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1. The virial theorem provides a relation between the average value of the kinetic energy 
with the average value of the total potential energy of any system. Determine the 
form of the virial theorem for hydrogen atom in its ground state. (6] 

2. Take e-ar as a trial function and calculate the ground-state energy of hydrogen atom 
by using the variational principle. r is the distance between the electron and proton. 
a is the variational parameter. {f0

00 xne-qxdx = q:11 n > -1, q > 0) [6) 

3. The state of a Li2+ atom is given by 

1 2i fi 
w(r,O,¢) =- v'J¢42-l(r,O,¢) + S¢321(r,O,¢)- V 9'1/Jwo(r,O,¢>). 

Predict the outcome of a measurement of the energy of this system. '1/Jnzm(r, 0, <P) are 
hydrogenlike wavefunctions. [4) 

4. Calculate the energy (in eV) of three 2p -+ 1s transitions for hydrogen atom in a 
magnetic field of 104 T. (3] 

when l = 2 and mz = 1. 

6. Is Lz Hermitian? Justify your answer. 

[3] 

(2] 

7. Determine the allowed angles between the angular momentum vector and the z-axis 
when l = 2. [2] 

8. Consider the determinantal wave function 

where 'ifJ21±1 are hydrogenlike wavefunctions. Show that ii! is an eigenfunction of 
Lz = Lzl + lz2 and Bz = Sz1 + Bz2· What are the eigenvalues? Lzl and Bz1 are 
the z components of the orbital and spin angular momentum, respectively, associated 
with electron 1 while Lz2 and Bz2 are the same for el~ctron 2. (3] 

9. What is the degeneracy of the third eigenvalue of the following systems? 
(a) particle in a cubic box 
(b) particle in a ring 
(c) hydrogen atom. (3] 
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10. What happens to the energy gaps between two successive eigenvalues of the following 
systems when you go higher in energy? 
(a) particle in a one-dimensional box 
{b) harmonic O'icillator 
(c) rigid rotator 
(d) hydrogen atom. [2] 

11. What is the dimension of the normalized wavefunction of the following systems? 
(a) particle in a one-dimensional box 
(b) hydrogen atom. [2] 

12. (a) L~ll'lm1 ) =? l'lm' are the spherical harmonics. 

(b) How many nodes_are there for the vth eigenfunction of a harmonic oscillator? 

(c) Compare the uncertainty in momenta for a particle in a box with infinite wall 
and a free particle. 

{d) Give the quantum mechanical operator for the physical observable x~. [4 x 1} 

13. Write short notes (not more than 5 sentences) on 
(a) Bohr's corresponding principle 
{b) anharmonicity 
(c) stationary and non-stationary states 
(d) Fermi resonance 
(e) Born-Oppenheimer approximation. (5 X 2) 

"It is often stated that of all the theories proposed in this century. the silliest is quantum 
theory. In fact, some say that the only thing that quantum theory has going for it is that it 
is unquestionably correct." 

Michio Kaku, in Hyperspace (1995). 
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