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Answer any FIVE FULL Questions
Given: c = 3  108 m/s; h = 6.625  10 -34 Js ; k = 1.38  10 -23 J/K; me = 9.1  10-31kg; e = 1.6  10-19C MARKS

CO RBT

1 (a) State Heisenberg’s uncertainty principle and show that electrons cannot exist in the nucleus. [07] CO1 L3

(b) If the output power of GaAs (Eg = 1.4 eV) semiconductor laser is 5 mW, calculate the number of
photons emitted per second.

[03] CO1 L3

2 (a) Find the eigenfunction and energy eigenvalues for a particle in a one dimensional potential well of
infinite height.

[07] CO3 L3

(b) The ratio of population of two energy levels of an atomic system in thermal equilibrium is
1.059 x 10-30. Find the wavelength of light emitted at 330K.

[03] CO1 L4

3 (a) Derive time independent Schrodinger wave equation for a particle moving in one dimension. [07] CO1 L3

(b) Discuss the application of lasers in defence for rangefinder. [03] CO1 L2

4 (a) Obtain an expression for energy density of radiation under thermal equilibrium in terms of
Einstein’s coefficients.

[07] CO1 L3

(b) Find the eigenvalue and write the eigen function for the electron in the ground state, if it is
confined in the potential well of infinite height, given that width of the well is 1Å.

[03] CO3 L3

5 (a) Explain the construction and working of CO2 laser, with the help of suitable diagrams. [07] CO1 L3

(b) Calculate the de-Broglie wavelength of the electron moving with the speed of 5x106 m/s. [03] CO1 L3

6 (a) Explain the construction and working of a GaAs laser, with the aid of suitable diagrams. [07] CO1 L3

(b) The position and momentum of an electron with energy 0.5 keV are determined. What is the
minimum percentage uncertainty in its velocity, if the uncertainty in position is 0.5A0?

[03] CO1
L3

7(a) An electron is bound in a potential well of width 1Å. Evaluate the probability of finding the
electron between 0.25 Å and 0.75 Å in its first excited state.

[05] CO3 L4

(b) A spectral line of wavelength 4000Å has a width of 8 x 10-5Å. Evaluate the minimum time

spent by the electrons in the upper energy state between the excitation and de-excitation processes.

[05] CO1 L4
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1 Define: Mach number, Ultrasonic waves, Subsonic waves, Supersonic waves and 
Hypersonic waves.

CO3 L1

2 What are shock waves? Mention the characteristics and applications of shock 
waves.

CO3 L1

3 With a neat diagram explain the construction and working of Reddy shock tube.       CO3 L3

 4 The shock absorbers in an old car with mass 1000 kg are completely worn out. 
When a 980 N person climbs slowly into the car at its center of gravity the car sinks 
2.8 cm. The car (with the person aboard) hits a bump, and the car starts oscillating 
up and down in SHM. Model the car and person as a single body on a single spring 
and find the period and frequency of oscillation. You may find the period of this 
oscillation to be nearly 1 second which makes for a very unpleasant ride. The 
purpose of shock absorbers is to make such oscillations die out (damp). Analyze, 
qualitatively, how it is done.

CO3 L4

 5 Define simple harmonic motion. Derive the equation for simple harmonic motion 
using Hooke’s law. Explain the characteristics of SHM.

CO2 L3

6 What are damped oscillations? Give the theory of damped oscillations and hence 
discuss the case of under, critical and over damping.

CO3 L3

7 Discuss the theory of forced vibrations and hence obtain the expression for 
amplitude. Discuss the three cases.

CO2 L3

 8 In February 2004, scientists at Purdue University used a highly sensitive technique CO3 L5



to measure the mass of a vaccinia virus (like the one in smallpox vaccine). The 
procedure involved measuring the frequency of oscillation of a tiny sliver of Silicon 
(just 28 nm long) with a laser, first without the virus and then after the virus had 
attached itself to the Silicon. The difference in mass caused a change in frequency. 
We can model such a process as a mass on a spring. 

(a) Show that the ratio of the frequency with the virus attached ( to the 
frequency without the virus  is given by  , where  is the mass of the virus and  
is the mass of the silicon sliver.   Note: It is not necessary to know or 
measure the force constant of the spring.

(b)  In some data, the silicon sliver has a mass of  and a frequency of  without 
the virus and  with the virus. What is the mass of the virus, in grams and 
femtograms? 
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