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Y“U] Yy (1st Paper : Mathematical Methods in Physics) 
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  ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% 
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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) 
∧

ω+
∧

ω=
→

jtaitar sincos  a]›EıÃ[˝S◊ªRÙO 

◊Eı W˝Ã[˝„XÃ[˝ G◊Tˆ ◊X„V¤` Eı„Ã[˝ ?  

   ( Â^FÁ„X a A[˝e ω W –̋”[˝Eı ) 
t
r

d
d
→

 A[˝e 
2

2

d

d

t

r
→

 

◊XSÔÃ̂  Eı„Ã[˝ TˆÁ„VÃ[˝ ◊VEı ◊X„V¤̀  EıÃ[˝”X* 

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

0=ψ
→
∇×

→
∇ . 5 + 5 

 F) i) GÁ=„aÃ[˝ =YYÁVÓ [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ Y“]ÁS EıÃ[˝”X Â^ 

AEı◊ªRÙO %á˚„_Ã[˝ %ÁÃ^TˆX V c˜„_ 

    Vsr

s

3d. =
→→

∫  

   Ac˜O a]›EıÃ[˝S [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ ÂGÁ_„EıÃ[˝ %ÁÃ^Tˆ„XÃ[˝ 

a„Ü TˆÁÃ[˝ Tˆ_ Âl˘yZı„_Ã[˝ a+EÔı ◊XÃ[˝÷YS EıÃ[˝”X* 

  ii) 5x – 7y + 3z  =  8 a]Tˆ„_Ã[˝ _∂ëˆ %l˘ [˝Ã[˝Á[˝Ã[˝ 

AEıEı Â\ˆkÙÃ[˝◊ªRÙO ◊XÃ[˝÷YS EıÃ[˝”X* 6 + 4 

 G) i) ^◊V  
→→→

×ω= rv  c Ã̃̂  ( 
→
ω  = W˝–”[˝Eı ) Tˆ„[˝ 

ÂVFÁX ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×∇=ω
→→→
v

2
1 . 

  ii) xe
x
y

x

y x sin
d
d

2
d

d
2

2
=−  %[˝Eı_ 

a]›EıÃ[˝S◊ªRÙOÃ[˝ [˝ÓÁYEı a]ÁW˝ÁX ◊XSÔÃ̂  EıÃ[˝”X * 4 + 6 

 H) i) ]ÁX ◊XSÔÃ̂  EıÃ[˝”X  f 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
××+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
××

→→→→→→→→→
bacacbcba . 

  ii) Poisson-AÃ[˝ %Á[˝≥RÙO„XÃ[˝ Âl˘‰y ÂVFÁX Â^ 

   ∑
∞

=0

)(
n

nP = 1. 6 + 4 
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2. Â^ ÂEıÁX ◊TˆX◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX f 6 × 3 = 18 

Eı) Y“]ÁS EıÃ[˝”X  f 

  ⎟
⎠
⎞

⎜
⎝
⎛∇+−=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
∇

r
e

r
ek

r
e ikr

ikrikr 1222  

F) AEı◊ªRÙO ªK˜hıÁ„Eı V«[˝ÁÃ[˝ ÂZı_„_ V«◊ªRÙO VÁ„XÃ[˝ Â^ÁGZı_ 

9 c˜CÃ^ÁÃ[˝ aïˆÁ[˝ÓTˆÁ EıTˆ ? 

G) i) ÂEıÁXÀ `„T ¤̂ AEı◊ªRÙO Âïı_ÁÃ[˝ ϕ A[˝e Â\ˆkÙÃ[˝ 
→
f  ÂEı 

X›‰ªJÙÃ[˝ a+EÔı •ÁÃ[˝Á Â_FÁ aïˆ[˝ ? 

   
→→→→

∇ϕ=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ϕ∇ ff ..  3 

 ii) Â^ ÂEıÁX %◊W˝[˝„bÔ 53-◊ªRÙO ÂaÁ][˝ÁÃ[˝ c˜CÃ^ÁÃ[˝ 

aïˆÁ[˝XÁ EıTˆ ? 3 

H) AEı]Á◊≈yEı TˆÃ[˝Ü a]›EıÃ[˝„SÃ[˝ Ã[˝÷Y c˜_  

 
2

2

22

2 1

t

f

cx

f

∂

∂
=

∂

∂
 ;  ÂVFÁX Â^ AÃ[˝ aÁW˝ÁÃ[˝S a]›EıÃ[˝S  

f  =  f ( x ± ct ) ◊c˜aÁ„[˝ Â_FÁ ^ÁÃ̂  * 

I¯) EıÁ„Tˆ¤L›Ã^ ÿöˆÁXÁeEı ( x, y, z ) A[˝e ÂGÁ_›Ã^ ÿöˆÁXÁeEı 

( r, θ, ϕ ) [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ Y“]ÁS EıÃ[˝”X  

  
ϕ∂
∂

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
∂
∂

x
y

y
x . 

ªªJÙ) ◊X∂ô ◊_◊FTˆ %„Yl˘Eı„Eı Z«ı◊Ã[˝„Ã̂ Ã[˝ Ê`“◊SÃ[˝ aÁc˜Á„^Ó ◊[˝ÿô ̂ Tˆ 

EıÃ[˝”X f 

  f ( x )  =  
⎩
⎨
⎧

π<<π
<<π−

x
x

0,2/
0,0

 

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

Eı) 3
2

2
2 2

d
d

2
d

d
xy

x
y

x
x

y
x =+−  ( x > 0 ) 

 Ac Õ %[˝Eı_ a]›EıÃ[˝„S x = te  Ã[˝÷YÁ‹ôˆÃ[˝ [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ 

ÂVFÁX Â^ a]›EıÃ[˝S◊ªRÙO AEı◊ªRÙO ◊ÿöˆÃ[˝ ac˜G^«N˛ ÈÃ[˝◊FEı 

aÁW˝ÁÃ[˝S %[˝Eı_ a]›EıÃ[˝„S Ã[˝÷YÁ‹ôˆ◊Ã[˝Tˆ c˜Ã^ * 

F) AEı◊ªRÙO W˝ÁTˆ[˝ ÂGÁ_Eı„Eı q Tˆ◊QÕ̂TˆÁW˝ÁX •ÁÃ[˝Á %Á◊c˜Tˆ EıÃ[˝Á 

c˜_ * ÂGÁ_„EıÃ[˝ [˝ÓÁaÁW˝Ô a  c˜„_ ÂGÁ_„EıÃ[˝ [˝Ác˜O„Ã[˝ Tˆ◊QÕˆd 

◊[˝\ˆ[˝ EıTˆ ?  

G) 
→→→
cba ,,  A[˝e 

→
d  Â\ˆkÙÃ[˝ ªJÙÁÃ[˝◊ªRÙO a]Tˆ_›Ã^ c˜„_ Y“]ÁS 

EıÃ[˝”X Â^  0=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×

→→→→
dcba . 

H) α, β, γ W –̋”[˝Eı A[˝e 
∧∧∧→

γ+β+α= kzjyixa  c˜„_, 

Y“]ÁS EıÃ[˝”X  ara 2. =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∇

→→→
. 

I¯) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ →
×

→→
CBB . -AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X *  

ªJÙ) 
→
∇ ( ln r ) AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 

ªK˜) f ( x ) % «̂GΩ Y^ÔÁ[  ̋w¯ %„Yl˘Eı c˜„_  f l
( x ) ◊Eı 

W˝Ã[˝„XÃ[˝ %„Yl˘Eı ?  

L) ( 5x 2 + 3xy ) dx + (2x 2 + 2y ) dy = 0  

 %[˝Eı_ Ã[˝Á◊`◊ªRÙO ^UÁUÔ ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 
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( English Version ) 

 

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

 a) i) What type of motion is indicated by 

the equation  

   
∧

ω+
∧

ω=
→

jtaitar sincos ? 

   ( a, ω are constants ) Calculate  
t
r

d
d
→

 

and 
2

2

d

d

t

r
→

 and indicate their 

directions. 

  ii) Prove that  0=ψ
→
∇×

→
∇  using 

spherical polar coordinates. 5 + 5 

 b) i) If the volume of a given region is V 

then using Gauss’ theorem show that  

    Vsr

s

3d. =
→→

∫  

   Using this equation find the relation 

between the volume and surface area 

of a sphere. 

  ii) Evaluate the unit vector along the 

perpendicular of the plane  

   5x – 7y + 3z  =  8. 6 + 4 

 c) i) If  
→→→

×ω= rv  and  
→
ω  is a constant 

then show that ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×∇=ω
→→→
v

2
1 . 

  ii) Evaluate the generalised solution of 
the differential equation 

   xe
x
y

x

y x sin
d
d

2
d

d
2

2
=− . 4 + 6 

 d) i) Find the value of  

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
××+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
××

→→→→→→→→→
bacacbcba . 

  ii) In case of Poisson’s distribution show 

that   ∑
∞

=0

)(
n

nP = 1. 6 + 4 

2. Answer any three questions : 6 × 3 = 18 
a) Prove that :  

  ⎟
⎠
⎞

⎜
⎝
⎛∇+−=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
∇

r
e

r
ek

r
e ikr

ikrikr 1222  

b) A dice is thrown twice. What is the 
probability of getting a sum of 9 in two 
throws ? 

c) i) What is the condition that a scalar ϕ 

and a vector  
→
f  can be written as 

following ? 

   
→→→→

∇ϕ=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ϕ∇ ff ..  3 
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 ii) What is the probability that a leap 

year has 53 Mondays ? 3 

d) 
2

2

22

2 1

t

f

cx

f

∂

∂
=

∂

∂
  is an one-dimensional 

wave equation. Show that its general 

solution is of the form  f =  f ( x ± ct ). 

e) Using Cartesian co-ordinates ( x, y, z ) and 

Spherical polar co-ordinates ( r, θ, ϕ ) prove 

that  

  
ϕ∂
∂

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
∂
∂

x
y

y
x . 

f) Expand the following function in Fourier 

series : 

  f ( x )  =  
⎩
⎨
⎧

π<<π
<<π−

x
x

0,2/
0,0

 

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

a) In the differential equation  

 3
2

2
2 2

d
d

2
d

d
xy

x
y

x
x

y
x =+−  ( x > 0 ) using 

the transformation  x = te  show that the 

equation can be transformed to a linear 

differential equation with constant 

coefficients. 

b) A metallic sphere had been charged with 
charge q. If a is the radius of the sphere 
then calculate the electric potential outside 
the sphere. 

c) If  four  vectors  
→→→
cba ,,   and  

→
d   are  in   

a plane then show that  

0=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×

→→→→
dcba . 

d) If  
∧∧∧→

γ+β+α= kzjyixa , ( α, β, γ are 

constants ) then prove that   

 ara 2. =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∇

→→→
. 

e) Evaluate  ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ →
×

→→
CBB . . 

f) Evaluate  
→
∇ ( ln r ). 

g) If a periodic function  f ( x ) is odd then 

what type of function is  f l
( x ) ? 

h) Whether the following differential is exact ? 

 ( 5x 2 + 3xy ) dx + (2x 2 + 2y ) dy = 0. 

    
 


