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ÿoˆÁTˆEı YÁPˆy‘] (B.D.P.) 
◊`l˘Á[˝bÔÁ‹ô̂  YÃ[˝›l˘Á ( Term End Examination ) :  

◊Qˆ„a∂ë̂ Ã[˝, 2014 C L«X, 2015  

YVÁUÔ◊[˝VÓÁ ( Physics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

X[˝] Yy ( 9th Paper : Electricity and Magnetism ) 
a]Ã^  f V«c˜O H≥RÙOÁ  Y…SÔ]ÁX  f 50 
Time : 2 Hours  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∂ë̂ Ã[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 

Special credit will be given for accuracy and relevance 
in the answer. Marks will be deducted for incorrect 

spelling, untidy work and illegible handwriting. 
The weightage for each question has been 

indicated in the margin. 

 

1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX  f 10 × 2 = 20 

Eı) i) Y“]ÁS EıÃ[˝”X  Â^  0. =
∂
ρ∂

+∇
→→

t
J  , Â^FÁ„X 

◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ [˝c˜X Eı„Ã[˝ * 

 ii) ◊EıaÔ„ZıÃ[˝ a…ym◊_ ◊_F«X * 6 + 4 

F) i) %Y“◊Tˆ◊]Tˆ ßc˜OªRÙO‰∫RÙOÁX [˝–›„L GÓÁ_\ˆÁ„XÁ◊]ªRÙOÁÃ[˝ 

Y“[˝Á„c˜Ã[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * 

 ii) ßc˜OªRÙO‰∫RÙOÁX [˝–›„LÃ[˝ a«„[˝◊VTˆÁ ÂEıÁXÀ ÂEıÁXÀ ◊[˝b„Ã̂ Ã[˝ 

=YÃ[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ TˆÁ =‰{F EıÃ[˝”X * 7 + 3 

G) i) [˝Á„Ã^Á-aÁ\ˆÁ‰ªRÙO¤Ã[˝ a…y◊ªRÙO ◊_F«X * Ac˜O a…‰yÃ[˝ 

aÁc˜Á„^Ó AEı◊ªRÙO [˝ w¯ÁEıÁÃ[˝ Tˆ◊QÕˆd[˝Ác˜› E«ıâ¯_›Ã[˝ ÂEı≥V– 

ÂU„Eı d V…Ã[˝„±ºˆ %„l˘Ã[˝ =YÃ[˝ ÂEıÁX ◊[˝≥V«„Tˆ ÊªJÙÏ∂ëˆEı 

Âl˘‰yÃ[˝ Y“Á[˝_Ó ◊XSÔÃ̂  EıÃ[˝”X * 2 + 5 

 ii) AEı◊ªRÙO [˝GÔÁEıÁÃ[˝ Y◊Ã[˝[˝Ác˜›Ã[˝ ]W˝Ó ◊V„Ã^ Tˆ◊QÕˆdY“[˝Á„c˜Ã[˝ 

Zı„_ Âa◊ªRÙOÃ[˝ ÂEı‰≥V– =dY~ ÊªJÙÏ∂ëˆEı Y“[˝Ác˜ HX„±ºˆÃ[˝ 

Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  EıÃ[˝”X * 3 

H) i) ÿë̂ Á„[˝` mSÁ„· Ã̄[˝ aep˚Á ◊VX * AEı◊ªRÙO V›HÔ 

a◊_X„Ã^„QˆÃ[˝ ÿëˆÁ„[˝` mSÁ„·¯Ã[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ 

EıÃ[˝”X * 2 + 6 

 ii) [˝ÓÁFÓÁ EıÃ[˝”X — AEı◊ªRÙO ªRÙOÃ[˝„Ã^Qˆ„Eı %a›] ÈV„HÔÓÃ[˝ 

a◊_X„Ã̂ Qˆ [˝„_ GSÓ EıÃ[˝Á ^ÁÃ̂  * 2 

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

Eı) ]ÓÁjC„Ã^„_Ã[˝ Tˆ◊QÕˆdªJ«Ù∂ëˆEı›Ã^ a…ym◊_ [˝Ó[˝c˜÷Tˆ ◊ªJÙ‰c˜‘Ã[˝ 

%UÔac˜ ◊_F«X * Ac˜O a…ym◊_Ã[˝ Â^ ÂEıÁXC AEı◊ªRÙO Y“◊TˆúˆÁ 

EıÃ[˝”X * 4 + 2 



 3 EPH-IX (UT-195/15) EPH-IX (UT-195/15) 4 

B.Sc.-705-G   [ P.T.O. B.Sc.-705-G  

F) AEı◊ªRÙO Tˆ◊QÕˆdªJ«Ù∂ëˆEı›Ã^ TˆÃ[˝„ÜÃ[˝ `◊N˛ HX±ºˆ EıÁ„Eı [˝_Á c˜Ã^ ? 

A◊ªRÙOÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * 1 + 5 

G) XGSÓ ÂÃ[˝ÁW˝ ◊[˝◊`rÙ V«◊ªRÙO E«ıâ¯_› a]Á‹ôˆÃ[˝Á_\ˆÁ„[˝ a◊#Tˆ 

%Á‰ªK˜ * TˆÁ„VÃ[˝ ÿëˆÁ„[˝`Á·¯ 1L  A[˝e  2L  A[˝e 

YÁÃ[˝&◊Ã[˝Eı %Á„[˝` M c˜„_ Y“]ÁS EıÃ[˝”X Â^ a][˝ÁÃ^◊ªRÙOÃ[˝ 

T«ˆ_Ó ÿëˆÁ„[˝`Á·¯ 
MLL

MLL
Leq 221

2
21

±+
−

= . 6 

H) AEı◊ªRÙO Y◊Ã[˝[˝Tˆfi Y“[˝Ác˜ [˝Tˆ¤X›„Tˆ `◊N˛ %YªJÙ„Ã^Ã[˝ c˜Á„Ã[˝Ã[˝ 

Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * AÃ[˝ ÂU„Eı Y“]ÁS EıÃ[˝”X Â^ 

AEı◊ªRÙO %ÁV`Ô W˝ÁÃ[˝Eı A[˝e AEı◊ªRÙO %ÁV`Ô %Á„[˝`„EıÃ[˝ Âl˘‰y 

ÂEıÁX `◊N˛Ã[˝ %YªJÙÃ^ c˜Ã^ XÁ * 4 + 1 + 1 

I¯) AEı◊ªRÙO a]Á‹ôˆÃ[˝Á_ %X«XÁV› [˝Tˆ¤X›Ã[˝ aÁ◊[ Ô̋Eı ÂÃ[˝Á„W˝Ã[˝ 

Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * TˆÁ ÂU„Eı %X«XÁV %[˝ÿö̂ ÁÃ̂  

aÁ◊[˝ÔEı ÂÃ[˝ÁW˝ EıTˆ ◊XSÔÃ^ EıÃ[˝”X * Ac˜O [˝Tˆ¤X›„Eı [˝L¤Eı 

[˝Tˆ¤X› [˝_Á c˜Ã^ ÂEıX ?  3 + 2 + 1 

ªJÙ) Y“]ÁS EıÃ[˝”X Â^ AEı◊ªRÙO %ÁV`Ô W˝ÁÃ[˝„EıÃ[˝ Âl˘‰y Y“^«N˛ 

Y◊Ã[˝[˝Tˆfi ◊[˝\ˆ[˝ Tˆ◊QÕˆdY“[˝Á„c˜Ã[˝ aÁ„Y„l˘ 
2
π  V`Á YÁUÔ„EıÓ 

Y∏JÙÁªdGÁ]› A[˝e AEı◊ªRÙO %ÁV`Ô %Á„[˝`„EıÃ[˝ Âl˘‰y Y“^«N˛ 

Y◊Ã[˝[˝Tˆfi ◊[˝\ˆ[˝ Tˆ◊QÕˆdY“[˝Á„c˜Ã[˝ aÁ„Y„l˘ 
2
π  V`Á YÁUÔ„EıÓ 

%G–GÁ]› * 3 + 3 

ªK˜) V«◊ªRÙO E«ıâ¯_› [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ ◊Eı\ˆÁ„[˝ H…Sfi ÊªJÙÏ∂ëˆEıÂl˘y =dY~ 

EıÃ[˝Á ^ÁÃ^ [˝ÓÁFÓÁ EıÃ[˝”X * 6 

L) Y“]ÁS EıÃ[˝”X Â^ AEı◊ªRÙO TˆÁY^«„GΩÃ[˝ Âl˘‰y 

2

2.

dT

edT
ba =σ−σ , Â^FÁ„X ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %„UÔ 

[˝Ó[˝c˜÷Tˆ * 6 

Mı) ÊªJÙÏ∂ë̂Eı [˝T ¤̂X› [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ̂  ? AEı◊ªRÙO =VÁc Ã̃[˝S ◊VX * 

ªJ«Ù∂ëˆEı±ºˆ ªJÙÁ_Eı [˝_ EıÁ„Eı [˝„_ ? Tˆ◊QÕˆd C ÊªJÙÏ∂ëˆEı [˝Tˆ¤X›Ã[˝ 

YÁUÔEıÓm◊_ ◊_F«X * 1 + 1 + 1 + 3 

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

Eı) ÿö̂ Á◊XEı %ÁW˝ÁX Y“[˝Á„c Ã̃[˝ Âl˘‰y Y“]ÁS EıÃ[˝”X Â^ %ÁW˝ÁX 

HX±ºˆ 
→→

ρ= VJ  Â^FÁ„X ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ [˝c˜X 

Eı„Ã[˝ *  3 

F) AEı◊ªRÙO aÁc˜O‰zıÁÆœÙ„X ÊY“ÁªRÙOX EıSÁm◊_„Eı ±ºˆÃ[˝Á◊XüTˆ Eı„Ã[˝ TˆÁÃ[˝ 

Â[˝G 3 × 10 8 Âa◊]/Âa„Eıâ¯ EıÃ[˝„Tˆ c˜„[˝ * aÁc˜O‰zıÁÆœÙ„X 

Y“^«N˛ a«b] ÊªJÙÏ∂ëˆEı Y“[˝Ác˜ HX„±ºˆÃ[˝ ]ÁX 1·5 ÊªRÙOa_Á c˜„_ 

aÁc˜O‰zıÁÆœÙ„XÃ[˝ [˝ÓÁaÁW˝Ô C ÊY“ÁªRÙO„XÃ[˝ [˝ w¯ÁEıÁÃ[˝ Y„U 

Y◊Ã[˝}]„SÃ[˝ Y^ÔÁÃ^EıÁ_ ◊XSÔÃ̂  EıÃ[˝”X * 3 

G) AEı◊ªRÙO Â_Ïc˜Fâ¯„Eı Y“◊Tˆ Âa„Eı„â¯ 100 ªJÙ„y‘Ã[˝ AEı◊ªRÙO 

ªJ«Ù∂ëˆEıX ªJÙy‘ Y◊Ã[˝y‘]S EıÃ[˝Á„XÁ c˜Ã^ * ^◊V Â_Ï„c˜Ã[˝ B-H 

_«„YÃ[˝ Âl˘yZı_ 5 × 10 3 L«„_Ã[˝ a]ÁX c Ã̃^ Tˆ„[˝ Y“◊Tˆ 

◊]◊X‰ªRÙO Â_Ïc˜F„â¯Ã[˝ =b’TˆÁ [  ̋◊à˘ EıTˆ c˜„[˝ ? W Ã̋[˝”X Â_Ï„c Ã̃[˝ 

HX±ºˆ = 7·7 × 10 3 ◊EıG–Á/◊]ªRÙOÁÃ[˝ 3  A[˝e %Á„Y◊l˘Eı 

TˆÁY = 470 L«_/◊EıG–Á * 3 
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H) ^«GΩX mSÁ·¯ 0 [˝Á 1 c˜„Tˆ YÁ„Ã[˝ A]X %Á„[˝`Eı [˝Ó[˝ÿöˆÁÃ[˝ 

[˝SÔXÁ ◊VX * 3 

I¯) L-R [˝Tˆ¤X›Ã[˝ a]Ã^ W˝–”[˝Eı [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? È[˝V«Ó◊TˆEı 

ae„^ÁG ◊[˝◊¨K˜~ EıÃ[˝ÁÃ[˝ LXÓ a«c˜OªªJÙ %ZÀı EıÃ[˝„_ È[˝V«Ó◊TˆEı 

ÿˆï«ı◊_Ü ÂVFÁ ^ÁÃ̂  ÂEıX ? [˝ÓÁFÓÁ EıÃ[˝”X * 1 + 2 

ªJÙ) Tˆ◊QÕˆd [˝Tˆ¤X›Ã[˝ a„[˝ÔÁ¨JÙ Tˆ◊QÕˆdl˘]TˆÁ ◊[˝◊X]Ã^ a…y◊ªRÙO ◊_F«X 

C a]Y“[˝Ác˜ [˝Tˆ¤X›Ã[˝ Âl˘‰y TˆÁ Y“]ÁS EıÃ[˝”X * 1 + 2 

ªK˜) l ÈVHÔÓ A[˝e r [˝ÓÁaÁ„W˝ÔÃ[˝ AEı◊ªRÙO a«b] Y“ÿöˆ‰¨K˜V ◊[˝◊`rÙ 

TˆÁ„Ã[˝Ã[˝ V«c˜O Y“Á„‹ôˆÃ[˝ ◊[˝\ˆ[˝ YÁUÔEıÓ V C TˆÁÃ[˝ Y“[˝Ác˜]ÁyÁ I 

c˜„_ Y„Ã^◊≥RÙOe Â\ˆkÙ„Ã[˝Ã[˝ ]ÁX C %◊\ˆ]«F ◊XSÔÃ̂  EıÃ[˝”X * 

Y“]ÁS EıÃ[˝”X Â^  

 Y“◊Tˆ Âa„Eı„â¯ `◊N˛ Y“[˝Á„c Ã̃[˝ c˜ÁÃ[˝ = VI  * 1 + 1 + 1 

L) ±ºˆEı ◊y‘Ã^Á EıÁ„Eı [˝_Á c˜Ã^ ? Ac˜O ◊y‘Ã^ÁÃ[˝ EıÁÃ[˝S [˝ÓÁFÓÁ 

EıÃ[˝”X * 1 + 2 

Mı) ÆœÙÁ≥aZı]ÔÁ„Ã[˝ H…SÔ L◊XTˆ l˘Ã^ [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? Ac˜O l˘Ã^ 

ÂEıÁXÀ ÂEıÁXÀ ◊[˝b„Ã^Ã[˝ CYÃ[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ ? Ac˜O l˘Ã̂  ÂÃ[˝ÁW˝ 

EıÃ[˝ÁÃ[˝ LXÓ ◊Eı [˝Ó[˝ÿöˆÁ %[˝_∂ëˆX EıÃ[˝Á c˜Ã^ ? 

   1 + 1 + 1 

A’) AEı◊ªRÙO %ÁV Ồ 20 kVA ÆœÙÁ≥aZıÃ[˝]Á„Ã[ Ã̋[˝ ]«FÓ E«ıâ¯_›Ã[˝ 

◊[˝\ˆ[˝ 2000 Â\ˆÁ∑RÙO * ]«FÓ C ÂGÏS E«ıâ¯_›Ã[˝ YÁEı 

aeFÓÁÃ[˝ %X«YÁTˆ 1 : 100 c˜„_ ÂGÏS E«ıâ¯_›Ã[˝ Y“[˝Ác˜]ÁyÁ 

EıTˆ ?  3 

ªRÙO) Ã[˝÷YÁÃ[˝ ]„W˝Ó 6 MHz Eı+Á„·¯Ã[˝ Tˆ◊QÕˆdªJ«Ù∂ëˆEı›Ã^ TˆÃ[˝„ÜÃ[˝ 

TˆÃ[˝ÜÍVHÔÓ C G◊Tˆ„[˝G ◊XSÔÃ^ EıÃ[˝”X * 

  W˝Ã[˝”X Ã[˝÷YÁÃ[˝ Âl˘‰y σ = 6 × 10 7Ω/m. 3 

Pˆ) AEı◊ªRÙO ◊[˝\ˆ[˝ =d„aÃ[˝ aÁ◊[ Ô̋Eı ÂÃ[˝ÁW˝ ( 100 + 50i ) Ω * 

[˝◊c˜f[˝Tˆ¤X›Ã[˝ aÁ◊[˝ÔEı ÂÃ[˝ÁW˝ EıTˆ c˜„_ [˝◊c˜f[˝Tˆ¤X›„Tˆ `◊N˛ 

l˘„Ã^Ã[˝ c˜ÁÃ[˝ a„[˝ÔÁ¨JÙ c˜„[˝ ? =dÂaÃ[˝ ◊[˝\ˆ[˝ 100 Â\ˆÁ∑RÙO 

c˜„_, `◊N˛ l˘„Ã Ã̂[˝ c˜Á„Ã[ Ã̋[˝ a„[ Ô̋Á¨JÙ ]ÁX EıTˆ ?  1 + 2 
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( English Version ) 

 

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

a) i) Prove that  0. =
∂
ρ∂

+∇
→→

t
J , where the 

symbols have their usual meanings. 

 ii) State Kirchhoff’s laws. 6 + 4 

b) i) Find the expression for the 

galvanometer current in an 

unbalanced Wheatstone bridge. 

 ii) Mention the factors which determine 

the sensitivity of the Wheatstone 

bridge. 7 + 3 

c) i) State Biot-Savart’s law. Apply the law 

to find the magnetic field at a distance 

d from the centre of a circular current 

carrying coil on its axis. 2 + 5 

 ii) Find the expression for the magnetic 

field at the centre of a square shaped 

current carrying conductor. 3 

d) i) Define coefficient of self-inductance. 

Find the expression for the coefficient 

of self-inductance of a long solenoid. 

   2 + 6 

 ii) Explain — A toroid can be considered 

as a solenoid of infinite length. 2 

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

a) Write Maxwell’s electromagnetic equations 

mentioning the meanings of the symbols 

used. Establish any one of these equations. 

   4 + 2 

b) What is meant by the energy density of an 

electromagnetic wave ? Find its expression. 

   1 + 5 

c) Two coils of negligible resistances are 

arranged in parallel. The coefficient of self- 
inductance of the coil are 1L  and  2L and 

their mutual inductance is M. Prove that 

the equivalent self-inductance of the 

combination is 
MLL

MLL
Leq 221

2
21

±+
−

= . 6 
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d) Find the expression for the rate of energy 

loss in an a.c. circuit. Hence prove that no 

energy is dissipated in an ideal inductor 

and an ideal capacitor. 4 + 1 + 1 

e) Find the expression for the total impedance 

of a parallel resonant circuit. Hence find 

the total impedance at resonance. Why the 

circuit is called a rejector circuit ? 3 + 2 + 1 

f) Prove that in an ideal capacitor the applied 

alternating voltage lags the current by 
2
π  

and in an ideal inductor the applied 

alternating voltage leads the current by 
2
π . 

   3 + 3 

g) Explain how a rotating magnetic field can 

be produced using two coils. 6 

h) Prove that in case of a thermocouple 

2

2.

dT

edT
ba =σ−σ , where the symbols have 

their usual meanings. 6 

i) What is meant by a magnetic circuit ? Give 

an example. What is magnetomotive force ? 

State the differences between an electric 

circuit and a magnetic circuit. 1 + 1 + 1 + 3 

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

a) Prove that in case of space charge, charge 

density 
→→

ρ= VJ , where the symbols have 

their usual meanings. 3 

b) In a cyclotron the protons have to be 

accelerated to a velocity of 3 × 10 8 cm/sec. 

The magnitude of the uniform magnetic flux 

density in the cyclotron is 1·5 Tesla. Find 

the radius of the cyclotron and the time 

period of the protons in the circular path. 3 

c) A piece of iron is subjected to a cycle of 

magnetisation at the rate 100 per second. 

The area of the B-H loop of iron is 5 × 10 3 J, 

density of iron = 7·7 × 10 3 kg/m 3  and its 

specific heat is 470 joule/kg. Find the rise 

of temperature of the piece of iron per 

minute. 3 

d) Describe an arrangement of inductors 

where the coupling coefficient is 0 or 1. 3 

e) What  is  meant  by  the  time  constant  of 

an L-R circuit ? When a switch is made off 

in an electric circuit an electric spark is 

produced. Explain why. 1 + 2 
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f) State the maximum power transfer theorem 

in an electric circuit. Prove the theorem in 

case of d.c. circuit. 1 + 2 

g) The potential difference across a wire of 

uniform cross-section of length l and radius 

r is V. It is carrying a current I. Find the 

magnitude and direction of the Pointing 

Vector. Prove that the rate of flow of 

energy/sec is VI. 1 + 1 + 1 

h) What is skin effect ? What is the reason for 

skin effect ? 1 + 2 

i) What is meant by eddy current loss in a 

transformer ? On what factors does it 

depend ? What measure is taken to 

minimise the loss ? 1 + 1 + 1 

j) In an ideal 20 kVA transformer the 

potential difference across the primary coil 

is 2000 V. The ratio of the number of turns 

of the primary and secondary coils is 

1 : 100. What is the current through the 

secondary coil ? 3 

k) Find the wavelength and velocity of an 

electromagnetic wave of frequency 6 MHz 

inside silver.  

 Given for silver σ = 6 × 10 7Ω/m. 3 

l) The impedance of a voltage source is 

( 100 + 50i ) Ω. What must be the 

impedance of the external circuit so that 

the rate of energy loss in the external 

circuit is maximum ? If the source voltage 

be 100 V what is the maximum rate of 

dissipation of energy ? 1 + 2 

    


