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Attempt Five questio~ in all. Questio~ No. 1 is.c~mpulsory; 

use of non .. prograrrimable ~cientiflc calcUlator is allowe<i 

Symbols have their usual meanm~. ·-- · · . 
. ·. 

1. Attempt any five of the following : .. JxS=tS 

(a)· · A metal Surfaee when irradiated With light of wavelength 5896. A ·emits electi:ons for which. 

the. stopping potential ~s 0.12 V. When the same surface is irradiated with2830 A, it. 

emits electrons for which the stopping potential is 2;20 V. ·Calculate the value of Planck• s 

constant. 
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( 2 ) 6216 

(h) ·. Compare· the dtt BrOgli~wav~len~for an electron with a kinetic e.nergy of 1 eV and.~· 

a ball of mass. 300' gp:t. ~v~lling at 100 knilfir~ 
. . :. . ". 
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.¥:,~ l)t~ ii;.thcr. pafticl~J.,describeck.~l}i~ notmalized'~wav~fun~tio~.ir-i . ~· .·.... .. . .. . . . . ._ 
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(f) A radial fun~tion in spherica[polar coordinates is-::.,_;' 

.... 
• 'i. •• 

~here C-),s. a ... normalizatiQn. constant .. Discuss. the physical acceptability; of:· . 
. . · • 1 r .. 1 
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(i): llr2 for: smrur\ values of.r and as. a polynomial in r otherwise; and,' 

(ii) a polynomial hi r of degree more than 3 for all values of r. 
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(g) A one-dimensional harmonic oscillator 1s in a state described by the wave 

function: 

1 i 1 "n/3..., 
\j/(x, 0) = - \jl0(x) + rn '111 (x) + rn t "'2 (x) 

2 v2 · v2 

t where 'II n (x) are the usual normalized orthogonal wave. functions. Normalize the wave 
• 

function 'JI(X, 0). 

(h) Find the classical amplitude of a one-dimensional harmonic oscillator in its ground state· 

1 
with an energy 2 liw. 

2. (u) In the Compton scattering of a photon of frequency v by a free electron through an 

angle o , using the expressions for momentum conservation : 

pc cose = hv - hv' cos ~ and pc sin e = hv' sin <I> 

and the expression for change in wavelength of scattered photon : 

prove that 

A I - - A = _h- (1 --: cos <I>) 
moe 

1 hv 
tan e = ; where ~ = -~ 

~ m c2 
[1 + ~] tan- o 

2 

10 
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(b) A metal surface emits electrons with maximum kinetic energies E1 and ~ when illuminated 

with light of wavelengths A. 1 and~ respectively, where A.1 > "-2. Prove that the Planck's 

constant h and work function q, of the metal are given by : 5 
• 

... 
(a) Explain de Broglie hypothesis for matter waves. Show that for the de Broglie wave 

associated with a moving particle the group velocity is equal to the particle 

velocity. 5 

(b). Assume that at time t = 0, a single non-interacting electron is located near 

x = x0 witH the probability P dx of finding it between x and x + dx being given 

by: 

Obtain the expectation values of x and p. Also show that : 10 

.~. ~ = h/2 .. . 
4. (a) Describe an experiment to locate the position of a free electron by a microscope using 

y ray and hence, obtain an expression for uncertainty principle. 10 

. 
(b) Determine the minimum uncertainty in the position of a particle in terms of 

de Broglie wavelength when the uncertainty in the velocity of a particle in one-tenth of 

its velocity. 5 
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~. (U) Obtain the energy eigenvalues and the normalized w,ave functions for a free particle of 

(h) 

mass m trapped in a one-dimensional box of length L along x-axis in positive direction 

of x from the origin. 10 

~ 

The wave function of a particle confined in a box of linear dimension L along x-axis 

IS : 

\j/(x) = Aeiax; 0 ~ x ~ L. 

L 
Find the probability of finding the particle in the distance 0 ~ x ~ 

4 
5 

6. Solve the time independent Schrodinger equation for the energy levels of a one-dimensional 

harmonic oscillator. Draw the energy level diagram. Explain the physical significance of 

Lero-point energy. 15 

7. A particle of mass m and energy E moves along x-axis from a region of zero pqtential towards 

a one-dimensional step potential barrier of height V 0 of infinite extent. Assuming 

E > V 0• derive expressions for the reflection and transmission coefficients. Comment on the 

wavelengths associated with the incident, reflected and transmitted waves. Also, obtain · 

expressions tor probability current densities associated with the incident, reflected and transmitted 

\Vaves. 15 
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X. (a) Solve the angular equation of hydrogen atom in spherical polar coordinates, given 

as : 

_1_ -~(sine ()y) + _1_ a2y2 + )..y = 0 
sin 8 ae ae sin2 8 aq, 

\ to obtain relation A. = l(l + 1) . 

(h) Given the wave function of ground state of hydrogen atom is : 

h216 

\ 

-rta0 e 
\llwo<r) = 

(rtaJ)l/2 ' 

where the symbols have usual meaning and : 

Calculate the most probable distance of electron from nucleus in ground state. 

h = 1.054 x 1o-34 Js 

h = 6.63 x to-34 Js 

Rest m.ass of electron = 9.1 x l0-31 kg 

Charge of electron = 1.6 X 1 o-19 c 

Rest mass energy of electron = 512 Ke V . 

Velocity of light in free. space = 3 X 1 o8 m/s. 
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