o, R oo
{ = gy . _pafate. thg&_ _dlffu 0

NM-103

- l’
\)@, S Reumd s U
AN VQ Senarate 116 threc dlmen51on°l wave. equahcn mto spac
P ~asing the mulhod ofscparatxon R va.r[able L/-f

L ad qul%rirf' 2’1dzﬂ R'hl@' w[lgaer‘t LS

: fseparatlon of ¥ S g 2 AR
F[‘qm w{lsml [‘cu‘t gémm abﬂ

- (l.))\ WWW -l (Elau :zubuzum 21

.
| e Write a notes on dlfferennal cquatlon: occumng

N2

- C ?lcll/OR ‘

' Fg/ 1 el i ug [?HL qmmm wﬂazeﬂ il 0 .\/
}}_{mo the Laplace e'luanon in vanous co- ordmate systems

A4 mu a'ﬂﬂlé‘lrﬂ fld ﬁl'a[l a1 aa qul

p—

dy T
/g/ o de? +_2xdx% o= 0
A ' %Jw' the followmg dlfferentta[ equation

-

n'using power series methoa :

\/—lw +2y=0 ST B

JJ{U.C{UOR
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M 2
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'l‘g :
SCﬂt NO- HE ey
NM-103. - ' . =
s ) Novemhcr-2013 ) y : '
b bt i) - '
: B Sec. (CBCS) (Semi. V) -
. : 301 Physus
“ime : 3 Jfours] i / (Max. Marks : 70
YA (1) v % uxrﬂ«u el Uil 6.
Instructions : All questlons cairy cqual markb
: @ sl 2l walid MQLL[?:L‘:L 1 ¢
: S}mbols nave lhelr usu meamng -
> Ay SEie (w\ Nlﬂfswm s3afu qmug[‘ml Rieuwd 531, 7
- . \\_/@ Se Pal ate Hulmholu s cqumon n Cartesmn co- ordmate system.
= s S T g s HAAVOR S
g~ LJ‘ U lqwu%ifﬂ il Bmf%tﬁzls dzal H‘{BQQH 20512 am UMY 'Q‘PC 1‘:9
eV DT jﬁ’(’r o A
e and ume part. L——\j(.s() (ﬂ&L

and tlme part usmg thc muthcd L,/

P.T.0-

A

r 4

&



) QA Rsa w{lg,qqml'su'd el 6121 Gha Qvlc& : - 2 :
o §l+(x_x2)y 0 7& wwus . - : L sk
\/ Soh'e thc following d.ffmemrﬂ‘emra‘(Wg pOwcr series rr*thod

L/‘\/ 5+ (7& 2) y = O whcre ~ m constant

qAd :3{1[152@1% Mquzuﬁ z‘ldtﬂ G&cﬂ sSrﬁﬁma wﬂsm (indicial cquatxon) o 53 0
Aaal. ot a2 22l .

e i e 7

~d

Solve Bessel’s equation by the method of l“rcmcmus Obtam mdmal Pquat.t-:z.
@//\/_)nacucc both cases.

4 - MYWOR T
wz-ﬂ 1 (Wronsmn) l Heaaﬂ v{M wilel lqm w521l lgc{lq 63 : i |
Ulql A ~.:-v._~. Gl ¥ afi 3 e Jees : ) }— 4
N dz. dy . %g ——; j
L‘/i(?:l) %2 ji-_,+t—1;+\:21;0‘ ) )

/s
\\/romklon obtam the seu.ond solullon ofgw en d1ftcrent1al eguatlo
Ugidl ueedl el byt W2 @R ald

“derve- Tagrange’s-¢quation of motion S .-

8

‘ '_7:' ".~"Wgae5«uv[3wmw[?{6%{1 m[uz@t Hulcﬂ S T | 5 ”

: Obtain expression for kin€tic encrgv in case ofdoublc pendulum \ Q ,
TR e used w2 slellu v A a6 A Nl - g
1 %’Z-,thain ah exrression for angular momentum nd kinetic energy of a rigid body.
. WAWOR - - e
\@\mu M2 o gar . 2t «tlﬂﬁm H4ai.
: T dT . -
~"...' \O/% WN. "T‘—{qq 110[({1 o :
T ~»Obtaip Buler’s equation ufmotlon for arigid body. Obtam the rclanon
. " . \0/‘—:- == _.Q_E L, . . N . 5 ) .
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Secat No. :

N13-117

November-2014
B.Sc., Sem.-V
301 : Physics

Time : 3 Hours] [Max. Marks : 70

i

() densieed KRR V2 + Ru(r) = 04 ydly (Polar) i ugh (r, 0) 4 %5 wsl. 5

»yq
: drart AW V2 4(7) = 04 s150u ws
(b) AL W AR AR w530
__)
. 6\1’( T, t) _ h_z - NN
h— =5 V2y(r, )+ VTy(r, 1)

\

1ol wn wglami g el
Y

dazoL yHlsrel

_1_ azu[ )

T, 1
> 2, 0
2 PYa Veu(r, )

A U1 (Cylindrical) AH YgHi o5 Wal.

alani og wsl.

2. (a) e W,
2
(1- 2)%%—&%% +I(+1)y=0,% /=4 yals,
e S MR b2 froyar WiSke wldl v RroyaidldHl usiz sl s 7
& YAl
P IRCREE | PEYR

2
xz%xzz +x%§' + (x2 -m?)y =0,

Y2 Ad vid? 2udal Bg WA RoyetA- sk 18l s3).
(b) udd [isa willsel,
d2
Al WSl (uar FR) G3a dadl.
s 2l
ARG (Wronskian) -l GudldL 304 20le Rise wdlse
o d? dy
PG E g+ -1y =0
0 A Gkedudl

P
]
A

- P.T.O.
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(b)

(b)

5. s
6y
@)

€)
(4)
©)

(6)

(7)
®)
©)
(10)
(11)

s (12)

1 (13)
(14

NI 1T

N R RS IS Rl i L A emsiniemtnz e

Q@ Bugidd Gulal 3 slopddla eldiqllls d ERCIPIRC S]]
Al w152l Haal.

Yl :
Red doda dani AR sl Redoula sa 2 4o 2Rl Ralamiig
wlsze Haal, '
%8 el WS yerel kL aHlsel Hadl, 5

UL |

Al 42adl 24 (Top) 0l 25 3ysd Akt wHAdl 2l o), ©) O STER]

N

a{ls2el daal.

A5 Rl . wuad ol sdi dlas wd wudaud wdlseer avil. ¥
wllsze Gl detl puSoq [RAAl A 2ol el Hadl. 8
YL

Brnadl dsti ARt s2di 52 W2 Brrnadl ol wllsel daal, dan 2 58 }

w2 ¢ (1) 3ruell A, (i) 3l widd ¥idd, (i) s<22ul, dd Brwiadl a2

(ady Haal.

UR1AL S1R8 HEIRR AUl 6
2

A2 (Ladder) 51251 12 lid 521 3,

(@Y™ ug, (@) ug) =n! 8, w4l m>n.

et Il : 14

ay W2 Ry (diffasion) U581 @il

p(?) Bedl [gdetr addl drddl (g Wil Rad [agaRaliund auair s2q
W (Poisson) uHlsreL @vil.

Rlly su-u 3l [sa wdlser e WEAR W2 awvalid s

QRuedells am uglani V2 5124 avil.

dla sud 2ulla [Risa wlseel cwvaifid s

Cot

2

(s wdlsel »? j—x% + x %xx + (k2 - i)y =0 el Gl wq
.

Roll »tls Bsn ved ¢ ?

ASsls il vaid s

oely (Spherical) elas 9 ¢S ?

yar (Buler) -l A3 [ avil.

avd at A AR SR8l W e s B2

uy (p) 1L (34 a4l
wy (p) 1L (3 .
slell dorir-u ol 51

c

Scanned by CamScanner



Seat No. :

N13-117

November-2014
B.Sc., Sem.-V
301 : Physics

Timé : 3 Hours] - [Max. Marks : 70

1. (a) Separate the Helmholtz equation [V + KJu(t) = 0 in two dimensions in polar
coordinates (r, 0).

7R OR
Separate the Laplace equation V2 u(?) = () in to Cartesian coordinates.
(b) Separate the equation time dependent Schrodinger equation. 9

V(L ¢ K2 =
in art‘ ) =—5m V2 w(7, £+ V(E)W(T, 1)

completely into spherical coordinates.
OR
Separate the wave equationy/”

1 &z, 1)
cz o2
completely into cylindrical coordinates.

5

=V2u(t, )

2. (a) Find the finite singular point of the differential equation,
d¥y d
1- 2) i 2x =y [ (I+ 1)y =0, where / = positive integer,

and determine the nature of singularity. 7
OR
Check the nature of singularity of equation
d dy
for the point at infinity.

(b) Find the power series solution of the differential equation,
i q2 .
I@X —-xy=0. A 7
: . OR
- Using the method of Wronskian, solve the equation

+ (*-m?y =0,

dy
"-f"’zdxz +xg + (@@= 1y=0.

’:;'__N13 U7 7 3 P.T.O.

L i ‘*“ '“- U= s ar T ,‘—4
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' i tem
i Jonomic sys
i - rvative ho
Derive Lagrange’s equations of motion for a conse
c- . .
using D*Alembert’s principle.
OR

i d particle
i 5 for a charge
Obtain an expression for the velocity dependent potential
moving in an electromagnetic field.

(b)  Derive Euler’s cquation’s of motion for a rigid body.
OR : d obtain
. tion an
Discuss the motion of a symmetric top performing torque-free mo
‘expressions for ®, ©, and ,.
. . . ; . Hence
4. (a) Write the cigen value equation for one dimensional harmonic oscillator, H
solve it to obtain its eigen functions and cigen values,
OR :
Obtain the radial wave equation for a particle moving in central potent.lal ch}cle
explain the behaviour of the radial wave function of the particle : (i) near the
origin, (ii) in the asymptotic region, (iii) in the s-state.
(b)  Write note on Parity operator.
OR . '
— For the ladder Operators, prove that
y; (@Y™ uy, (a*yr U) =n!d__ form> .
5. Answerin short :
(1)  Write difmsion-equation for gas,
(2)  Write Poisson cquation satisfied by the electrostatic potential at 4 Point where
the electric charge density is p(r)
3) Define ordinary point of the second ordered linear differentia] €quation,
() Whatis the operator form for V2 j, Pparabolic coordinateg 9
-(5) Define the Second ordered linear differentia) €quation,
: . . d?
-(6) The two roots of the differentia] €quation x2 Ix% + x A& T (2= %)y =0 are
and '
\
(7)  What do yoy mean by degees of freedom 9
(8) Define 5 cyclic coordinate.
(9) Whatis spherical pendulum 9
(10) Write the Statement of Eulers theorem,
(11) Why a ang 4+ are called ladder Operators 9
(12) Evaluate uy (p):
(13) Evaluate u, (p),
(14) The operator for square of angular momentyn, i5
: —_ .
x

9
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S ~Seat No.::
B, sl A S 7 TR_101
;o \'Tc'ra'ﬁ\’\_ - F‘{B JO]_
e e "~ December-2015
B.Sc., Sem.-Y
o ’ Core Course-301 : Physics
Time ; 3 Hours] ] Y . [Max. Marks :70
. (a) Thetime dependent Schrédinger equation is given by : . e 8
N A = a J 2 t . I 2 -
o v 1h _g_(r__)__ -5 \/2\;/(? t) + V( r’)\u (?, t)
ct 2m ) ,
Separate it m(o space and tunc parts. / ) o : o/ /(.
o AR OR A . GhEY
,‘ \.-@Scpamte the Hé]mnoltz equation [VZ + kz]Lr/?) 0 int¢ parabolic coordmates _ N (L
k % ‘Z e -
</ ()" Separate the La,}laa’ wunhon \7%(1) 0 in to cylingiical coordinates. 6 ._aj =
i GR . 2
(b)" Separate the equation [V2 + k2Ju(T) + za(T) ~¢nfo cartesian coordinates. ‘t’
: : g2 dv _ B )
2 () Folve‘he differential (T\jU(!.i'iOil. ﬁ _%XJr 2uiy =0, v.hiere 1n = jntcger. ' QB\_, /Q\;
- T urieetie s Iacidchct 01{ - (—"\ j (D

.\/o' (a) Solveﬂ{e dlfferentlal equat_;hon de—x%Jr ‘—X -+ (,\ - m2)y
v

mdependent solutlons u<m0 thé Froberius =f=r’es method.

(b) Find IhP ﬁmtc amgular pomt o*'the dlffo entlal cauutlon

: = a2 d T
el B2 : —X o (1 EZ * UY 0, (Where n is mfef’ﬁr) and determine the nature of <

=0, to get two linearly

.‘c\

: s,mgu]amy. ey ' T
D ~ B o

o, (b) One solution ofthe dltferenUal equatxon x2 d—r)zi o xgl +x%y =01s Jo(x) Obtain
L

the sccond mdependent solution using method of Wronskian.

355 (3) Exp;ain 5o g -
‘(1) Holonomic and Non-Holcnomic constiaints, uI]d ~ Dl IV
\2)  Scleronomous and Rheonomous constraints o i
- OR. Yoy V. et ]

P.T.Q.

F A 3 it o Yoy s AW R R e Seael® s
A L & o R F U SRR o Bl ey S0 GO SN SN . .
W T e e T e T e L e T T BT e R T hi e, §
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|

(a) What 1S sphcncﬂ pendulum 2 Obtain the cquation of motion and total energy
X .

for a spheric al pendulum. - _ I q . i ) e
@Explam the moment ofmutm tensor. T . _ $.1
' OR SN
‘ )Yr-
«=(b)> Obtain an cxpression for tbc kmetlc cncrgy of arigid body
4. O(a)- Write the eigen value equallon Tor one dlmcnsxoml sunplc lharnmonic oscillator: o
~ " Hence solve it to obtain ! its eigen functions ¢ 'md eigen values M e

OR

rnialized eigen states of simple harmonic oscillator

y‘fu (p) and U (p) are nO states of !
then prove wat (u,(P)s u“u))) = bmn : / : . .
‘ 6

~kb) Write note on parity operator- - :
o ' : ‘ g
B ’ R L 143 CS\ )
\:/(b / Explain, why 2 and a* are cqlled Jadder operators. - . /DQ .
R S T | ol
5 Answer in short: ' - U‘O)Bk/ ' 14
) g :
. Write the dltfusmn equation ferage " Cving gas densxty n( r,t).

2) Wnte Poisson equatlon satisfied by the elecﬁmtanc\ potentml at a pomt where
./ P

the electric charge = asity is (= 5y, - ek

B3 Wiite the vavn equzmon f&r Waye: ‘DroCCudan along _dijection with veiocity

Ao R R BN -

: - = /9: e b i G s ETANE

M. The value of \ ronskmn (%&y = ¢ and y, = €7 Lis WV Jz} = .

LS)' If the two roots a,‘ and oLy- .of md1clal cquanon d\ffex by an mteger,'th’éﬁ thé
cecond order linear dlffercnn al. eqrr2tion has t“ > hnear.y mdependentéolut’ions
of the form: yl(x) / and yl(x) = At B

KeY - Defme Smgular pomt of second order hncar d\fferentlal equatlon L o
\/ﬁ) -x=-01is thé{\@@m pomt of the dxfferennal equcmon v+ 2xy + 2y (‘
\/(8) Write the statement of Eulef S theorem for the motlon ofa rlgrd hody N t(,\’T

What do you mean by virtual dlSplacement ? ﬂ:

(10) ‘State the prmmplc of v1rtua1 work. i Sl et
(11 Write the radial wave equauo n for a parhc;e movmg in- central potenual

(12) Write the operator for L2 in spherical polar coordinates. M ( Y O \p)
\ (}3) Thr sinen-stale b, of Judder op‘.rut I 12\'1 terms of stationary states U, (p) oF:
harmonic oscﬂlutor IS, € \\gcgﬁ ,

2 c
(14) Draw thc polar dmgmm onF '(ij (3 cos? e 1)‘. =S
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, o Beat No. :
T , November-2016
' B.Sc., Sem.-V
/ CC-301 : Physics -
’ [Mathematic kPhy ice, Classical Mechamcs, Qua.n.t,um{Mechanlcs]
Time: 3 Houfs] . [Max. Marks : 70
" Instructmns : (1) All questions carry equal marks.

(2) Symbols have their usual meaning.

1. /@ Write a notes on differential equations occurring in different branches of physics
\e - o ) a4 .
-~ with example. ()f ¢
OR
Using the method of separation of variables, separate the (1) diffusion equation, ©
i \/ (2) three d1mensxonal wave Pquahon in space and time axis.
) The. Schrodmger equatlon for a partlcle in a coulomb ﬂe‘d has the form
- (VZ +K? ﬂE@_ 0, where K2 and A are constants. Suppose y(T) does not
, ( depend on the angle o, separate the equation in parabollc coordmates ’ 7
: - S S i i oR )

Write the time mdependent Schrodinger equation for a three dimensional

O
\/ harmonic oscillator. In sphencal polar coordmates \u(r) = R(r) Y (0, ¢), obtain

the equation satlsﬁed by the rad1a1 part R(r)

2. @ ' Obfcaiﬁ two linearly independent sclutions of the following equation : 7

- xy =0 (Airy gquation) -

e

OR

g3 e P.T.O..

T

L

|
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Find one solution -of the followmg dxffercntlal equatlon by the method of =~ R

Frobenius : yeriii 164 :
-9 . . IS o

5 RSN ST

J‘d.x'z‘%(c_'\) d.\'—ay~0 B

: " (b) Discuss alternative method_ for getting “the second "sqlution and solve the»

dz o :~-_C/\

differential equation, \'é:% +y=0. v : 7

OR

Systems of linear, first order equations with constant coefficients are,

dx

1 oI5
It S5x + 4x_2
dx, 2
_d—t__='__x1 +x2.

Obtain second independent linear solution of given equations.

3. (a)_- With the help of D’ Alembert s principle denve Lagrange’s equatlon of motion for

e
/ co*lservatlve holonomic system. .~ 7 ’X‘ . : 7

OR" _ o @

‘Obtain Lagranglan functlon L for spherical pendulum Show that correspondmg

momentum is conserved 1f variable ¢ is 1gnorable - (“ : !
(b) Obtain componenis of the angular momenta of a rigid body and show L = ?,W | 7
- e v '
2 S )
OR
© " Obtain Euler’s equations of motion or a rigid body. Obtain relation wn=4T i
Cheh gl A L ok 4
- torque acting on rigid vody is zero. _© " ¢ =
. f
6 5 ’
2 e :_‘1'? i ‘T= T
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et

R ,(:)/W'te series solution of differential equation, V" %—»_Zp\{" + _(7»':,—,_1),‘/ =0 for simple _

Py ‘i_ - . ..,~ ;‘ g ’ 122
e e ' : : P T e 1
harmonic oscillator. Obtain the energy eigen functions: a(x) = Npe
Hom), (1=0,1,2.0). ¥t Foaty 7

- OR

~ Explain: SRS - L TR

\ﬂ)- The Ladder operators . R e
\/Q) The Eigenvalue spectrum

g

._ (b) Starting with equation : _ - | ‘_ T
| . s dk T | dk R :
a Gl ¢ ) g2 (im| + D)W - gy + K 1+‘.1)— Im| (lm|.+ DIk=0 .
Obtain' an expression for spherical h-armo'nics Y (6, ¢) for L? operator
: [Hint : (D(q)) =—1—;:"“¢] ¥
,OR
Explain parity égeratop and show that for all y, PL, = L,P.
: 5.  Answerin short: [Eéch quegtion is of 1 markj . - 14
(D Write ségle fa“ctor's h;, by a_f\d h; fo-r- parab-ol?c coordipates.
' (2) ' Wnte ekpréssi"on‘s -of v, v and ¢ for prolate sph-eroihdal coordinates.
3) Write -Qrdina'ry’differential equations of cylind;igal coordinates z and ®.
@ 7Déﬁne Qrdvipa_i_)r_y_pigi‘nkt and singular point.

=

[
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/
(5) Define regu‘lgr singular point and 1rregularsmgularpomt ¥ " _ ‘
- (6) Write B_esséi’é equation.-. :” | LR » : : ) ) —“‘m‘
(7)- beﬁne Wronskian. 3 L sk
(8) Write equétions 6f corjstrainfs for snmplt:peqdulum nioving in ,xyfplane. g
9) 'Deﬁ‘r;e virtual d{splécgéﬁient. 2 —
(10) ﬁeﬁne :\c.yc_l‘ic.; ;:OOfdi;ates.
(11) étate _(ﬁ;};‘s]ésf theoram. -
(12) W'ri'te‘Nom'x of wavefungtion u in spherical pélar cc;ordinates.
( 13) Write expression for émf.'rgy eigen values E_of the simpie harrﬁonic oécillatorf‘ . , i & -

(14) Write the gener'ating. function G'(p, €) of the Hermite polynomials. |

; _,;:_-';1,_' A T

MB;uj “ : . bl T Ty
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Seat No.lf 2 47 /

NK-105

November-2017
B.Sc., Sem.-V
CC-301 : Physics

Time : 3 Hours] [Max. Marks : 70

_‘.structions : (1) All questions carry equal marks.
(2)  Symbols have their usual meaning.

. . : V)
l. (a) Separate Helmholtz’s equation in the Cartesian co-ordinate system. — B W
OR
Separate Helmholtz’s equation in the Cylindrical co-ordinate system.

(b) Separate the three dimensional wave equation into space and time part using the

method of separation of variable. L3 7
OR
Separate the diffusion equation into the space and time part using the method of
separation of variable, ’2, w13
/
' (a) Solve the following differential equation using the power series method : K
dr2+2xl+2y 0z 2o l3d
OR
Solve the following differential equation using the power series method :

:—i‘ng A-)y=0; ~0913
where A is constant.
(b) Usmg the Wronskain method, solve the following differential equation : 7
de Y x—X + 32 Y.=0

OR
Usmg the Wronskian method, solve the following dlfferentlal equation :

”""X”"Q“”y T 1%

NK-105
: 3 P.T.O.
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3. ()
(b)
4. (a)
(b)

Derive the D’ Alembert’s Principle.
| OR
Derive the general expression for the Kinetic Energy.

Derive the Euler’s equations of Motion for a rigid body.—) 'Lo\’\'\

OR

\

Derive an expression for the kinetic energy of arigid body—" db

Derive an expression for the energy Eigenvalues of the simple Harmonic “
7 I

Oscillator.
OR

Derive the radial wave equation for a particle moving in th

Write a note on the Ladder Operators.
OR
] i \ '2)0\ g
Write a note on the Parity Operator. J) 10 \y

/

5. Answer the following questions in short :

(1)
@)
€)
(4)
©)
(6)
(7)
(8)

(9):

Define ordinary point.

Define singular point.

Define regular singular point.
Define irregular singular point.
Define the degrees of Freedom.
Define Coﬁstraint.

Define Holonomic constrainf.
Define Scleronomous constraint.

Define Rheonomous constraint.

- (10). Define the cyclic co-ordinate.

(1), Define the spherical pendulum,
- (12) Define the Rigid body
41»,‘(1'3)‘_ State the Euler’s _theorém. |

. (1 4) .Sta'tvemtheoperator, L2 in fhe‘,spherical polar co-ordinates.

e central potential.

14
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