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Instructions : Answer any TEN questions. All questions carry equal marks. 

[Some useful constants :electron mass m = 9.1 x w-31 kg, electron chargee= 1.6 x w-19C, 
Planck's constant 1i = 1.054 x 10.:._34 J s, velocity of light in vacuum c = 3 x 108m/ s, Bohr 
magneton J..lB = 9.27 X w-24 1/T, and leV= 1.6 X w-19] I 

1. For a finite square well potential that has four quantized levels with width a = 10 nm. 
(a) Sketch the energy levels in the finite well (b) Skecth the corresponding wavefunctions for 
x = -2a to x = f-2a and (c) Sketch the probability density for the same range of x 

2. A particle is confined to a box of length L in one dimension. It is initially in the ground 
state . Suddenly one wall of the box is moved outward making a new box of length 3L. What 
is the probability that the particle in the ground state of the new box? 

3. Find the probability of an electron with energy E = 3 e V tunneling through a triangular 
potential barrier U(x) = U0(1 - xjl) where U0 = 5 e V and l = 1 nm 

4. An electron is confined to a potential of the form 
U(x) = a2x2 for x > 0 

= oo for x:::; 0 

with a= constant. (a) What is the ene~;gy of the first excited state if the ground state energy 
of the electron in this potential has a value of 3. 5 e V? (b) Sketch the ground state and the 
first excited state wave functions. 

5. The normalized wave function for the ground state and the first excited state of a SHO 
are ¢0 (x) = (;) 114 e-ax

2
12 and 'lj;1(x) = ( 4~2 
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12 where a = n;:' . A mixed state 

¢ 01 (x, t) = [A¢0 (x, t) + B¢1 (x, t)] . Show that the expectation value of x in the mixed state 
< x >01 is in general different from zero. What values of A and B maximize < ;r: >01 and 
what values minimize it? 

6. The normalized radial wavefunction for the 2s state of the hydrogen atom is 

1 T 
R2o(r) = 2 ( )

312 
(1- -) exp( -r /2a0) 

2ao 2ao 

(a) Plot the function R20 (r) (b) At what value of r is P(r) for the 2s state a maximum? (c) 
Calculate the expectation value of the radial coordinate in this state. 

7. Plot the radial wave functions and the radial probability density functions for 3p, 3d and 
4s states for a Hydrogen atom on a relative scale. Explain why 4s states are filled up before 
4d states. 



8. In a particular Stern-Gerlach experiment hydrogen atoms in their ground state fDOve with 
speed Vx = 1.5 km/s. The magnetic field is in the z direction and its maximum gradient is 
given by d!z = 600 T /m. (a) Find the maximum acceleration of the hydrogen atoms. (b) 
If the region of the magnetic field extends over a distance ox= 75 em, find the maximum 
separation between the two lines. 

9. Find out which of the following transitions are forbidden by the selection rules : 
2 

D312 --t 
2 

P112 3 P1 --t 
2 S112 3 F3 --t 3 P2 4 F1 12 --t 4 Ds;2 

10. Find the minimum magnetic field needed for the Zeeman effect to be observed in a 
spectral line of 400 nm wavelength when a spectrometer whose resolution is 0.01 nm is used. 

11. The wavelengths of the yellow doublet components of the N a line caused by the transition 
3P --t 3S are equal to 589.0 and 589.6 nm. (a) Calculate the energy difference between the 
two lines in e V. (b) Show the additional splittting of these levels in presence of externally 
applied weak magnetic field. Sketch all the allowed transitions. 
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