
MSCPH-01

December - Examination 2016

MSc (Previous) Physics Examination

Mathematical Physics and Classical Mechanics

J{UVr¶ ^m¡{VH$s VWm {Magå‘V ¶m§{ÌH$s

Paper - MSCPH-01
Time : 3 Hours ] [ Max. Marks :- 80
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{ZX}e : ¶h àíZ nÌ VrZ I§S>m| "A' "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ 
I§S> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& AmnH$mo {~Zm àmoJ«mq‘J 
dmbo Ho$bHw$boQ>a Ho$ Cn¶moJ H$s AZw‘{V h¡ naÝVw Ho$bHw$boQ>a Ho$ 
hñVm§VaU H$s AZw‘{V Zht h¡& àíZnÌ ewê$ H$aZo Ho$ nyd© àíZnÌ 
H$moS> d àíZnÌ erf©H$ Om±Mb|& {H$gr ^r {dg§JVVm H$s pñW{V ‘| 
A§Jo«Or ê$n hr ApÝV‘ hmoJm&
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 Section - A 8 × 2 = 16
Very Short Answer Type Questions (Compulsory)

Note: Answer all questions. As per the nature of the question 
you delimit your answer in one word, one sentence or 
maximum up to 30 words. Each question carries 2 marks.

 IÊS> - "A'
A{V bKw CÎma dmbo àíZ (A{Zdm¶©)

{ZX}e : g^r àíZm| H$m CÎma Xr{O¶o& Amn AnZo CÎma H$mo àíZmZwgma EH$ 
eãX, EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm§o ‘| n[agr{‘V H$[aE& àË¶oH$ 
àíZ 02 A§H$m| H$m h¡&

1) (i) What is the value of ( )
dx
d x 5H3 +# -

  ( )
dx
d x 5H3 +# - H$m ‘mZ ³¶m hmoJm?

 (ii) What is the value of Poisson bracket [b3, q]?
  nmoBgZ ~«o{H$Q> [b3, q] H$m ‘mZ ³¶m hmoJm?
 (iii) Lagrangian of a particle is given by 

  cosml r rL 2 2 2 2 2θ φ φ= + +o o_ i

  Find the generalized momentum pφ

  EH$ H$U H$m boJ«opÝOAZ {ZåZ {X¶m OmVm h¡
  cosml r rL 2 2 2 2 2θ φ φ= + +o o_ i

  ì¶mnH$ g§doJ pφ kmV H$s{OE&

 (iv) Evaluate the integral 
x
dx

1 2
1

0

1

+
y  correct to three decimal 

  places using Trapezoidal rule for given table.

x 0.0 0.5 1.0

x1 2
1
+

1.000 0.500 0.3333
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  Xr JB© gmaUr Ho$ {bE Q´>onoOmoB©S>b Ho$ {Z¶‘ go g‘mH$b 
x
dx

1 2
1

0

1

+
y  

H$m ‘mZ VrZ Xe‘bd ñWmZ VH$ kmV H$s{OE&

x 0.0 0.5 1.0

x1 2
1
+

1.000 0.500 0.3333

 (v) Find the laplace transform of (ekt – e–kt).
  ’$bZ (ekt – e–kt) H$m bmßbmg ê$nmÝVa kmV H$s{OE&

 (vi) Evaluate ( )p x dx2
1

1

-

y

  Here ( )p x2  is Legendre Polynomial.
  kmV H$s{OE&

  ( )p x dx2
1

1

-

y

  ¶hm±  {bJoÝS´> ~hþnX h¡&

 (vii) Write the Laplace equation for scalar function U.
  A{Xe ’$bZ U Ho$ {bE bmßbmg g‘rH$aU {b{IE&

 (viii)Find the fourier transform of f (t) if

  f ( ) 5t =  if 0 t b< <

  f ( ) 0t =  otherwise
  ’$bZ f (t) H$m ’w$[aAa énmÝVa kmV H$s{OE ¶{X
  f ( ) 5t =  ¶{X 0 t b< <  AÝ¶Wm
  f ( ) 0t =  
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 Section - B 4 × 8 = 32
Short Answer Questions

Note: Answer any four questions. Each answer should be given 
in 200 words. Each question carries 08 marks.

(IÊS> - ~)
bKw CÎma dmbo àíZ

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 08 A§H$m| H$m h¡&

2) By using Rodriguez formula for Hermite polynomial obtain 
H4(x).

 h{‘©Q> ~hþnX Ho$ {bE amo{S´>½O gyÌ H$m Cn¶moJ H$aVo hþE H4(x) kmV H$s{OE&

3) By using appropriate steps, state whether transformation

 Q = p cot q, log
sin

p
p
q

= f p is canonical or not canonical?

 C{MV nXm| H$m Cn¶moJ H$aVo hþE ~VmBE {H$ ê$nmÝVaU Q = p cot q, 

log
sin

p
p
q

= f p Ho$Zmo{ZH$b h¡ AWdm Zht?

4) (a) Find the Laplace transform of

  ( ) (1 4 )cosf t e 3 != +!-

 (b) Find the inverse Laplace transform of 

  
s

s s s2 3 3
4

2 3+ + +
* 4

 (A) {ZåZ ’$bZ H$m bmßbmg ê$nmÝVa kmV H$s{OE&
  ( ) (1 4 )cosf t e 3 != +!-
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 (~) {ZåZ ’$bZ H$m ì¶wËH«$‘ bmßbmg ê$nmÝVa kmV H$s{OE&

  
s

s s s2 3 3
4

2 3+ + +
* 4

5) Kinetic energy of a particle is K.E. = sin coseC 2 2 2 2θ θ θ θ+o o

 and potential energy is U = f sin θ. Here c, e, f are constants.
 Obtain the equation of motion using lagrangian.

 EH$ H$U H$s J{VO D$Om©  K.E. = sin coseC 2 2 2 2θ θ θ θ+o o

 VWm J{VO D$Om© U = f sin θ h¡, ¶hm c, e, f AMa h¡

 boJ«o{OAZ H$m Cn¶moJ H$aVo hþE J{V H$m g‘rH$aU kmV H$s{OE&

6) A particle is moving along x direction with kinetic energy.

 mx ax x bxx cx
2
1 2 2+ + +o o o o  and potential energy f    x.

 Here m, a, b, c, f are constants
 Find the Hamiltonian of the particle

 EH$ H$U x Aj Ho$ AZw{Xe J{VO D$Om©

 mx ax x bxx cx
2
1 2 2+ + +o o o o  VWm pñW{VO D$Om© f    x h¡&

 ¶hm m, a, b, c, f AMa h¡& H$U H$m ho{‘ëQ>mo{ZAZ kmV H$s{OE&

7) If 5 7,y x x3= + -  Calculate the values of y for x = –1, 0, 1, 2, 
3, 4, 5 and form the forward difference table.

 ¶{X 5 7,y x x3= + -  hmo Vmo x = –1, 0, 1, 2, 3, 4, 5 Ho$ {bE y Ho$ 
‘mZ H$s JUZm H$s{OE VWm AJ«mÝVa gmaUr ~VmBE&
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8) Using the Lagrange’s formula, find the form of the function 
given by the following table.

x 3 2 1 –1
y 3 12 15 –21

 boJ«oO gyÌ H$s ghm¶Vm go {ZåZ gmaUr go ’$bZ H$m én kmV H$amo&

x 3 2 1 –1
y 3 12 15 –21

9) Cyllndrical coordinates are x = r cos θ, y = r sin θ, z = z
 Using the square of the arc length element ,ds dx dy dz2 2 2 2= + +

obtain the metric tensor gij  in cylindrical coordinates.

 ~obZmH$ma {ZX}em§H$ x = r cos θ, y = r sin θ, z = z
 ¶hm§ Mmn bå~mB© Ho$ Ad¶d Ho$ dJ© ,ds dx dy dz2 2 2 2= + +  Ho$ Cn¶moJ 

go ‘r{Q´>H$ à{Xe gij H$m ‘mZ ~obZmH$ma {ZX}em§H$ ‘| kmV H$s{OE&

 Section - C 2 × 16 = 32
Long Answer Questions

Note: Answer any two questions. You have to delimit your each 
answer maximum up to 500 words. Each question carries 
16 marks.

(IÊS> - g)
XrK© CÎma dmbo àíZ

{ZX}e : {H$Ýht Xmo àíZm| Ho$ CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡&
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10) Find the Fourier transform of the function

   ( )

;

;

;

( )

( )f x

a
x

a
x

a x

x a

otherwise

1

1

0

0

0

< <

< <=

+

-

-
Z

[

\

]
]]

]
]]

 {ZåZ ’$bZ H$m ’w$éAa ê$nmÝVa kmV H$s{OE&

   ( )

;

;

;

( )

( )f x

a
x

a
x

a x

x a

otherwise

1

1

0

0

0

< <

< <=

+

-

-
Z

[

\

]
]]

]
]]

11) By using Newton Raphson’s method, find the root of 
10 0,x x4- - =  which is near to x 2=  corrects to three places 

of decimal.
 Ý¶yQ>Z ao’$gZ {d{Y Ûmam {ZåZ H$m ‘yb kmV H$s{OE 10 0x x4- - =  

Omo H$s ¶h ‘yb 2x =  Ho$ g‘rn h¡ VWm Xe‘bd Ho$ VrZ ñWmZm| VH$ 
kmV H$s{OE&

12) (a)  Use Simpson’s 
3
1  rule to evaluate ydx

0

16

y  from the following 
data.

x 0 2 4 6 8 10 12 14 16
y 0 4 7 9 12 15 14 8 3

 (b) Using Rodrigues’s formula, prove the following relation

   x
p p
5

2 33 3 1=
+

  Here P is Legendne polymonial.
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 (A) {gångZ Ho$ 
3
1  {Zg‘ go {ZåZ AmH$‹S>mo Ho$ {bE g‘mH$b ydx

0

16

y  
kmV H$amo&  

x 0 2 4 6 8 10 12 14 16
y 0 4 7 9 12 15 14 8 3

 (~) amo{S´>½¶w gyÌ H$s ghm¶Vm go {ZåZ gå~ÝY {gÕ H$amo&

  x
p p
5

2 33 3 1=
+

  ¶hm P {bJoÝS´>o ~hþnX h¡&

13) (a) Find the Laplace transform of the perfatic function

  ( )f t k
T
!=    for  0 < ±  <  T

  Here f f= ( )t( )x T+

 (b)  A bead slides on the wire. Which has the shape of cycloid 
as given below (0 )sinx a θ= -  and (1 )cosy a θ= +  and 
potential energy of bead is mgy. Obtain the lagrangian.

 (A) {ZåZ AmdV© ’$bZ H$m bmßbmg ê$nmÝVa kmV H$s{OE&

  ( )f t k
T
!=  Ohm 0 < ±  <  T

  ¶hm± f f= ( )t( )x T+
 (~) EH$ ‘ZH$m EH$ Vma na {’$gb ahm h¡ {OgH$s AmH¥${V MH«$O Ho$ ê$n 

‘| {ZåZmZwgma h¡
  (0 )sinx a θ= -  VWm (1 )cosy a θ= +

  ¶hm§ ‘ZHo$ H$s pñW{VO D$Om© mgy h¡ Vmo boJ«opÝOAZ àmá H$s{OE&


