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Subject: Physics - TIME ALLOWED: 3 hrs.
PAPER: I (Mathematical Methods of Physics) MAX. MARKS: 100

NOTE: Attempt FIVE questlons, at least TWO questtons should be selected from
each section. :

Section 1

Q. No. 1 Discuss spherical polar Lourdnmtea and derive expression for the scale
- factors of this system. (20)

Q. Nu.2.{a) Derive the expression for the Legender's Polynomials Py(z)., Pi(x)
Py}, Py(a) and Pyi{r) using reeurrence relation far the coefficients given by €, e3 =

%ﬁ—l—)( o and the Legender's Polynominls of degree n given by Pi(z) =

(2 =112 -3 ~51.. )C“[,Z‘" "I’—”Jn 3+ 1 win—in-2}in— 3.[1" !+}

n! 2w 1) {2n=T1}{2n--3)
(b) Sketch the graphs of Py(z). P (x), P.;.(a.), PBi(z) and Py(x). (10+10=20)

€} No.3. Evaluate
j;] ;T . ozl o (10)

F=lcosd

(i) [ amwaod’) where a > b > 0 (10)

- - - ‘g . . . . . B ¢ E— L

Q. No.4.(a) Show that Cauchy-Remant equations are satisfied for w(z) = e g
(10,

(b) Evaluate rho integral 144/ 2%~iy)dz (i) along the straight liney = x (i1} along
thie curve y = 2%, (5+3) 0

Q.5. {a) Define a tensorial quantity. Give two examples of it.

(b}). Prove that
4 = J.% —.I'Lil?‘) (20)
TP —T1 &2 QZt »

are the components of a second rank tensor in 2-D.

Section-II
the
Q.6.{a) Prove that eigen values of Strum Liouville’s problems are real
b) Find the Green's function for the operator a = — ;‘i—: =4 in the region
:0.1] under the boundary conditionsG(0) = 0, & )= (20)"

- P.T.O.

h - - . - - . ——



Q.7 (a) Find the Fourier seriesof f(z)} given by

it -

yon [ -7, - < <0 (10+10=20)
f(a")“{,x, 0<:x<m-}

(b) Find the Fourier transformation of Slit tunction defined as:

AN 1, ——aﬂtSa )
) = { 0, otherwise }

Q). No. 8. (a) Sketch the followings

(iyiz—al=p (2+2+2+2+2=10)
(i} | 2 —a <3

(iil} | 2 + 2+ 3i{< 2

.
>3

(iv) iz

(b If there is some common region in which wy = u+ v and wy = u—iv are both
analytic, prove that u and v are constants. (10)

Q%Xa): For Bessel functions, prove. that,

x I 50 oL (10+IO=20)
et -1 = Z olz)

=y
b} Show that

) o
Jai @)+ Jnsa (@)= —Jnla]

-
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PAPER: I (Classical Mechanics) MAX. MARKS: 50

NOTE: Attempt any FOUR questions, selecting at least ONE question Jfrom each

1(a)

~ (b)

(c)

2(a)

(b)

(c)

3(a)

(b)

4(a)

(D)

{c)

section. . ,
' ' SECTION I ' )

If L is a Lagrangian for a system of n degrees of freedom satisfying Lagrange equation of
motion, show by direct substitution that L’=L+%F(q,,q2,...,qn;t), also satisfies the

Lagrange’s equation of motion, where F is an arbitrary differentiable function of its arguments.
Consider two masses tied together on a frictionless inclined plane as shown in the figure. Find
the equations of motion.

A buzzing fly moves in a helical path given by x(t)z(bsin ot,bcos wt,ctz). Show that the

magnitude of the acceleration of the fly is constant provided b, ® and c are constants.  [4,4,4.5]
State the D’Alembert’s principle and use it to derive the Lagrange’s equation of motion

di a.L - ;—L =0, where L = L(qi ,qi,t) is the Lagrangian of the dynamical system.
t aq, qi
Obtain the Lagrange equation of the second kind % -% L -q; ﬂ =0.
aq,

A bead slides along a smooth wire bent in the shape of a parabola z = cr®. The bead rotates in a

 circle of radius R when the wire is rotating about its vertical axis with angular velocity . Find

the value of c. (4,4,4.5]
Consider the motion of particle in a central force field V (r) = — E Write down the Lagrangian
r

in polar coordinates and integrate the equation of motion to derive
ldr
o(r)= j + constant,

2
r? 2 E+X_ 12
r2ur

. . . )
where E is the total energy and / is the angular momentum. Now, change variables as u = =~ to
' I

. . : ]
derive the equation of a conic section — =1+gcos0 .
r

Use the above expressions to derive Kepler’s third law of planetry motion. [7.5,5]

Two point like masses M, and M, are connected by massless thread which rests on a wheel
(Atwood’s Machine). The motion is assumed to be frictionless. Obtain the Lagrange equation of
motion. '

A particle of mass m moves without friction under the action of gravitation on the inner surface
of a paraboloid, given by x* + y2 = az. Use the method of Lagrange multipliers to determine the
Lagrangian and the equations of motion. Show that the particle moves on a horizontal circle in
the plane z = h, provided that it gets an initial angular velocity. Find this angular velocity.

Show that the geodesic on the surface of a sphere is a segment of great circle. [4.4.4.5]

 P.T.O.



5(a)

(b
©

6(a)

(b)

()

7(a)

)
(€)

SECTION II

. . k ..
A particle of mass m moves in a central force field with potential - The Lagrangian 1s

.2 ‘2 .2 . X .
L:%m{r +120 +rzsin29¢ }+l(- (i) Find the momenta (pf,pe,pd,). (ii) Find the
o r : '

Hamiltonian H = H(r,9,¢,p,,pe, Py ) (iii) Write down Hamilton’s Equations.

Define Poisson bracket and Lagrange brackets. Show that the Poisson brackets are invariant
under the canonical transformation.
If [u,,u,] and {u, u j} are the Lagrange and Poisson brackets respectively, then show that

2n )

E [u,,u, ]{u uj} 8 : (4,4.4.5]

r=1
State Hamilton’s principle of least action and use it to derive Euler-Lagrange equations of a

dynamical system.
2

. . . . . 1 .
Show that the Hamiltonain for a simple harmonic oscillator H = P —mo’x? can be written

2m

in the form H = wa *a, where a=1f£ﬂ£(x+i), a*= z_m_co(x_i).
2 mo 2 mo

Show that {a,a*}=-i, {a,H} = ~iwa, {a*,H}=iwa*.
Show that the path followed by a particle in sliding from one pomt to another in the absence of
friction in the shortest time is a cycloid. [4,4,4.5]

Show that the phase space volume of a canonical system is independent of time (Liouville’s
Theorem).

Show that the transformation Q = q tanp, P = log(sin p), is canonical transformation.

Show that the Poisson bracket obeys the Jacobi identity {A,{B,C}}+{B,{C,A}}+{C,{A,B}} =0,
where A, B and C are arbitrary dynamical variables. [4, 4, 4.5]

-
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PAPER: III (Quantum Mechanics) ' MAX. MARKS: 100

NOTE Attempt any FI VE questtons, At least ONE questlon from each section.

State the condmons when operator A isa constant of motlon

“"Section I

Q1. (a) State any three postulates of Quantum Mechanics.
(b). Prove that eigenfunctions of same Hermitian operator belouging
to distinct eigenvalues are always orthogonal.

(9+11)

Q2. a) If ¥ is an eigenfunction of Hamiltonian H, with eigenvalue E. What
is the expectation value of H in the state ¥ such that ¥ is normalized to unity.

1. (b) If ¥;,¥,, T3 are normalized eigenfunctions of a Hermitian operator
belonging to distinct eigenvalues, derive the condition to be satisfied by
the coefficients c;,cz. -+ , ¢y, if ¥ is a wavefunction normalized to unity

U=c ¥+ + - -cy¥n.

Which of the following wavefunctions are acceptable if every wavefunction
is normalized to unity and why?

i v ='712=\111 + 30, + 10,
i = \/E\Iﬁ + 10, + 593,
il ¥ = /30 + /10, + 10
) (6+8+6)

Q3. (a) Show that the time rate of change of expectation value of an operator

A is given as ~
(-5 (@) (%)

1. (b) It
R LI
H= —Q——“V +V (Z Y, 2z )
show that : ov
[H,[):,}] = tﬁ-—d-;'
Using the equation for the time rate of change of expectation values show
that

L0--()

where p = p; + pyj + pzk.
(10+10)

PTO



Section 11 ’

Q4. Solve the Schrodinger wave equation for a finite square well potential
for the case when 0 < E < Vg, where

Vé)y z < —‘-'_;
Viz)={ 0, -3<z<§
Vo, >3
(20)
Q5. (a) Show that in spherical polar coordinates
. .0
Lz = —ﬂi%‘
L. (b) Show that the eigenvalue spectrum of L,is given by mh where m =
©e=1,0,1,--.
(¢) Complete the following equations
f]2yrlm = ?)
I:zYlm = 7
(8+8+4)

Q6. (a). Define fermions and bosons. Write down the expressions for the
wave functions for

(i). three identical hosons
(ii). three identical fermions

(b). What is exchange degeneracy? Also define Exchange operator.
Show that exchange operator commutes with Hamiltonian.

(9+11)

Section LIl "L

Q7.Obtain the expression for the first order correction in energy and wave-
function by using time independent perturbation theory.

(20)

Q8. Write down the general method of determining éfound state energy
and wave function by variational technique.

(20)

Q9. a) Write down'(do not derive) the equation of generalized uncertainty
principle.

1. (b) Which of the following pairs of observables can or cannot be deter-
mined simultaneously with zero uncertainties and why?

i z and pg,
ii p; and Lz,

where «,p and L represent the position, linear momentum and orbital an-
gular momentum variables respectively.

1. (c) Use generalized uncertainty relation to show that
h
(Az) (Ap,) > 2

- (4+8+8)
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NOTE: Attempt any FOUR questions selecting at least ONE question from each
section..

'S_Ectidn- 1

Q.1(a) Deﬁm, 1he foliowmg‘ glvmg one cxample in each case:

(1) anwwc, LL” (u) Cooxdmatlon number (iii) Bravias Lattice (iv) Lattice
symmeu y opcratmns R (2+2+2+2)

(b):Draw a (1 1 l) planc, in 1he uml cell of cubic crystal. Find the <110> direction that lie on
this planc S W . ' (4.5)

Q2 (a) Explam the cr) ﬂtal s‘u ucture of Sodlum Chloride in detail. ©)

(b) Consndcr (hld) pldm ina mystal system prove that the reciprocal lattice vector G=
hiby+HebyHby s, PU‘PCndICUldl to-this plane and the distance between two adjacent parallel
planes of ldtthL s dm I 27t/l(1l (7.5)

Q.3 (a) What do you mcan b\, ths. Brxlloum zone, how it is related to the diffraction conditions in

the recipr ocal ,lamce Prove that the recnprocal lattice of a simple cubic lattice is also

®

A
a3;= CzZ
l“ind the'primiliv'*' trahél'a'tion‘v'ectors of the reciprocal lattice. (4.5)

Q.4. (a) Lomldennu sohd (n a conlmuous medium, define stress and strain. Derive expresswns
for -stress “and strain components and then explain how these are reduced to six

componcnts m uach cas% I (8.5)
(b) Del ine thc ehxm cmnplmna and elastlc stiffness constants with their respective units.
o : L . 4)

Section- 11

Q.5 Derlvc the dhpm mm .letl()n of phonons in a diatomic crystal, sketch it in the first
< and explain the sxgmﬁcance of the optlcal and acoustic branch. (12.5)

)

| (6+6.5)

i) Ficks law of ¢
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NOTE: Attempt any FIVE questions selecting at least ONE from each Section.
: Section |
Q.1 | (a) Draw the circuits and explain the circuit operation with the help of wave form for;
(i) diode clamper. (ii) double diode clipper 10
(b) Sketch the circuit of full wave (center tapped transformer) rectifier circuit with Pi
— | () filter, discuss its operation and derive the expression for its ripple factor. 8
(c) Why diodes carry short current pulses when a capacitor filter is used. 2
Q.2 | (a) Draw the h-parameter equivalent circuit of Common Emitter transistor amplifier
and find the expression for voltage gain, current gain, input and output resistances. | 10
(b) A transistor with the following parameters is employed in a Common Emitter
amplifier; R = 1000 Q, hie = 1.5 KQ, he = 40, and hoe = 16 x 10 ® mho. Calculate
9m, Ave, Aie, Rie, Roe and power gain in dB. 8
(c) If a (alpha) is given, how do you determine B (beta). 2
Q.3 | (a) Draw the circuit of four resistors bias network and find the relation for Its collector
- current and stabilizing ratio. 10
(c) Determine the design values for four resistors bias circuit with Ve = 20V,
|c =6 mA, hfe = 60, VBE = 0.6V, VCE =0.5 XVcc, VE =0.1x Vcc, |1 = |2 =10 x |B. 10
Section Il
Q.4 | (a) Discuss the low frequency response of RC coupled amplifier and find the
expression for Ayjow) and phase angle 6. 10
>t (b) Find the expression which show the reduction in gain in the presence of .
unbypassed emitter resistor Rg 6
(c) Why f; and f; are called half power frequencies? 4
Q.5 | (a) Describe the construction, draw the symbol and explain the action of n-channel
MOSFET in depletion mode. 10
(b) Describe how pinch-off is obtained in an n-channel JFET. ;
(c) Trace the internal FET circuit arranged as two port network.
Q.6 | (a) Draw the equivalent circuit of a current-series feedback circuit and determine its
voltage gain and  with feedback, and input and output resistances. 12
(b) For a current-series feedback circuit, there used Rg = 1500 Q, R = 10 KQ, he = 50
and hee = 10 moh. Find the gain, input and output resistances with and without 6
feedback.
(c) What is-the effect of negative feedback on Bandwidth. 2
. Section lll
4 Q.7 | (@) What is an oscillator? Discuss the practical Colpitts oscillator and determine the
_ relation for its frequency. 10
i (b) Discuss briefly the crystal control of frequency. Draw the crystal's equivalent circuit 10
and find resonance frequency for its series and parallel models.
Q.8 | (a) Describe class B push-pull power amplifier in detail and find out expression for its
power efficiency. 12
(b) What is an ideal transformer? Show that a load in the secondary appears in the
primary as a resistance, with ac voltage applied. f‘
(c) What is the purpose of phase inverter? o
Q.9 | Write a note on any two of the following. 16
(i) Monostable multivibrator +
(i) Logic Gates _ 1c
(iii) The two port network
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