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[some useful constants: electron mass m = 9.lxl0-31 kg, electron chargee= 1.6xl0-19 C, 
Planck's constant n = 1.054x10-34 Js, velocity of light in vacuum c = 3x108 m/s, Bohr 
magneton ps = 9.27xl0-27 J/T and 1 eV = 1.6xl0-19 J] 

1. A particle of mass m is contained in a 1 D impenetrable box extending from 
x = -L/2 to x = + L/2. The particle is in the ground state. The walls of the box are 
then moved outward instantaneously to form a box extending from -L ~ x ~ L. 
Calculate the probability that the particle will stay in the ground state during this 
sudden expansion. 

2. A particle of energy E approaches a region where the potential suddenly rises to 
U0 so that U = 0 for x < 0 and U = U0 for x ~ 0. Calculate the reflection and 
transmission coefficients forE= 1.5U0. Plot the respective wavefunctions. 
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3. An electron of energy E approaches a barrier of height U and width d. Estimate 
the transmission coefficient for d = 0.1 nm, U = 100 e V and E = 50 e V. Sketch the 
wavefunctions in all the three regions. 

4. An electron is confined to move in the xy plane in a square infinite potential well 
whose dimensions are Lx = Ly = L. Determine the energy difference between the 
second excited state and the ground state. 

' 

5. Taking a simple harmonic oscillator with potential U =_!_mco 2 x 2 having 
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wavefunction as lfn(x) ~ fn(x)e 2" wherefn(x) is a polynomial in x, sketch the 

first four wavefunctions and the corresponding eigenvalues taking the parity as a 
guideline. 

6. A 1-D harmonic oscillator wave function is lf/(x) = Axe-hx' Find the total energy. 

Is this a ground state or a first excited state? 

P.T.O. 



7. The ground state wavefunction for electron in a hydrogen atom is 
I 

lf!(r) = g e-rfa". where r is the radial distance of the electron and a
0 

is the 
Jraa 

Bohr radius. Find the probability of locating the electron between r
1 

= ao/2 and r
2 = 3ao/2. 

8. Sketch the radial wavefunctions ( Rn1) R20 , Rw R30 and radial distribution 
c: • 2R2 2R2 2R2 r · h d 1Unct10ns r 20 , r 21 , r 30 10r atomic y rogen. 

9. Sodium, which has a single electron in the 3s state, emits doublet lines at 589.0 
nm and 589.6 nm in making transition to the ground state (which is a single level). 
What is the effective magnetic field experienced by the electron? 

I 0. Show that the first order correction to the unperturbed energy of a system is the 
expectation value ofthe perturbation in the unperturbed state. 

11. When an atom is placed in a uniform magnetic field Bext, the energy levels are 
shifted. Write down the first-order perturbation energy expressions for "normal" 
and "anomalous" Zeeman effect in terms of "good" quantum numbers. Explain 
briefly the effects and their consequences. 

12. Show how exchange of indistinguishable particles leads to symmetric and anti
symmetric wavefunctions. Hence, show that two electrons with antiparallel spin 
attract each other via exchange interaction. 
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