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

◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016  

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

Y“U] Yy (1st Paper : Mathematical Methods in Physics) 
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) AEı◊ªRÙO [˝ÿô«ˆEıSÁÃ[˝ ÿöˆÁX Â\ˆkÙÃ[˝ c˜_ 

  
∧

ω+
∧

ω
→

= jtaitar 2sin2cos  

  [˝ÿô«ˆEıSÁÃ[˝ G◊TˆYU◊ªRÙO ◊EıÃ[˝Eı] ? 5 

 ii) ÂGÁ_›Ã^ ◊X„V¤`Tˆ‹óˆ [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ Y“]ÁS EıÃ[˝”X Â^, 

  0)(. =
→

×
→
∇

→
∇ B . 5 

F) i) ÂGÁ_›Ã̂  ◊X„V¤̀ Tˆ„‹ó̂  
x∂
∂

 -AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 

 ii) X›‰ªJÙÃ[˝ %[˝Eı_ Ã[˝Á◊`◊ªRÙO ^UÁUÔ ◊EıXÁ ◊[˝ªJÙÁÃ[˝ EıÃ[˝”X f 

  dϕ = ( x 2  – y ) dx + x dy. 

 iii) x = 0 ◊[˝≥V«„Tˆ X›‰ªJÙÃ[˝ %[˝Eı_ a]›EıÃ[˝S◊ªªRÙO ◊[˝◊`rÙ 

(singular) ◊EıXÁ ÂVF«X A[˝e ^◊V ◊[˝◊`rÙ c Ã̃^ 

Tˆ„[˝ TˆÁÃ[˝ ◊[˝◊`rÙTˆÁ ◊Eı W Ã̋[˝„XÃ[˝ TˆÁ ◊XSÔÃ^ EıÃ[˝”X * 

  06
d

d
2

2
3 =− y

x
yx . 3 + 3 + (3 + 1 ) 

G) i) u ªJÙÃ[˝Ã[˝Á◊`◊ªRÙO ^◊V ÂEı[˝_]Áy r-AÃ[˝ CYÃ[˝ ◊X\ˆ¤Ã[˝ 

Eı„Ã[˝ Tˆ„[˝ ÂVFÁX Â^ 

  
r
u

rr
uu d

d2
d
d

2

22 +=∇  . 5 

 ii) X›‰ªJÙÃ[˝ %[˝Eı_ a]›EıÃ[˝S◊ªRÙO ªJÙÃ[˝Ã[˝Á◊`Ã[˝ Y“◊TˆÿöˆÁYX›Ã^ 

Yà˘◊Tˆ„Tˆ a]ÁW˝ÁX EıÃ[˝”X f 

  0
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2
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∂

∂
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∂

∂
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v
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v  

  ÂVCÃ^Á %Á‰ªK˜ 

  v = 0, ^FX y = 0  A[˝e  y = 5   

  0vv = , ^FX x = 1  A[˝e 

  v ( – x,  y )  =  v ( x,  y ). 5 
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H) i) f ( x ) %„Yl˘Eı◊ªRÙO„Eı Fourier Ê “̀S›Ã[˝ aÁc˜Á„^Ó 

◊[˝ÿô ˆTˆ EıÃ[˝”X * 

  f ( x )  =  2x   ^FX  π≤≤π− x    

  Ac Õ ◊[˝ÿô ̂ ◊T Ã̂[˝ aÁc˜Á„^Ó ÂVFÁX Â^ 

  
6

1 2

2
1

π
=∑

∞

= nn

. 4 + 2 

 ii) AEı◊ªRÙO [˝ÿô«ˆEıSÁ  x = 2t 2 ,  y = t 2  – 4t  A[˝e 

z = 3t – 5 YU [˝Ã[˝Á[˝Ã[˝ ªªJÙ_‰ªK˜ * 

  
∧∧∧

+− kji 22  Â\ˆkÙ„Ã[˝Ã[˝ ◊VEı [˝Ã[˝Á[˝Ã[˝ 1=t -A 

[˝ÿô«̂ EıSÁÃ[˝ G◊Tˆ„[˝„GÃ[˝ =YÁe` ◊XSÔÃ̂  EıÃ[˝”X * 4 

I¯) i) 922 =+ yx   Â[˝_X A[˝e z = 0 A[˝e z = 2 

a]Tˆ_•Ã^ •ÁÃ[˝Á Â^ %Á[˝à˘ Tˆ_ c˜Ã^ TˆÁÃ[˝ ]„W˝Ó 

◊V„Ã^ 
∧∧∧→

++= kzyjyixyA 232  Â\ˆkÙÃ[˝ 

Âl˘‰yÃ[˝ Z¿ıÁj ◊XSÔÃ̂  EıÃ[˝”X * 6 

 ii) ÂVFÁX Â^  ...
4
5

3
4

2
32 +−+−  

  Ê “̀S›◊ªRÙO AEı◊ªRÙO oscillating Ê “̀S› * 4 

ªJÙ) i) a‹ôˆTˆ A[˝e %a‹ôˆTˆ %Á[˝≥RÙO„XÃ[˝ LXÓ E ( X )-AÃ[˝ 

aep˚Á ◊VX * 

 ii) ÂVFÁX Â^   

  var ( X ) = E ( X 2 ) – [ E ( X ) ] 2 . 

 iii) Maxwell’s-AÃ[˝ G◊Tˆ %Á[˝≥RÙOX a…‰yÃ[˝ Âl˘‰y 

var ( x ) ◊XSÔÃ^ EıÃ[˝”X * 2 + 4 + 4 

2. Â^ ÂEıÁX ◊TˆX◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX f 6 × 3 = 18 

Eı) ªJÙÃ[˝Ã[˝Á◊ Ã̀[˝ Y“◊TˆÿöˆÁYX›Ã^ Yà˘◊TˆÃ[˝ aÁc˜Á„^Ó X›‰ªJÙÃ[˝ %[˝Eı_ 

a]›EıÃ[˝S◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X f 

 
t
uh

x

u
∂
∂

=
∂

∂ 2
2

2
 ,  u = u ( x, t ) A[˝e  h = W˝–”[˝Eı* 

ÂVCÃ^Á %Á‰ªK˜  x = 0 A[˝e x = L c˜„_ u = 0 * 6 

F) Y“]ÁS EıÃ[˝”X Â^ 

  
∧∧∧→

+++= kzxjxizyA cos)sin(  

 AEı◊ªRÙO aeÃ[˝l˘› Â\ˆkÙÃ[˝ * Ac˜O Â\ˆkÙ„Ã[˝Ã[˝ ◊[˝\ˆ[˝ ◊XSÔÃ^ EıÃ[˝”X*  

   3 + 3 

G) i) Y“]ÁS EıÃ[˝”X Â^ aÁW˝ÁÃ[˝S H…SÔX Â\ˆkÙÃ[˝ XÃ^ ◊Eı‹ô«ˆ 

%S«Y◊Ã[˝]ÁS (infinitesimal) H…SÔX AEı◊ªRÙO 

Â\ˆkÙÃ[˝* 4 

 ii) 
→→→→

∇=∇ BA ..   c˜„_ a[˝ÔVÁc˜O ◊Eı 
→
A  = 

→
B  

c˜„[˝ ?  2 

H) a]ÁEı_ mS„EıÃ[˝ aÁc˜Á„^Ó X›‰ªJÙÃ[˝ %[˝Eı_ a]›EıÃ[˝S◊ªRÙOÃ[˝ 

a]ÁW˝ÁX EıÃ[˝”X : 

 ptERIt
IL sind

d
0=+ ( L, R, 0E , p W˝–”[˝Eı  )  6 

I¯) Gauss-AÃ[˝ =YYÁ„VÓÃ[˝ aÁc˜Á„^Ó %U[˝Á %XÓ\ˆÁ„[˝ Y“]ÁS 

EıÃ[˝”X f  

  π4d12 −=⎟
⎠
⎞⎜

⎝
⎛∇∫ vr

v

. 6 
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ªJÙ) YÃ[˝›l˘ÁGÁ„Ã[˝ ÂEıÁX ªK˜Áy AEı◊ªRÙO EıÁ‰ªJÙÃ[˝ Zı_„EıÃ[˝ ◊X∂oˆ◊_◊FTˆ 

ÈVHÔÓm◊_ ◊XSÔÃ̂  Eı„Ã[˝‰ªK˜ (cm AEı„Eı ) : 

 7·0, 6·9, 7·4, 7·0, 6·9, 7·2, 7·1, 6·7, 7·0, 6·8 

 YÃ[˝›l˘Á ◊XÃ[˝÷Y„SÃ[˝ Y“]ÁS y”◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X * 6 

3. Â^ ÂEıÁX ªJÙÁÃ[˝◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX f 3 × 4 = 12 

Eı) ÂVFÁX Â^, 

 P ( A + B ) = P ( A ) + P ( B ) – P ( AB ).  3 

F) )(.)(.
→→→→→→

×+× acbcba  Ã[˝Á◊`◊ªRÙOÃ[˝ ]ÁX ◊XSÔÃ̂  

EıÃ[˝”X * 3 

G) 
→
A  ÂYÁ_ÁÃ[˝ Â\ˆkÙÃ[˝ A[˝e 

→
B  %l˘›Ã̂  Â\ˆkÙÃ[˝ c˜„_ 

→→
× BA  

◊Eı W Ã̋[˝„XÃ[˝ Â\ˆkÙÃ[˝ ?  3 

H) f ( x )  AEı◊ªRÙO Y^ÔÁ[˝ w¯ %„Yl˘Eı ^ÁÃ[˝ Y^ÔÁÃ̂ EıÁ_ T * 

ÂVFÁX Â^  

  xxfxxf
Tb

b

Ta

a

d)(d)( ∫∫
++

= . 3 

I¯) f ( x ) = tan x  ÂEı ◊Eı Fourier Ê “̀S›Ã[˝ aÁc˜Á„^Ó Â_FÁ 

^ÁÃ̂  ?  3 

ªJÙ) ^◊V 3. =∇
→→
A  c˜Ã^ Tˆ„[˝ 

→
A -AÃ[˝ ]ÁX ◊X◊V¤rÙ XÃ^ * 3 

ªK˜) X›‰ªJÙÃ[˝ %[˝Eı_ a]›EıÃ[˝S◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X f 

 0d1d1 22 =−+− yxyxyx . 3 

L) ◊TˆX◊ªRÙO AEı ªRÙOÁEıÁÃ[˝ Eı„Ã̂ X„Eı AEıa„Ü ªRÙOa EıÃ[˝Á c˜_ * 

a[˝m◊_c˜O Âc˜Qˆ YQÕˆÁÃ[˝ aïˆÁ[˝ÓTˆÁ EıTˆ ?  3 



 3 EPH-I (UT-189/16) EPH-I (UT-189/16) 4 

B.Sc.-7055-B  [ P.T.O. B.Sc.-7055-B  

( English Version ) 

 

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

a) i) The position vector of a particle is 

given by 

  
∧

ω+
∧

ω
→

= jtaitar 2sin2cos  

  What is the trajectory of the particle ? 

   5 

 ii) Using spherical polar co-ordinates 

show that   

  0)(. =
→

×
→
∇

→
∇ B . 5 

b) i) Calculate 
x∂
∂

  in spherical polar     

co-ordinate system. 

 ii) Find whether the following dϕ is an 

exact differential. 

  dϕ = ( x 2  – y ) dx + x dy. 

 iii) Check the singularity of the following 

equation at x = 0 and state the type of 

the singularity.  

  06
d

d
2

2
3 =− y

x
yx . 3 + 3 + ( 3 + 1 ) 

c) i) If  u is a function of r only then show 

that  

  
r
u

rr
uu

d
d2

d
d

2

22 +=∇  . 5 

 ii) Solve the following equation by 

separation of variable method : 

  0
2

2

2

2
=

∂

∂
+

∂

∂

y

v

x

v  

  Given that   

  v = 0,   when  y = 0  and  y = 5 
  0vv =  when  x = 1  and 

  v ( – x,  y )  =  v ( x,  y ). 5 

d) i) Find the Fourier series expansion for 

the function  f ( x ) defined by 

  f ( x )  =  2x  ,  π≤≤π− x   and hence 

show that   

  
6

1 2

2
1

π
=∑

∞

= nn

. 4 + 2 

 ii) A particle moves along a curve  

  x = 2t 2 ,  y = t 2  – 4t and z = 3t – 5. 

Find the velocity component at  t = 1 

in the direction  
∧∧∧

+− kji 22 . 4 
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e) i) Find the flux of a vector field  

  
∧∧∧→

++= kzyjyixyA 232   through the 

closed surface formed by the cyllinder 
922 =+ yx  and planes z = 0 and 

z = 2. 6 
 ii) Show that 

  ...
4
5

3
4

2
32 +−+−  

  is an oscillating series. 4 
f) i) Define E ( X )  both for continuous 

and discrete distribution. 
 ii) Show that   

  var ( X ) = E ( X 2 ) – [ E ( X ) ] 2 . 
 iii) Calculate  var ( x ) for Maxwell’s 

velocity distribution. 2 + 4 + 4 
2. Answer any three questions : 6 × 3 = 18 

a) Solve the following differential equation 
using separation of variables technique : 

 
t
uh

x

u
∂
∂

=
∂

∂ 2
2

2
, where u = u ( x, t ) and h is a 

constant. Given that  u = 0  at  x = 0 and  
x = L.  6 

b) Prove that   

  
∧∧∧→

+++= kzxjxizyA cos)sin(  

 is a conservative vector. Find the 
corresponding potential. 3 + 3 

c) i) Prove that finite rotation cannot be 

represented as a vector but 

infinitesimal rotation can be 

represented as a vector. 4 

 ii) If  
→→→→

∇=∇ BA .. , does it mean that 
→
A  

always equal to 
→
B  ? 2 

d) Solve the following differential equation by 

finding a suitable integrating factor. 

 ptERIt
IL sind

d
0=+  

 ( L, R, 0E & p are all constants ) 6 

e) Prove by Gauss’ theorem or otherwise 

  π4d12 −=⎟
⎠
⎞⎜

⎝
⎛∇∫ vr

v

. 6 

f) In a Laboratory a student measures 

following lengths of a glass slab ( in cm ). 

 7·0, 6·9, 7·4, 7·0, 6·9, 7·2, 7·1, 6·7, 7·0, 6·8 

 Find the standard error of the 

measurement. 6 

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

a) Show that  

 P ( A + B ) = P ( A ) + P ( B ) – P ( AB ). 3 
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b) Evaluate  )(.)(.
→→→→→→

×+× acbcba . 3 

c) 
→
A  is a polar vector and 

→
B  is an axial 

vector. What is the nature of  
→→

× BA  ?  3 

d) f ( x )  is a periodic function with time 

period T. Show that  

  xxfxxf
Tb

b

Ta

a

d)(d)( ∫∫
++

= . 3 

e) Can  f ( x ) = tan x  be expanded in Fourier 

series ?  3 

f) Show that if  3. =∇
→→
A  then the vector     

→
A  is not unique.  3 

g) Solve the following differential equation : 

 0d1d1 22 =−+− yxyxyx . 3 

h) Three one rupee coins have been tossed up 

simultaneously. What is the probability 

that all the results show heads ?  3 

    
 


