ * ◊TˆX◊ªRÙO YÁTˆ •ÁÃ[˝Á %Á[˝à˘ %á˚„_Ã[˝ Â^ 

ÂEıÁ„XÁ ◊[˝≥V«„Tˆ ◊[˝\ˆ„[˝Ã[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 2 + 2 + 6 

H) ÂEıÁ„XÁ %‹ôˆÃ[˝Eı YVÁ„UÔÃ[˝ Â]Ã[˝”\ˆ[˝X ◊Eı ? ÂEıÁX Â]Ã[˝”\…ˆTˆ 

%‹ôˆÃ[˝Eı a◊~◊c˜Tˆ %á˚„_ Â^ Tˆ◊QÕˆd ◊[˝\ˆ[˝ =dY~ Eı„Ã[˝ 

TˆÁÃ[˝ Ã[˝Á◊`]Á_Á◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X A[˝e Âa◊ªRÙOÃ[˝ YVm◊_Ã[˝ 

TˆÁdY^Ô [˝ÓÁFÓÁ EıÃ[˝”X * %‹ôˆÃ[˝„EıÃ[˝ %Á[˝à˘ %ÁW˝ÁX ◊Eı A[˝e 

Am◊_„Eı %Á[˝à˘ [˝_Á c˜Ã^ ÂEıX ?  2 + 6 + 2 

2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

Eı) %‹ôˆÃ[˝„EıÃ[˝ =Y◊ÿöˆ◊Tˆ„Tˆ GÁ=„aÃ[˝ =YYÁVÓ◊ªRÙO ◊_F«X A[˝e 

AÃ[˝ TˆÁdY^Ô [˝«◊Mı„Ã^ [˝_«X * Tˆ◊QÕˆTˆ›Ã^ ◊[˝ªJ«ÙÓ◊Tˆ C Tˆ◊QÕˆTˆ›Ã^ 

Y“[˝STˆÁ EıÁ„Eı [˝„_ ? 3 + 3 
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F) ÂEıÁX ◊ÿöˆÃ[˝ Tˆ◊QÕˆd„l˘‰y =Y◊Ã[˝YÁ„TˆÃ[˝ X›◊Tˆ ◊Eı ? ªJÙÁÃ[˝◊ªRÙO 

a]ÁX %ÁW˝ÁX Q AEı◊ªRÙO [˝GÔ„l˘y ABCD-Ã[˝ ªJÙÁÃ[˝◊ªRÙO ÂEıÁS 

A, B, C C D ÂTˆ Ã[˝ÁFÁ %Á‰ªK˜ * A ÂEıÁ„S %[˝◊ÿöˆTˆ 

%ÁW˝Á„XÃ[˝ =YÃ[˝ [˝Á◊Eı ◊TˆX◊ªRÙO %ÁW˝Á„XÃ[˝ LXÓ _◊ï˘ [˝_ EıTˆ 

EıÁL EıÃ[˝„[˝ ? Ac˜O [˝GÔ„l˘‰yÃ[˝ ÂEı‰≥V– EıTˆ %ÁW˝ÁX Ã[˝ÁF„_, 

Ac˜O A ◊[˝≥V«Ã[˝ %ÁW˝Á„XÃ[˝ =YÃ[˝ _◊ï˘ [˝_ `…XÓ c˜„[˝ ? 

  1 + 3 + 2 

G) ÂEıÁX Y◊Ã[˝[˝Ác˜›Ã[˝ W˝ÁÃ[˝Eı„±ºˆÃ[˝ aep˚Á ◊VX * AEı◊ªRÙO [˝ÁÃ^«Y…SÔ 

a]Á‹ôˆÃ[˝Á_ YÁTˆ W˝ÁÃ[˝„EıÃ[˝ W˝ÁÃ[˝Eı±ºˆ ◊XSÔÃ^ EıÃ[˝”X * %ÁYXÁÃ[˝ 

GSXÁÃ^ Â^ %Ü›EıÁÃ[˝◊ªRÙO ÿëˆ›EıÁÃ[˝ Eı„Ã[˝ ÂXCÃ^Á c˜„Ã^‰ªK˜ Âa◊ªRÙOÃ[˝ 

=‰{F EıÃ[˝”X * 1 + 4 + 1 

H) %‹ôˆ◊Ã[˝Tˆ Tˆ◊QÕˆTˆÁ◊c˜Tˆ Y◊Ã[˝[˝Ác˜›Ã[˝ Y „úˆ =‡…ˆTˆ ªJÙÁY ÂEıX ÈTˆÃ[˝› 

c˜Ã^ [˝«◊Mı„Ã^ [˝_«X A[˝e Ac˜O È[˝V«Ó◊TˆEı ªJÙÁ„YÃ[˝ Ã[˝Á◊`]Á_Á 

◊XSÔÃ^ EıÃ[˝”X * 6 

I¯) V«◊ªRÙO YÃ[˝&Ã[˝ ae_G¬ %‹ôˆÃ[˝Eı ]ÁW˝Ó„]Ã[˝ %Á„Y◊l˘Eı 

%Á„[˝`ÓTˆÁ 1k  C  2k  c˜„_, TˆÁ„VÃ[˝ a›]Á‹ôˆTˆ„_ Y“„^ÁLÓ 

a›]Á`Tˆ¤m◊_ ◊XSÔÃ^ EıÃ[˝”X * Ac˜O `Tˆ¤m◊_ ÂU„Eı Tˆ◊QÕˆd 

[˝_„Ã[˝FÁÃ[˝ Y“◊TˆaÃ[˝„SÃ[˝ a…y◊ªRÙO [˝ÁÃ[˝ EıÃ[˝”X * 4 + 2 

ªJÙ) AEı◊ªRÙO Tˆ◊QÕˆd ◊•„]Ã[˝” ^◊V AEı◊ªRÙO a«b] Tˆ◊QÕˆd„l˘‰y Ã[˝ÁFÁ 

c˜Ã^, TˆÁc˜„_ Y“]ÁS EıÃ[˝”X Â^ ^FX A◊ªRÙO Tˆ◊QÕˆd„l˘‰yÃ[˝ 

aÁ„Y„l˘ θ ÂEıÁ„S %[˝ÿöˆÁX Eı„Ã[˝ TˆFX A◊ªRÙOÃ[˝ ◊ÿöˆ◊Tˆ`◊N˛  

U ( θ ) =  
→→

− Ep .  , Â^FÁ„X 
→
p  Tˆ◊QÕˆd ◊•„]Ã[˝”◊ªRÙOÃ[˝ 

◊•„]Ã[˝” }Á]Eı C 
→
E  B Âl˘‰yÃ[˝ Y“Á[˝_Ó * U-AÃ[˝ ]ÁX 

EıFX a[˝ÔÁ„Yl˘Á Â[˝◊` [˝Á Eı] c˜„[˝ ? 4 + 2 

3* Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 3 × 4 = 12 

Eı) V«◊ªRÙO EıSÁÃ[˝ %ÁW˝ÁX ^UÁy‘„] 1Q  C 2Q )( 21 QQ ≠  * 

EıSÁ V«◊ªRÙO„Eı YÃ[˝&Ã[˝ ÂU„Eı d V…Ã[˝„±ºˆ Ã[˝ÁFÁ c˜„_ TˆÁ„VÃ[˝ 

=YÃ[˝ F  ]Á„XÃ[˝ %ÁEıbÔS› [˝_ EıÁL Eı„Ã[˝ * EıSÁ V«◊ªRÙO„Eı 

EıÁ‰ªK˜ A„X YÃ[˝&„Ã[˝Ã[˝ a„Ü ^«N˛ Eı„Ã[˝ %Á[˝ÁÃ[˝ d V…Ã[˝„±ºˆ 

◊X„Ã^ ÂG„_, TˆÁ„VÃ[˝ ]„W˝Ó YÁÃ[˝&◊Ã[˝Eı [˝_ AFX EıTˆ 

c˜„[˝ ? [˝_◊ªRÙO %ÁEıbÔS› XÁ ◊[˝EıbÔS› c˜„[˝ TˆÁ [˝_«X * 3 

F) ÂVFÁX Â^ ÂEıÁX Tˆ◊QÕˆd„l˘‰y AEı◊ªRÙO [˝à˘Y„U Tˆ◊QÕˆd 

Y“Á[˝_Ó 
→
E -AÃ[˝ _Ác˜OX a]ÁEı„_Ã[˝ ]ÁX `…SÓ c˜„[˝ * 3 

G) Q a]ÁX %ÁW˝ÁX a+~ ◊TˆX◊ªRÙO EıSÁ„Eı %a›] V…Ã[˝±ºˆ ÂU„Eı 

A„X a [˝Áß◊[˝◊`rÙ a][˝Áß ◊≈y\«ˆ„LÃ[˝ ◊TˆX◊ªRÙO ÂEıÁ„S Ã[˝ÁF„Tˆ 

Â]ÁªRÙO E ıTˆEıÁ„^ÔÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 3 
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H) AEı◊ªRÙO a]Á‹ôˆÃ[˝Á_ YÁTˆ W˝ÁÃ[˝„EıÃ[˝ YÁ„TˆÃ[˝ Âl˘yZı_ A, V«c˜O 

YÁ„TˆÃ[˝ ]„W˝Ó [˝Ó[˝W˝ÁX d A[˝e TˆÁ„VÃ[˝ ]„W˝Ó t ( t < d ) 

Â[˝„W˝Ã[˝ AEı◊ªRÙO %‹ôˆÃ[˝Eı Zı_Eı Ã[˝ÁFÁ %Á‰ªK˜ * W˝ÁÃ[˝Eı◊ªRÙO„Eı 

V  ◊[˝\ˆ„[˝ %Á◊c˜Tˆ Eı„Ã[˝ TˆÁÃ[˝ YÁTˆm◊_ %‹ôˆ◊Ã[˝Tˆ EıÃ[˝Á 

c˜_ * AFX %‹ôˆÃ[˝Eı Zı_Eı◊ªRÙO„Eı ÊªRÙO„X [˝ÁÃ[˝ EıÃ[˝„Tˆ ◊Eı 

Y◊Ã[˝]ÁS EıÁ^Ô EıÃ[˝„Tˆ c˜„[˝ ? %‹ôˆÃ[˝Eı◊ªRÙOÃ[˝ %Á„Y◊l˘Eı 

◊[˝V«Ód`›_TˆÁ r∈ . 3 

I¯) ÂEıÁX ◊ÿöˆÃ[˝ Tˆ◊QÕˆd„l˘‰yÃ[˝ ÂEıÁX ◊[˝≥V«„Tˆ Tˆ◊QÕˆd ◊[˝\ˆ„[˝Ã[˝ 

]ÁX  xzzyyxV 222 ++=   Â\ˆÁ∑RÙO * Ac˜O Âl˘‰yÃ[˝ 

( 1, 1, – 1 ) ◊[˝≥V«„Tˆ Tˆ◊QÕˆd Y“Á[˝_Ó ◊XSÔÃ^ EıÃ[˝”X Â^FÁ„X 

x, y, z-AÃ[˝ AEıEı ◊]ªRÙOÁÃ[˝ * 3 

ªJÙ) ÂYÁÃ^gÁ„aÁ a]›EıÃ[˝S ◊Eı ? ÂYÁÃ^gÁ„aÁ a]›EıÃ[˝S C 

_ÁY¿Á„aÃ[˝ a]›EıÃ[˝„SÃ[˝ ]„W˝Ó ◊Eı a+EÔı TˆÁ %Á„_ÁªJÙXÁ 

EıÃ[˝”X * 3 

ªK˜) ÂEıÁX AEı◊ªRÙO Tˆ„_Ã[˝ %ÁW˝Á„XÃ[˝ Tˆ_ HX±ºˆ EıÁ„Eı [˝„_ ? 

AEı◊ªRÙO %a›] ÈV„HÔÓÃ[˝ Y◊Ã[˝[˝Ác˜› YÁ„TˆÃ[˝ %ÁW˝Á„XÃ[˝ Tˆ_ 

HX±ºˆ σ * V«◊ªRÙO a]◊[˝\ˆ[˝ Tˆ„_Ã[˝ ◊[˝\ˆ[˝Y“„\ˆV V Â\ˆÁ∑RÙO 

c˜„_, TˆÁ„VÃ[˝ ]„W˝ÓÃ[˝ [˝Ó[˝W˝ÁX d EıTˆ c˜„[˝ ? 1 + 2 

L) a [˝Áß◊[˝◊`rÙ AEı◊ªRÙO HX„EıÃ[˝ ÂEı‰≥V– q %ÁW˝ÁX Ã[˝ÁFÁ 

%Á‰ªK˜ * HXEı◊ªRÙOÃ[˝ Y“◊Tˆ◊ªRÙO Tˆ„_Ã[˝ Tˆ◊QÕˆd Z¿ıÁj ◊XSÔÃ^ 

EıÃ[˝”X * 3 

( English Version ) 
 
 

1. Answer any two questions : 10 × 2 = 20 

a) State Coulomb’s law. What is permeability ? 

What is meant by relative permeability ? A 

metallic ring has radius R. Charge q is 

uniformly distributed over the ring. Find 

the intensity of the field at a point on the 

axis of the ring at a distance x from the 

centre. 2 + 1 + 1 + 6 

b) An insulated conducting sphere is kept in a 

uniform electric field. Use the method of 

images to find an expression for the altered 

electric field produced at a point outside the 

sphere. What will be the surface charge 

density of the charge induced on the 

sphere ? If charge of surface density 
θσ cos0  is placed on a hollow sphere, then 

what will be the type of field produced 

within the sphere ? 6 + 2 + 2 
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c) What is Laplace’s equation ? Write down 

Laplace’s equation in three dimensional 

rectangular coordinates. 

 Consider two infinitely long, grounded 

metallic plates kept parallel to the x – z 

plane at y = 0 and y = π. Another infinitely 

long plate is kept along the x = 0 plane and 
is maintained at a potential of 0V . Find the 

potential at any point in the region 

bounded by the three plates. 2 + 2 + 6 

d) Explain what is meant by Polarization of an 

insulator. Find an expression for the 

potential developed at any point in the field 

produced by a polarized insulator, 

explaining the significance of the terms 

present. What are bound charges of 

insulator and why are they called so ? 

   2 + 6 + 2 

2. Answer any three questions : 6 × 3 = 18 

a) Write down Gauss’s law in a dielectric 

medium and explain its significance. What 

are electric displacement and electric 

susceptibility ? 3 + 3 

b) What is the principle of superposition in an 

electrostatic field ? 

 Four equal charges Q are kept at the four 

vertices A, B, C and D of a square ABCD. 

What will be the resultant force acting on 

the charge at A due to the other three 

charges at the three vertices ? What charge 

will have to be placed at the centre of this 

square such that the net force on this 

charge at A will be zero ? 1 + 3 + 2 

c) Define capacitance of a conductor. Find the 

capacitance of an air-filled parallel plate 

capacitor. Mention clearly the assumption 

made in your deduction. 1 + 4 + 1 

d) Explain why pressure is developed on the 

surface of a charged conductor and find an 

expression for this electric pressure for an 

insulated charged conductor. 6 

e) Two dielectric media of dielectric constants 

1k  and  2k  are adjoining each other. Find 

the boundary conditions applicable at the 

interface of the two media. Hence find the 

law of refraction obeyed by the electric lines 

of force. 4 + 2 
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f) Prove that the potential energy of an 

electric dipole when placed in an external 

uniform electric field is given by  

 U ( θ ) =  
→→

− Ep .  , where  
→
p  is the electric 

dipole moment of the dipole, θ the angle it 

makes with the field and 
→
E  the intensity of 

the applied field. When will the value of U 

be maximum or minimum ? 4 + 2 

3. Answer any four questions : 3 × 4 = 12 

a) Two electrically charged particles, having 
charges 1Q  and 2Q )( 21 QQ ≠ , when 

placed at a distance d from each other 

experience an attractive force F. These 

particles are put in contact with each other 

and again placed at the same distance part. 

Find the force of interaction between them. 

What will be the nature of this force ? 3 

b) Show that the line integral of the electric 

field intensity 
→
E  around a closed path in 

an electric field will be zero. 3 

c) Three identical point charges of magnitude 

Q are brought from infinity to the three 

vertices of an equilateral triangle of side a. 

Find the total work done in the process. 3 

d) The two plates of a parallel plate capacitor 

of area A each are kept separated by a 

distance d and a dielectric slab of thickness 
t ( t < d ) and relative permittivity r∈  is 

inserted in the space between the plates. If 

the capacitor is first charged to a potential 

V and then disconnected from the source, 

find the amount of work to be done to pull 

out the dielectric slab completely from the 

capacitor. 3 

e) The potential at a point in an electrostatic 
field is given by xzzyyxV 222 ++=  volt. 

Find the field at a point ( 1, 1, – 1 ) within 

the field where distance is measured in 

metres. 3 

f) What is Poisson’s equation ? Discuss the 

relation between Poisson’s equation and 

Laplace’s equation. 3 
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g) What is surface density of charge for any 

surface ? An infinitely long conducting 

sheet has surface charge density σ. Find 

the distance of separation d between two 

equipotential surfaces which have a 

potential difference of V volt between them. 

   1 + 2 

h) A charge q is placed at the centre of a cube 

of side a. Find the quantity of flux emerging 

through each surface of the cube. 3 

    


