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Mechanics
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Note: The question paper is divided into three sections A, B and C.
Write answer as per the given instructions. Check Your paper
code and paper title before starting the paper. You are allowed
to use non-programmable scientific calculator, however sharing
of calculators is not allowed.
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Section - A 8§x2=16
Very Short Answer Type Questions (Compulsory)
Answer all questions. As per the nature of the question
delimit your answer in one word, one sentence or maximum
upto 30 words. Each question carries 2 marks.

ug - 3’

31T g IR gl ue (1Fard)

T el o IR S| 37U ITR Pl FATTAR Th 965, Teh
TRy AT 3ffereheH 30 Aeal H aRHAIHT HIRTUI Iden w9 &
37l T gl

Lagrangian of a free particle in spherical polar coordinates

is L= %m (#+ 76+, % sin’0). The quantity that is
conserved is
oL dL JdL oL
~ . . . . +
(@) 5, (b) % (c) 2 (d) 2
Teh gl PUT T AR Mef1d Fideras & g &,
L=%m(?2+r292+r2¢2sin29) Wi < e d

il

oL oL oL oL .
@5 0% @5 @St
For what value of the parameter o, the following
transformation is canonical?

0

Q=gcosa— psina
P=g¢gsina+ pcosa
WRAfIeR o & 6 A & foru e duiaRor elfeet it ?
Q=gcosa— psina
P=g¢gsina+ pcosa
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(i11) Find the Fourier transform of f(#)= k for O <¢ <a and
f(t)= 0, otherwise.
B f(H)=k TG O <t <a AT f(1)=0. SH Hed Dl
HRU HYR S B |

(iv) Find the Laplace transform of function f(f)= at’+ b’ + ¢
W f(f)=at’ + b’ + ¢ DI ATART BYFR ST DRI |

(v) Write the Bessel’s differential equation.

dRIeT & e FHIBRU BT o |
(vi) % (J,(x)) is, where J (x) is Bessel function

@ J@ 0 —J® (© Jx @ -

d
dx
g?
(@) J,(x) b)) —Jx) (© J{(X) (d) —J{(X)

(vit)How do the components of a contravariant tensor of the

(J,(x)) T S T EW, T, () R T $A et

second rank, A%, transform under coordinate transformation?
Write the law.
fetT dIfe & PircARIIT SR Ak P Teh DIFSTC BRI

P IR g TR BUINT BId &1 39 a9 a1 ford|

(viii)State trapezoid formula (trapezoid rule) for numerical

integration.

e sfeied & oy gusiised 93 ford|
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Section - B 4x8=32
(Short Answer Questions)
Note: Answer any four questions. Each answer should be given
in 200 words. Each question carries 8 marks.
(Tvs - 9)
(STERIcHSD U9 )
fAder: fohegl TR TeAl & IR Y| AMIDT T ITR DI 3TeHeH
200 ereqi H uRAHT HIRTGI TS T 8 3ihi T gl

2) Derive the Rodrigues’ formula for the Legender polynomials.

__1 d n
P (x)= me(xz— 1)
ooig! HfeT oot o [ IGRA b 3 P (x) = 2,11n' Z:,, =1
B Tfid AR '

3) Prove the relation related to Bessel functions.
J_)—T1 (x0)=2] n (x) and hence prove the relation

and hence prove the relation J O )=—1J,x

IRIST Thaed | Hefd = G99 Rig |

I =1 (0)=2] (x) 3 e Gee e o

21, ()=—1,(x)
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Find the Fourier transformer of the function F(t) shower in the

figure given below:

F(b)
A
N >
—Q +Q ©
=T ot 4 QU g e F(7) T RRU BURRIT i1 PR
AFW
N
1
= >t
eV Ta
The Lagrangian of a particle of mass m moving in one dimension
.2 2
is, L=¢e" %— kxT where a and k are positive constants.

Show that the equation of motion of the particle is

X+ o+ %xz 0

Ueh Ul FSTADHT GegHT ¢ e Ueh i i g1 ot &1 eRRfiTe
g, L=e" mT’f—l%z]aﬁw o TUT k GATHD TR 2|

Rig PR R BT Y TRY BT G 5+ 0k + o =0 B
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6) Show that the transformation Q= ./2¢g e® cos p
P=.,/2q e *sin p, is canonical.
g PIRTIT fb 7 BuTaRor Q=,/2¢ ¢ cos p
P=/2q ¢ “sin p, DA g

7) Solve harmonic oscillator problem by Hamilton-Jacobi method.

2ffieeT — Siopret fafer gRT IR 3iTad cifers & foTU g1 T |

8) Find a real root of the equation x ¢* — 1= 0 using

Newton-Raphson method, where e = 2.7182818.

FHIPRUT x " — 1= 0 DT aqRIeh ol - XA fdfer GRT =1
NI, STel e = 2.7182818.

9) Obtain the Lagrangian of a free particle in spherical polar
coordinates.

U% b I RIS i Mo et & ured o ford |

Section - C 2X16=32
(Long Answer Questions)

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

(s - 9)
(Sef IR o)
fAder: el QF UeAl & TR SIRTYI 1T 30 TR B 31fHaT 500
secl B gRAfIT HIfTTI U U9 16 37T A1 2|
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10) (i) Write the law of transformation of a contravariant tensor of
second rank under coordinate transformation. Also write
the law of transformation of covariant tensor of second

rank.
2
(ii) Find inverse Laplace transform of %
s
(iii) Show that the Fourier sine and cosine transforms of ¢
are
2w
w = —
gs( ) T 2+ az
2 _a
W = —
gc( ) T 2+ az

() focfla @ife & digafic SR o1 PIfddc SRR &
acfd M ford | ‘drafie o= (focfla aife) & forr oft
DI TR & id HUFaRul 1H ford |

2
(i) e % & ol goohd AT PUTR S |
S

(iii) RIg BRI b HeT ¢ BT BRY TAT TAT KT PISAT HUFR

= &
_2 _w
gS(W)— T 2+
_2 _a
gc(W)_ T 24
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11) (i) Find the Lagrangian for a system in which bob of simple
pendulum of mass m,, with a mass m, at the point of
support which can move on a horizontal line in the plane
in which m, moves (see figure). The system is placed in
a uniform grav1tat10nal field (acceleration g ), length of
massless string is / as shown in figure.

!

le— 90—y
| )

i t WQ

s

Show that the Lagrangian is

1

L= %(m1 + mz)x2+ —mz(lzd)2+ 20 cos § ) + m, gl cos ¢

(1) Let f(p,q,?) be some function of coordinates, momenta

and time. Show that its total time derivative 1s

df 9
%f[Hf]

oH 9f 9H 9/ \.
where [H, f]= ( - is
; 9p, 99, 99, Ip,

the Poisson bracket of the quantities H and f.
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() T Wl clleid aed T B Fefd  m, & a1 Rd
3o f87g R m, GHM &1 B0 &, A T Aol allerd,
fSRAchT TlTE [ ©, T RIS &I )| m, BT RN
fears &St YT & SR T R Feball g1 T U TRacd
&1 (R g ) Tl R

X \ﬁq“ )

SN

1
\
\
[ 1
'
\
! {

|
s

g P & oFRRRA 7 &

L= li(ml + mz)x2+ %mz(lzd)z"' 2lxd) COS¢>+ ngl c0s ¢

t
|
|' Mo

(i) M {6 B B f(p, ¢, £) FIT p, DIfSAC ¢, IAT 9 ¢
R AR = g1 Rig X 5 39 el &1 99g & A1y quf
rgder fore e & & S §;
df _of
E—§+[H,f]

o 9H of oH 9
SR W [H, f]1= ( -
/ Z dp, 9q, 99, Ip,

<Tf3 H e £ BT UIsel sidbe Ugf3fd avar g
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12) The Hermite equation is y" — 2xy'+ 2ny =0
(1) Show that an Hermite polynomial

2dn 2
e

H (0= (= 1e’
satisfies this equation,

(i) Show that H (x) can be expanded as

H (x)= (2x)" — n(n— )(2 e n(n— 1)(75 2)(n—3)

(ii1) Write H_(x), H, (x), H,(x), H, (x)

(iv) Show that the normalization integral is
= 2
S e’ Hi (x)dx=2"n!yn

gafse AHtawur f= & y'"'=2xy'+2ny=20
() g ™ fF gafse Ay

Zdn _2
"€

gHSC AHIRRUT Bl FISC PRal gl

H (x)=(—1)"¢"
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(i) Rig @1 fb H (x) @1 favar 75 g

H, ()= 0~ T g2y MOZ DO D0

(iif) H (x), H, (x), H, (x), H,(x) ®T AT ford |
(iv) Rig @ 5 IRAeReeE sfeua 7 &
-2
S e’ Hfl (x)dx=2"n!yn
13) Find the Laplace transform of the following function for (A)
(B) and (C) and inverse Laplace transform for part (D).

(A) f(¢)= sin at cosh b¢

. p
rty L 1e% ty=
you can use property {e sin 3 } (5— a)z n Bz
(B) f()=e * cos’t
you can use property L {e cos B¢ } = —cx
—a)’+p’

=

© -]l 3)

0 it <

wla w|a

. s+ s+1
(D) Find Inverse Laplace transform of —————
s
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TR (A), (B), (C), & foR ARt HUR T AR (D) & ford
QEhH AT DUTIR ST bl |

(A) HelT f(#) = sin at cash bt

3 L{e‘”sinBt}Z (_(XBW

(B) B f(f)=e ¥ cos’t

BT ST PN Fhd ¢

3 L{e‘”coth}— —oc

—o)’+p’

0 it <

. _T). ST

©) fin= sm(t 3),123
T

3

(D) He S+S7§+1 & foIY chd AT HUTCR ST )|
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