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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 

 ( BDP Term End Examination ) 

◊Qˆ„a∂ëˆÃ[˝, 2017 C L«X, 2018 (December-2017 & June-2018) 

B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

YVÁUÔ◊[˝VÓÁ ( Physics ) 
Y“U] Yy (1st Paper) 

Mathematical Methods in Physics : EPH-1 
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 

i) Eı) p-AÃ[˝ ]ÁX EıTˆ c˜„_  

  
∧∧∧→

++= kpjiA 23 ,  
∧∧∧→

++= kjiB 543   

A[˝e  
∧∧∧→

++= kjiC    Â\ˆkÙÃ[˝ ◊TˆX◊ªRÙO a]Tˆ_›Ã^ 

c˜„[˝ ? 4 

 F) 
∧→

=ϕ∇ rr 52   c˜„_ ϕ  AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X *  

 6 

ii) Eı) )(2 rln∇ AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 4 

 F) Y“]ÁS EıÃ[˝”X )(2 rf∇  = 
r
f

rr

f
d
d2

d

d
2

2
+ *  

f ( r )-AÃ[˝ ]ÁX EıTˆ c˜„_  0)(2 =∇ rf  c˜Ã^ ? 

   6 

iii) Eı) ªJ«Ù∂ëˆEı Âl˘‰y AEı◊ªRÙO %Á◊c˜Tˆ EıSÁÃ[˝ G◊TˆÃ[˝ 

a]›EıÃ[˝S◊ªRÙO c˜_  )(
d
d →→
→

×= Bv
m
e

t
v . 

  Â^FÁ„X  
→
B   AEı◊ªRÙO W˝–”[˝Eı Â\ˆkÙÃ[˝ * ÂVFÁX Â^ 

EıSÁ◊ªRÙOÃ[˝˝ V–”◊Tˆ A[˝e  ).(
→→
Bv  W˝–”[˝Eı * 6 

 F) 
∧∧→

+−+−+= jyxiyxA )635()452(   

c˜„_ ( 0, 0, 0 ), ( 2, 0, 0 ) A[˝e ( 3, 2, 0 ) 

•ÁÃ[˝Á Â[˝◊rÙTˆ ◊≈y\«ˆ„LÃ[˝ ªJÙÁÃ[˝YÁ„` 
→→

∫ rA d. - 

AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 4 

iv) Eı) V«◊ªRÙO YÃ[˝&Ã[˝ ÿëˆTˆ‹óˆ HªRÙOXÁ A A[˝e B AÃ[˝ LXÓ 

  P ( A ) = 0·68  A[˝e  P ( B ) = 0·38  c˜„_ 

  P ( A I  B ),  P ( A|B )  A[˝e  P ( B|A )-

AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 2 + 2 + 1 
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 F) TˆÁ„aÃ[˝ YÓÁ„Eı‰ªRÙO 52 ◊ªRÙO TˆÁ„aÃ[˝ ]„W˝Ó ÂU„Eı V«◊ªRÙO 

TˆÁa YÃ[˝YÃ[˝ T«ˆ„_ ◊X„_ AEı◊ªRÙO c˜OïıÁ[˝„XÃ[˝ ÊªRÙOhıÁ C 

%XÓ◊ªRÙO c˜Ã[˝Tˆ„XÃ[˝ ÂGÁ_Á] c˜CÃ^ÁÃ[˝ aïˆÁ[˝ÓTˆÁ EıTˆ ? 

V«◊ªRÙO TˆÁac˜O ÊªRÙOhıÁ c˜CÃ^ÁÃ[˝ aïˆÁ[˝ÓTˆÁ EıTˆ ? 2 + 3 

v) Eı) 
2

1
d
d

x

e
xx

y y
=+  a]›EıÃ[˝S◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X * 

 6 

 F) ^◊V   

 du = yyyxxxyx d)9(d)4( 2222 +−+++  

  c˜Ã^ Tˆ„[˝ ÂVFÁX Â^ du AEı◊ªRÙO ^UÁUÔ %[˝Eı_ *     

u-AÃ[˝ ]ÁX◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X * 2 + 2 

vi) Eı) EıÁ„Tˆ¤L›Ã^ ÿöˆÁXÁeEı ( x, y, z ) A[˝e Â]Ã[˝” 

ÿöˆÁXÁe„EıÃ[˝ ( r , θ , ϕ )  ]„W˝Ó a+„EÔıÃ[˝ [˝Ó[˝c˜ÁÃ[˝ 

Eı„Ã[˝ Y“]ÁS EıÃ[˝”X,  

  
ϕ∂
∂

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
∂
∂

x
y

y
x . 6 

 F) ◊X∂oˆ◊_◊FTˆ %„Yl˘Eı◊ªRÙO Fourier Ê`“◊SÃ[˝ aÁc˜Á„^Ó 

◊[˝ÿô ˆTˆ EıÃ[˝”X  f 4 

  f ( x )  =  
⎪⎩

⎪
⎨
⎧

π<<
π

<<π−

x

x

0,
2

0,0
 

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

i) Eı) 
∧∧∧

−+ kji 226   Â\ˆkÙÃ[˝◊ªRÙO„Eı 
∧∧∧

++ kji  

Â\ˆkÙ„Ã[˝Ã[˝ _∂ëˆ A[˝e a]Á‹ôˆÃ[˝Á_ =YÁe„` ◊[˝‰`¿◊bTˆ 

EıÃ[˝”X * 3 

 F) f ( x ) AEı◊ªRÙO ^«GΩ Y^ÔÁ[˝ w¯ %„Yl˘Eı c˜„_ ÂVFÁX 

Â^,  

  f  ( x )  =  +++ 4
4

2
20 xaxaa ... . 3 

ii) Eı) 
→
A  Â\ˆkÙÃ[˝◊ªRÙO aeÃ[˝l˘› XÃ^ * ◊Eı `„Tˆ¤ 

→
ψ A  

Â\ˆkÙÃ[˝◊ªRÙO  aeÃ[˝l˘› c˜„Tˆ YÁ„Ã[˝ ? 3 

 F) 432 2 =+ xyzy  Tˆ„_Ã[˝ ( 1, 1, 1 ) ◊[˝≥V«„Tˆ 

AEıEı _∂ëˆ Â\ˆkÙÃ[˝◊ªRÙO ◊XÃ[˝÷YS EıÃ[˝”X * 3 

iii) V ªRÕÙ [˝ÿô«ˆÃ[˝ G◊TˆÃ[˝ AEı◊ªRÙO ◊[˝„`b %[˝ÿöˆÁÃ^ X›‰ªJÙÃ[˝ ◊TˆX◊ªRÙO 

a]›EıÃ[˝S YÁCÃ^Á ^ÁÃ^ * 

  0)(
d

d
32

1 =ωω−+
ω

AC
t

A  

  0)(
d

d
13

2 =ωω−+
ω

CA
t

A  

  0
d

d 3 =
ω

t
C . 

 A A[˝e C  W˝–”[˝Eı c˜„_  1ω ,  2ω  A[˝e  3ω  ◊XÃ[˝÷YS 

EıÃ[˝”X * 6 
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iv) )2( 22 ∧∧∧→
++= kyxjxixyef z   Â\ˆkÙÃ[˝◊ªRÙO ◊Eı 

%XÁ[˝Tˆ¤X›Ã^ Â\ˆkÙÃ[˝ ? ^◊V c˜Ã^, Tˆ„[˝ Ac˜O Â\ˆkÙ„Ã[˝Ã[˝ ◊[˝\ˆ[˝◊ªRÙO 

◊XÃ[˝÷YS EıÃ[˝”X * 6 

v) Eı) Y“]ÁS EıÃ[˝”X 
→→

ϕ∇=ϕ rd.d  

 [ ϕ = ϕ ( x, y, z )  A[˝e  
∧∧∧→

++= kzjyixr  ] 

   3 

 F) =Y„Ã[˝Ã[˝ ◊XÃ[˝÷◊YTˆ a∂ëˆμ˘ ÂU„Eı  ϕ∇
→

-AÃ[˝ aep˚Á 

◊VX * 3 

vi) 
2

2

22

2 1

t

f

cx

f

∂

∂
=

∂

∂
  a]›EıÃ[˝S◊ªRÙO„Eı TˆÃ[˝Ü a]›EıÃ[˝S 

[˝_Á c˜Ã^ * ξ  = x + ct  A[˝e  η  = n – ct  W˝Ã[˝„_ 

ÂVFÁX Â^ a]›EıÃ[˝S◊ªRÙOÃ[˝ ÊªJÙc˜ÁÃ[˝Á c˜Ã^ 0
2

=
η∂ξ∂

∂ f
.  6 

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

i) 
→
a  AEı◊ªRÙO W˝–”[˝Eı Â\ˆkÙÃ[˝ c˜„_ ).(

→→→
∇ ar -AÃ[˝ ]ÁX 

◊XSÔÃ^ EıÃ[˝”X * 3 

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

ÂVFÁX Â^,  

  zzfxxf
Tb

b

Ta

a

d)(d)( ∫∫
++

= . 3 

iii) Â[˝_X›Ã^ ◊X„V¤`Tˆ„‹óˆ 
→→

×∇ A -AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 3 

iv) AEı◊ªRÙO %◊W˝[˝„bÔ 53 ◊ªRÙO [˝«W˝[˝ÁÃ[˝ c˜CÃ^ÁÃ[˝ aïˆÁ[˝ÓTˆÁ EıTˆ ? 3 

v) 0d1d1 22 =−+− yxyxyx    

 %[˝Eı_ a]›EıÃ[˝S◊ªRÙOÃ[˝ a]ÁW˝ÁX EıÃ[˝”X * 3 

vi) ÂEıÁX [˝ÿô«ˆÃ[˝ a«◊ÿöˆÃ[˝, %◊ÿöˆÃ[˝ A[˝e ◊XÃ[˝„Yl˘ aÁ]ÓÁ[˝ÿöˆÁ [˝_„Tˆ 

◊Eı Â[˝Á„MıX ? 3 

vii) A, B A[˝e C ◊TˆX◊ªRÙO HªRÙOXÁ YÃ[˝&Ã[˝ Y UEı c˜„_ ^◊V 

 P ( B ) = 
2
3  P ( A ) A[˝e  P ( C ) = 

3
1  P ( B ) c˜Ã^ 

Tˆ„[˝ P ( C )-AÃ[˝ ]ÁX EıTˆ c˜„[˝ ? 3 

viii) ( 
→→

∇ A. ) Ã[˝Á◊`◊ªRÙOÃ[˝ ]ÁX ÿöˆÁXÁ„·¯Ã[˝ =YÃ[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ XÁ *  

— =◊N˛◊ªRÙOÃ[˝ ^ÁUÁUÔÓ Y“]ÁS EıÃ[˝”X * 3 
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( English Version ) 
 
 

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

i) a) If  the three vectors   

  
∧∧∧→

++= kpjiA 23 ,  
∧∧∧→

++= kjiB 543   

&  
∧∧∧→

++= kjiC    are Coplaner then 

what is the value of p ? 4 

 b) Evaluate  ϕ  if  
∧→

=ϕ∇ rr 52 . 6 

ii) a) Calculate the value of  )(2 rln∇ . 4 

 b) Prove that  )(2 rf∇  =  
r
f

rr

f
d
d2

d

d
2

2
+ . 

What is the value of  f ( r ) if   

  0)(2 =∇ rf  ? 6 

iii) a) The equation of a charged particle in a 

magnetic field is given by the equation 

  )(
d
d →→
→

×= Bv
m
e

t
v . 

  [  
→
B  is a constant vector ]. 

  Show that the speed of the particle 

and  ).(
→→
Bv  are constant. 6 

 b) If  
∧∧→

+−+−+= jyxiyxA )635()452(  

then calculate  
→→

∫ rA d.   around 

the  triangle  with  vertices  ( 0, 0, 0 ), 

( 2, 0, 0 ) and ( 3, 2, 0 ). 4 

iv) a) If  A and B are two mutually 

independent events with P ( A ) = 0·68 

and  P ( B ) = 0·38 then find  

  P ( A I  B ),  P ( A|B )  and  P ( B|A ). 

   2 + 2 + 1 

 b) Two cards are drawn sequentially 

from a pack of 52 cards. What is the 

probability that one is ace of spade 

and the other is jack of hearts. What 

is the probability that both the cards 

are aces ? 2 + 3 

v) a) Solve the following equation : 

  
2

1
d
d

x

e
xx

y y
=+ . 6 
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 b) Show that   

 du = yyyxxxyx d)9(d)4( 2222 +−+++  

  is a perfect differential. Calculate the 

value of u. 2 + 2 

vi) a) Using the relation between the 

Cartesian and polar co-ordinates 

prove that  
ϕ∂
∂

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
∂
∂

x
y

y
x . 6 

 b) Expand the following function in 

Fourier series : 4 

  f ( x )  =  
⎪⎩

⎪
⎨
⎧

π<<
π

<<π−

x

x

0,
2

0,0
 

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

i) a) Resolve the vector  
∧∧∧

−+ kji 226  

along the parallel and perpendicular 

components of the vector  
∧∧∧

++ kji . 3 

 b) If  f ( x ) be an even periodic function 

then show that   

  f  ( x )  =  +++ 4
4

2
20 xaxaa ... . 3 

ii) a) The vector  
→
A  is non-conservative. 

What is the condition that the vector  
→

ψ A  would be conservative ? 3 

 b) Find the unit vector orthogonal to the 

surface  432 2 =+ xyzy  at the point 

( 1, 1, 1 ). 3 

iii) In a special situation of motion of a rigid 

body the following three equations have 

been obtained : 

  0)(
d

d
32

1 =ωω−+
ω

AC
t

A  

  0)(
d

d
13

2 =ωω−+
ω

CA
t

A  

  0
d

d 3 =
ω

t
C . 

 Calculate  1ω ,  2ω  and  3ω  if A and C are 

constants. 6 

iv) Whether the vector 

 )2( 22 ∧∧∧→
++= kyxjxixyef z    

 is irrotational ? If yes, then find the 

potential of the vector. 6 
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v) a) Prove that  
→→

ϕ∇=ϕ rd.d . 

 [ ϕ = ϕ ( x, y, z )  and  
∧∧∧→

++= kzjyixr  ] 

   3 

 b) Define  ϕ∇
→

 from the above relation. 3 

vi) The equation  
2

2

22

2 1

t

f

cx

f

∂

∂
=

∂

∂
  is known 

as wave equation. Show that the above 

equation can be transformed to  0
2

=
η∂ξ∂

∂ f
 

by taking  ξ  = x + ct  and  η  = n – ct. 6 

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

i) Calculate the value of  ).(
→→→

∇ ar   if  
→
a  is 

constant vector. 3 

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

period T. Show that 

  zzfxxf
Tb

b

Ta

a

d)(d)( ∫∫
++

= . 3 

iii) Find the value of  
→→

×∇ A   in cylindrical 

coordinates. 3 

iv) What would be the probability that there 

will be 53 Wednesdays in a leap-year. 3 

v) Solve the differential equation  

  0d1d1 22 =−+− yxyxyx . 3 

vi) What do you mean by stable, unstable and 

neutral equilibrium of a body ? 3 

vii) A, B and C are three mutually exclusive 

and exhaustive events. If P ( B ) = 
2
3  P ( A ),  

P ( C ) = 
3
1  P ( B ), then what is the value of  

P ( C ) ? 3 

viii) The expression  
→→

∇ A.   is a covariant 

quantity. Prove the correctness of the 

statement. 3 

    


