Seat No. :
LD-111 0
April-2014

B.Sc. Sem.-VI
CC-307 : Physics _
(Mathematical Physics, Classical Mechanics and Quantum Mechanics)

Time : 3 Hours) [Max. Marks : 70

Jan (1) oH % WAL 9L AL 6.
Instructions : All questions carry equal marks.
(2) sl du- walid e o,
Symbols have their usual meanings.

—2sin v 7

Lo () v yals 4 eld dl sulad 3 W v, Ll ==, —

. _2 ]
Show that W [Jv(x), J_\,(x)] =$ if ‘v’ is not an integer.

AYWOR
v=nyals H2 Al A 3
For v =n an integer, show that :

W @@= v
@ I, @=T,, @®=20yx

n
©) Ald s21 3 T (x) =% f cos (m6 — x sin 6)d0 7
0
n
Prove that J_(x) = %f cos (m6 — x sin 8)dO
0
AYWOR

galal 3 :
Show that :

() *P®)-IPx)=P,_, (x)
Q) xP;_hl(x)+IP,_l(x)=P;(x)
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| \ | 7
3 3ls wnenal. olelly wwdlu walddlsn a3 adal €. du suldl

. t circles.
Explain geodesic. Show that the geodesic of spherical surface are great ¢
AYWOR dcl
At AL sladl aglal. 2 sl 3l Ad Gl © d AR AxAdl

? lain in
Describe shortest time problem. How this problem can be solved ? Exp
detail, ”’

iy qvuxe (electromechanical analogies) 21413 LCR el ulRua i
LCR A*dR uRua 312 dwairapyq Aaq). _
Obtain Lagrangian for series LCR and parallel LCR electric circuit on the basis
of electro-mechanical analogies.

AYQUOR

I Biwil Riadt i o0ds (smooth sphere) U2 Weslerdl 2R A m

SAM HAAL S8 UM 53 8. @Rl wHeRl {LQlis"ﬂ\ weedl alasl »
AW wRell s81 B} “flies off? el wldl Quudl- gdel aaotel). S
A particle of mass m is moving under the action of gravity on the surface .of

smooth sphere of radius /. Apply Lagrangian method of undetermined multiplier

to find out the angle at which the particle “flies out” of the surface. (neglect

surface friction)

7

S8 28y W2 Biowiadl Al WseL avil. a4 eyl qoqay w2
Brouadl w{lsee G2a. 7
Write radial schrodinger’s equation for hydrogen atom. Solve radial equation for
getting eigen values.

AYAW/OR

AAlesudll elas (Isotropic Oscillator) 12 Brayadl aRal Wl qul, Wy
Wilsrel Gualar s34 wnBsyall elas o AL YU w o [y
Judl, ) :

Write the radial schrodinger equation for isotropic oscillator and solve this ”
equation to derive the eigen values and eigen functions of isotropic oscillator.

BruRuls Rafon gu amenfiy 590 w9 U dld ool (Ingerior
region)i. w1l sldlr2 wflsReinl Gle Haq). 7

Define three dimensional square well potential and obtain the solyt
schrodinger equation in its interior region.

2UYA/OR

Wit YAl Aol Fyeudle se iy alqqufys . 2191 (i 22y
. |

Discuss the energy spectrum and eigen functions for 5 charged icle j
uniform magnetic field. ged particle in g

ion of radial

2
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4. (M)

(1)

5. ésMl

(1) viaral ARA (State Vector) 3usl Axadl. 7
Explain the representation of State Vectors.

(2) lasla el (dynamical variables)d AlBls AR5l (Matrix  Operators)-il
13Ul (H3usL aunal x4 ealal 3

Discuss the representation of a dynamical variables as Matrix operator and
show that

(x)A = [F]A (\P)A
UYWOR
-2 [H3ueL (schrodinger representation){l Al 521 i eicial ¥

Explain the schrodinger representation and show that

oV (x)

| P P> =—ih
<x|P|¥>=-h o

—icj px / E

Yol 2ofld iR USld 2354 3uidrel M euldl 5 [x>'=e x> 7

—ig; Px / | . o i
g e/ b | x > for unitary transformation induced by translation

Show that | x>'=e
of co-ordinate system.

§AWOR
i Aelart wreell WRld 214354 3uidel R alirdr 2l sA. aadl ¥

Discuss in detail the unitary transformation induced by rotation of co-ordinate
system. Show that

[, Z,1=iZ,

U AL : ' 14

Answer in short :

1)

(2)

LD-111

\

\

<41 (494 (Neumann function) &il.
Write Neumann function.

&-5¢ [Q4y (Hankel Function)

Write Hankel functions
1
O Hw

@ H e
3 P.T.O.
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(3) olla [ady W2 dodedly oiy (Orthogonality relation) &Vl
Write orthogonality relation for Bessel’s function.
(4) dig= [sad wsel qui.
Write Legendre differential equation.
(5) (AR a8 (configiration space) ALV $3.
Define configuaration space.
(6) Ser-cu-a Wwllsrer vl
Write Euler-Lagrange’s equation.
(1) dBieenl Rigid awl.
State Hamilton’s principle.
(8) «islus (Hodograph) crvliq 53,
Define Hodograph. e
(9) Rl [8y (state vector) eyl 571,

Define state vector.

(10) [gaotd xa59 (Hilbert Space) AuAq 531,
Define Hilbert Space.

(11) £ P a2l seilvey 92q quil,

Write quantum condition between % and P
(12) ¥ al-usi3an (Gauge Transformation) 224 9 ?

What is Gauge Transformation ?

(13) alefly yely Wl (Spherical Polar co-ordinates) U WRGU(4S (Parabolic) w1y
Q3L Aoy Qo).

Write relation between Spherical Polar Co-ordinates and Parabolic Co-ordinates. ‘
(14) oller -l WA 4NA aiRaL 2w @ Y 44 2

Does parity is conserved in the process of beta decay ?

LD-111 ot 4
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Seat No. :
AC-112 3,
April-2015
B.Sc., Sem. VI

CC-307 : Physics
(Mathematical Physics, Classical Mechanics & Quantum Mechamcs)

Time : 3 Hours]| [Max. Marks : 70

Instructions : (1)  Attempt all the questions.
(2)  All questions carry equal marks.
(3) Symbols used have their usual meaning.

. (@) Provethatcos(x)= Iy + 2n§ D Ty 7
OR
2n+ 8
Prove thatJ , ,(x)+J ,5(x)= " 1+ 460
s L5 o
1 d .
() () ProvethatJ,(x)= (1)men ( ) (Sm x). 7
(i) Prove that] l(x) \/7 sinx _—"
(i) Prove that Legendre polynomial satisfies the following orthogonality
relation. - - '5?
+1 - 5 =5
P P dx———z S \( /2. S\Prc\\/‘,gi’l-
m(x) ﬂ(x) - 2n + 1 mn. / r
=
(i) To calculate Gama function y (- 5/2):” e %
2. (a) Obtain Hamiltonian principle from Newton’s equation of motion. 7

OR
Distinguish between Hamiltonian formulatlon and Lagrangian formulation.

(b) Derive Euler Lagrange’s equation of motion using 8 notation. Discuss it’s

physical significance. 7
: OR
Obtain the Hamiltonian for a change partial moving in an electromagnetic field.

3.  (a) Find the Solution of Schrodinger equation in the interior region of a three

dimensional square well potential. 7
OR

Write the radial schrodinger equation for Hydrogen atom. Separate this equation
in Parabolic co-ordinate.

AC-112 ' < TN P.T.O.
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(b) Starting with differential equation
d’L oL
p ap? +[2/+2-p] 2 +[t-/-1]L(p)=0
Obtain the normalized radial wave function for Hydrogen atom.
© .
2 3
: . 2q-p+1D(ql)
Hmt:fe pop 1P :l d _(
p [ qP)] dp q=p)!
0
OR
In case of anisotropic oscillator establish eigen value equation for energy and
show that how it lead to energy eigen value E.
4. (a) Explain in brief: 7
(i)  Hibert space
(1) Hermition operator
(1ii) Unitary operator
OR S
Define projection operator. Show that the sum of all the projection operator is 1.
Obtain the relation A = 2a ﬁa
h 0¢(x)
(b) Provethat(x\P\cb)—— i Ox 7
OR '
Discuss in detail about Space inversion.
ﬁ. Answer 1n short : | : 14
g (1) Write down Bessel’s differential equation. :
(2) Write down values of Hy(p) and H,(p) for Hermite polynomial.
(3) Define Gama function.
(4) Write down value of P4(x) for Legendre polynomial.
(5) What is geodesic ?
(6) Write down Lagrangian for L-C-R series circuit. 9
(7) State Eulers theorem.
(8) Write down Lagrangian for simple pendulum.
(9) Write down equation for Bohr radius.
(10) Write down energy eigen value for n = 0 isotropic oscxllator
(11) Write commute condition between ¢ and L,.
(13) Write down the radial wave function for H atom.
(14) Give the definition of Parity.
AC-112 4
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Seat No. :
AB-113 T A
April2016 - " :
.B.Sc., Sem.-VI

: CC-307 : Physics : :
(Mathematical Physics, Classical Mechanics & Quantum Mechamcs)

Time : 3 Hours] [Max. Marks : 70

Instructions : (1) ~ All questions carry equal marks.
(2) Symbols used have their usual meaning.-

: 1 _ - LA | .
I. (A @) ProvethatJ_l(x)=\/%cosx.(3\56 sV / :

L] D72

_ L i), Prove th_ata—i—(ann(g)):_x"J,’m(x) / ‘
, | _OR * L L
@) Provethat N, (x) + N, () = 2vNV(JC) <N = J vem
(ii) Prove that N, ,(x) - N, +l(x) = 2N' NE3)

0 (B) Prove that Legendre Polynomial satlsﬁes the follewing oz rthogonality condition’ 7
: 5 _ _ '

2 o
Jror@a=2Ts,

+

. OR . A .
(i) Using the Bessel’s function skow that L ' : '
J (=)= (-1)"J_(x) where n is integer.

D ~ (i) Show that xP)(x)~P! | () =nP (x) ~—
"2, (A) Expl‘ain vGeo.d,esis. Show that Geodesis of a spherical surface are gi'eat circles. 7
- -OR

‘What is Hamilton’s principle ? Show that the shortest dlstance between two pomt :
in planeis a stralght line. -

'(B) Using & notation, obtain Euler-Lagrange’s equatlon of motion. 7
| oR
‘ Obtam Hamlltons of system for a 51mple harmomc pendulum w1th movmg
suppoxt -
CABIF L ‘ w13 - " pToO.
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(A)

(%)

(B)

4; (A)

Expiain the prO_]CCthH operator. Show that the sum of all projectxon operator is 1

What is isotropic oscillator ? Using radial equalion, solve the problem of isotropic

osc1llaror
OR

What is anisotropic® oscillator ? Obtain normalized radial wave function for

anisotropic oscillator,

Discuss the energy spectrum and cigen functions for a charged particle in a
uniform magncuc field. : 7

OR

Write the' mdml Schrodinger cquatlon for H-atom. Solve radial equation to obtair.
energy cnbcn values. '

Discuss the Hilbert space of State vector Prove the orthogonalisy theorem for
elgen vector of a self adjoint operator using Dirac notation. ' 7

OR

DISCUSS the representation. of a dynamical variables in matrix operator and show

that (\)A [F]A(W)A

®B)
- Obtain the relation. A ZaP 7
OR -
Write short note on Time Reversal. iy
5. Answerin short : 14 -
(1)  Write down Bessel’s function J 2. .

(2)  Write down the generating function of Bessel’s functions.
(3) . Write down value of P (x) for Legendre polynomial. - .
(4)  Write down value of J, 1(x) for Bessel’s function, '
(5)  State Euler Theorem.

(6) Wndlte down Hamlltoman for a charge particle movmg in an electromagnetic

fiel
(7)  Write down Lagranglan for L-CR parallel 01rcu1t : - e
(8)  What is phase space ? '
A5 (9)  Write down complete wave function of H atom Vi = ?

- (10) Ground state energy of anisotropic oscillator is

(11)  Define square well potential three dimension
(12) . [, Xyl=." -7

: +
(13 AH=__ 17
4 <ylpr=__ 9
AB-I 135 4 )
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Seat No. : /36
AG-107 0
April-2017
B.Sc., Sem.-VI

. CC- 307 : Physics
(Mathematical Physics, Classical Miechanics & Quantum Mechanics)

Time : 3 Hours] [Max. Marks : 70‘

Instructions : (1) All questions carry equal marks.

(2) Symbols have theit usual meanings.

’ © () x\n+2r A
1. (a) UsingJ ()= r;) D) (5) - prove that, » 7 .
* J
() .\‘J:’ =nJ, =xJ, 4
@) =l
. - OR ,

Obtain Rodrigué’s Formula. -

(b) Prove that

[

0
OR

n .
) 14 2 ) .‘
J &) = [ cos(m® — xsinB) dO -

Prove that, o
(1) PP, () =1P,()
<* @) P\x-xP,_ ) =P, ()

2. (a) Provethatthe shortest distance between two points in a plane is a straight 1ine.~ 7
OR ' :
State and explain Hamilton’s principle. Show that Hamiltonian function is equal

" to total energy of the conservative system.

(b) If a particle of mass m is moving under the action of gravity on the surface of a
smooth sphere of radius /, obtain the angle at which the particle flies off from the
surface using the Lagrangian method of undetermined multiplier. ' 7

OR; ) '

Obtain Euler’s eauation of motion using techniques of calculus of variation.

A_G-'107 3 P.T.O.
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(95

(a) What is square we'l potential ? Using radial Schrodinger equation obtain the

solution in the interior region of a three dirnensional square potential well. 7 7

OR

In the outer region of a three-dimensional square well potential, discuss non- -

localized states (E > 0).

(b) Obtain the energy eigen value E_ for isotropic harmonic oscillator in three

dimension using radial Schrodinger equation.
' OR :

. . d’L dL
Using the equation p do? @2r+2- F.)) ap + (A -1-1)L=0
2.4

nz-e

Obtain the energy eigen value, E = — e = 1,2,3,.....

for hydrogen atom.

4. r(a) Prove for self adjoint operator A,
(1) Its eigen value is always real.

(2) For Eigen states la > and Ia' > of f\, <a' Ia> = 0 when their eigen values are

unequal.

OR

Prove that for 'momentum operator 13, <x|I/5|\p> =-ih Q(}%} '
(b) Prove that ,
X'>= e(—i()" - L/h) IX>
OR =
Write a short note on space’inversion.
5. Answer in short : :
(1) Write down Legendre differential equation.

(2) Write spherical Neumann function.
(3) Writedown J, 1 (X) for Bessel’s function.
>

(4) Write Hamilton’s canonical equations of motion.

(5) Draw phase space diagram of one dimensional oscillator.
(6) Write down Lagrangian for L-C-R series circuit.

(7) Write quantum condition between X and p.

14

(8) . Whether n° meson is a psuedoscalar particle or a psuedovector particle ?

(9) Define linearity of a linear operator A.

(10) Define projection operator.

(11) Write down the value of [Z,, I,].

(12) Do isolated systems possess translation and rotation invariance ?
(13) Does the parity.is conserved in B-decay ? .

_(14) Write the potential V(r) for H-atom having nuclear charge Ze, electror;ic charge

—e and the distance between electron and nucleus is r.

7

AG-107 4
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. (a)
L
(b)
2.
()
AB-109

AB-109

April-2018
B.Sc., Sem.-VI

(Mathematlcal Physics, Classical Mechanics and{Quantum Mechanics)

CC-307 : Physics C
v

e T
K\, Time : 3 Hours]

- |Instruetions : (1) All questions are carry equal marks.
(2) Symbols used have their usual meaning.

[Max. Marks : 70

(3) Figures on R.H.S. show that total mark of questions.

Using the Bessel’s function show that : -7
(1 J (=)= (-1)" J (x), where n is integer e
\
0
(2) Prove that cos (x) =J (x) +2 Z )" I, () 9
n=0 T
OR
1 d)'(cosx
(1) Provethatn(x)=(-1)"x" | —— .
x dx x :
(2) Prove that Legendre polynomial satisfies the following orthogonality
relation.
+ 2
P P (x) dx= —— Oomn
T o o2
1% [
Prove that J_(x) = — 0—xsin0)dd ) 7|7 .5 )
rove that J_(x) = J(; cos (m0 —x sin 0) 9. ‘j r)/O 7
: OR '
Prove that forv=nan integer |
W 1, @+, 0= = 10
Q) 2T =) )= 2]' §69) Gisee
o |
Using 6 notation derive Euler Langrang’ s equation of motion. - 7
on ol S
Obtain the Hamiltonian for a charged partical moving in an e?éctromagnetic field.
Obtain Hamiltoni inciple from Newton’s equati i
in Hamiltonian principle 83 ewton’s f:quatlon of motlogcZ o L5 v

Obtain Lagrangian for a series LCR and parallel LCR electric circuit on the basis

of electromechanical analogies% ) l./\']
/
3

P.T.O.
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3. (a) Using the following differential equation of the H atom for L(p)-
p- 3—12‘- +Q2[+2-p) L +(A-1-1)L=0
dp dp .
4

e Wheren =1, 2, 3.
2h%n?

OR
A ' 3| n
/,Bo/' t three dimensional isotropic oscillator show that E = | n+ '2‘ .

)

Prove that En =

/Deﬁne three dimensional square well potential and obtain the solution of radial

Schrodinger equat;on in it’s interior region.

OR Y
Discuss the energy spectrum and eigen functions for a changed partical in a .
uniform magnetic field. ‘

4. a) Write a short note on Hilbert space.
(@ o p \ %2 — |C} .
Explain the transformation of a dynamical variables and prove that
i (D2 X=X = €. (i) P'=pc+0p,
(i)) Discuss in detail about space inversion. ' 7

, OR
Explain the Hermition operator and show that :

@ <¢la=(A"19)* (i) <ylA"=(AW)*

5. Answer in short : - ; 14
(1) Writedown valueof J | (x) for Bessel’s function.
, 2
(2) Write down the Q}fthogo'nality relation for Bessel’s function. Q
(3) Write down value of P4(x) for Legendre polynomial.

(4) Express f(x) = 8x°> — 2x + 4 in terms of Hermite polynomial.
<(5)—What is-geodesic ?
(6) State Euler theorem. . ?/ 5
(7)  State Hamiltonian principle.
(8) Define configuration space.
9 What is Isotropic oscillator ?
(10) The wave function of electron in H atom forn=1,/=0and m =0 is
~ (11) Write the S‘chrodinger equation for H atom in parabolic co-ordinate.
eerm SiEm
M [Z,,Z
w Dcﬁne prOJectlon operator

CAB109 e 4

Scanned by CamScanner



