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MSCPH-01
June - Examination 2019
MSc (Previous) Physics Examination
Mathematical Physics and Classical
Mechanics

ot vifadh T R Ty

Paper - MSCPH-01

Time : 3 Hours ] [ Max. Marks :- 80

Note: The question paper is divided into three sections A, B and C. Write
answers as per the given instructions. In case of any discrepancy, the
English version will be final for all purposes. Check your paper code
and paper title before starting the paper. You are allowed to use a
non-programmable calculator, however sharing of calculators is not
allowed.
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Section - A 8§x2=16
(Very Short Answer Questions)
Note:  Answer all questions. As per the nature of the question delimit

your answer in one word, one sentence or maximum up to 30
words. Each question carries 2 marks.
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(i)

T g1y T 3feehad 30 osci # IR Hifvw| g wed
2 3Tl & gl

Find the value of the poisson bracket [ p*, ¢ + 2 ]by writing all

main steps.
al 9e ugl @l forad 8¢ dige sfhe [ pt g+ 2] @1 7
ST R,

The Lagrangian of the particle is given by

L= %m (cos@ IP* + I* sin® ¢ sin® §*)

then find the generalized momentum p,

ot pur b1 IR L=%m(cos¢91292 + 1% sin? psin? ¢*)
ST 8 a1, 9B G py ST |

(ii1) A particle of mass m is moving under central force in a plane

and it position is given by polar coordinates (7, 0) and its
Lagrangian is given by L= %m 4+ 92) +V(r) Find the
cyclic coordinate.

Teh U TSTADT GH m @ I8 Daid 91 P JAeHia Teb el o
T R @7 & TUT g R gt FGerna (r, 0)gRT &
St & o AR L= Tm (2 + 207 + V() T R
ST g a1 Fehi et S |
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(iv) Find the Laplace transform of f(f) = %tz + %t + %
B f(1) = %rz + %z + % BT ATCART HYFR ST PR |
(v) Find the Fourier transform of f(¢)
_J6 if 0<t<b
J0)= {0 otherwise
Ha f() BT HRY HUCR ST B
_J6 if 0<z<b
J0= {0 otherwise
(vi) “Total angular momentum and total linear momentum of a

system of particles is zero in the centre of mass system.” Is this
statement true?

ot 3 FrerT % RTC gt YO T T et S
S g 1 H R BT &' | FRIT I P I ¢ P

(vii) Plot the Legendre polynomial P, (x) versus x.

forie §8U< P, (x) D! x & A1 FIBFT (Plot) &R

(viii)Evaluate the integral S (e* + 2)dx by Simpson's 1/3 rule

0

Here /=1 and
x 0 1 P 3 4
ot 42 472 | 939 | 2209 | 5660
4
RFTerT 3 1/3 % B & @t | (¢ +2)dx o1 A1 o1
P TR h=17 0
x 0 1 P 3 4
it | 3 472 | 939 | 2209 | 5660
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Section - B 4xX8=32
(Short Answer Questions)
Note:  Answer any four questions. Each answer should not exceed
200 words. Each question carries 8 marks.

Qus - §
(oTg TR U9A)
fAder: gl IR Ul & IR VI 3T U ITR Bl ey
200 vregi B gRAfIT HIfTTI U UT 8 3 T 2l

2) Evaluate S " _c:’x 5 using Simpson’s % rule by dividing the interval
X
[0, 1] into 6 equal parts.
1

Siwmﬁw%%mmm[o,l]aﬁw

d 1+ x?
6 9 forfoig o s a9
3
3) Check that whether the transformation Q = (% +2 ), P= <% +6 )

1S canonical or not. 5
Tg g oY P HUTRT Q=<%+2),P=(%+6>éﬂﬁﬁw
(3ig) & srerar el gl

= D3

)n+2r i

4) Using Jn(x)=r§) e find oo,
B J )= D C l)r%)mraa‘r?mﬁaﬂﬁ A7 )]
(%) ~ r!’m EQ de L (%)

Sickad
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1
Using Rodriguez's formula evaluate the value of the S

-1

[2x% P,(x)] dx

W (Rodiguez's) ¥ oI SUINT & N S[sz P,(x) ] dx @1

q ST B

1
1

Using Lagrangian equation find the time period of compound

pendulum.

fig <fleiep T SMTaciepTel iU FHIARU T ST R §Y ST

Gl

Find the Fourier Cosine transform of f(x) = )

IR PIGAT FI S P A 7 = )

Find the Laplace transform of the function f(#)=

Here 4 is constant.

S e BT AT BUTR STd BRI £(1) =

TGl h 3R Bl

X for
1—x for
0 for
X for
l—x for
[0 for
e —1

h
e —1

h

1
0<x<2
1
2<x<1
x>1
1

O<X<5

1
> <x<l1

x>1

Prove the A4,B' is invariant if A4, is covariant tensor and B’ is

contravariant tensor.

Ig g HINIT [ 4B F13R I8 8 afg 4, Fger (P1afkd) ufcar

dorr B’ PicrafNae ufeer 2|
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Section - C 2X16=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.

gus - 9
(e TR ¥ed)

fAder : gl @ U9l & SR SINITI 31T 399 IR Y 31frpad 500
grect o g Hif| U U9 16 3T & Bl

10) (i) The velocity V(km/min) with respect to time ¢ is shown in the
20

table. Estimate the distance S V' dtcovered in 20 minutes using

Simpson's 3/8 rule. 0

t 102 (4|6 |8 1012|1416 | 18|20
V|0 |10|18 25|29 (322011 |5 |2 |0

A9 ¢+ P ATI T V(km/min) BT 8 § IIRIT 7T & Ryrqa=
% 3/8% Fram & 20 e % 7 B 7 Q@ (v 1 -

0
(i1) Obtain the equation of motion for simple pendulum using

Hamilton’s equations. (8+8)
effeeT & AHiRuN Y AE™AT I NS odlel bl i T
YRR gTed HRU|
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11) (1) Using Rodrigues formula for Legendre polynomial P, (x)
Determine the final expression of following function.

Jx) = 6P (x) + 4P;(x)

forois agUG P, (x) & foTq ATSTH I T STANT = gQ 1
e & foTe 3ifcm &9t S Rl f(x) = 6P, (x) + 4P, (x)

(i) A body is moving with kinetic energy lim G2+ pr+ 22+ xy)
and potential energy ax”+ by?+cz®. Find the Lagrange's
equations of motion. Here m, a, b, c are constants.

U e RIS Sl L (824 524 2+ xy) TR IR
Sl ax?+ by? + cz>® AT TRT PR @ g A oS b T B
FHIBRUT ST BRI &l m, a, b, ¢ IR g

12) (i) Use second order Runge - Kutta method (midpoint method) to

d
solve the ordinary differential equation d_ﬁ = x + y, with initial

condition y(0) =2 in steps of 0.1.

fodlia PIfe B0 DCl (Runge - Kutta) (7&g 1%@) fafer grr
TR NThed FHIDRT B %:ﬁygaaﬂ‘naﬁo.l%

e ¥ UIfeyes o 1(0) =2 2l
(i1)) A body is oscillating with kinetic energy %M (r — a)* 6? and

potential energy —Mg(r — a) cos . Here M, g, r and a are
constant. Obtain the equation of motion for this body using
Lagrangian and also obtain the period of small oscillations.

T e TR STl 5 M(r — a)*0° TR fRuferet St
—Mg(r—a)cosﬁ%@ﬂwaﬂ@%; ?JE\TIM,g,rH?JTa
3R ¢ CTHRTI T U HRel §Y R T TTfeT FHIRUT TTe]
PRI AT 3T Glefl @ fof 3MTerciepret SI N |
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13. (i) Express H(x)=5x*+ 2x in terms of Hermite's polynomials
H,(x) and H,(x)

gftfc 98Ug @1 H, (x) TAT H,(x) D UG H H(x) = 5x> + 2x Bl
h DI

(ii) Find Laplace transform of sin’# and e sinw ¢

sin2¢ AAT e sinw ¢ BT AT HUTAR STTd BT
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