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WRITE CLEARLY YOUR ANSWERS
Essay type questions
(a) Describe briefly the Stern-Gerlach experiment and what the outcome of that experiment was? (2 point)
(b) Explain the origin of the spin-orbit coupling. (2 points)
(c) Discuss the mechanisms responsible for the different types of bonds that can occur to form solids. (3 points)
(d) Explain the similarities of electrical conduction and thermal conduction in metals.        (1 point)
(e) Why is the classical free electron model of electrical conduction not correct? (1 point)
(f) What is the significance of the Frank-Hertz experiment? (1 points)
(g) Explain the “Bohr correspondence principle”? (1 point)
(h) How does the Compton effect differ from the photoelectric effect?  ( 1 point)
(i) Explain why not all the emission lines of an element are seen in the absorption spectrum of the same element. (1 point)
(j) Is light a wave or a particle? Support your answer by citing specific experimental evidence. (2 points)
(k) An electron and a proton are accelerated from rest through the same potential difference. Which particle has the longer de Broglie wavelength? Explain. ( 1 point)
(l) If matter has a wave nature, why is this wave-like character not observable in our daily experiences? Give an example to support your argument. (1 point)
(m) Draw the wave function and the corresponding probability for a particle in a one-dimensional infinite square well in its first excited state. (2 points)
Problem type questions



SHOW THE DETAILS OF YOUR WORK
Q1. (10 points) 

(a)
Show that Moseley’s law for KX-ray radiation may be expressed as 
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(b) Calculate the energy, in eV, of the Ktransition in copper (Z = 29).

Q2. (10 points)

(a)
Calculate the moment of inertia, I, of CO molecule about an axis perpendicular to the 

bond axis and passing through the center of mass. 




Given:
the bond length r0= 1.128 
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, mass atomic of C = 12u, and that of O = 16u. 
(b) Calculate the wavelength of the photon absorbed by the molecule for a transition from     l = 2 to l= 3 energy level, where l is the rotational quantum number. 
Q.3 (10 points)

The figure shows a portion of the absorption spectrum of HBr molecule. From the spectrum determine

(a) The energy of the “missing” transition, and hence the vibrational frequency.
(b) The effective force constant k.

(c) The rotational energy spacing of the peaks and compare with the expected (theoretical) value for HBr molecule. (r0 for HBr = 
Q.4 (5 points)

One description of the potential energy of a diatomic molecule is given by the Lenard-Jones potential, 
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where A and B are constants. Find, in terms of A and B 
(a) The value the equilibrium separation r0.

(b) The energy U0 required to break up a diatomic molecule.
(c) Evaluate r0 in meters and U0 in eV for the H2 molecule. In your calculations, take A = 0.124 x 10-120 eV.m12 and B = 1.488 x 10-60 eV.m6.

Q.5  (10 points)
The spin-orbit effect splits the 3p
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4s transition in sodium into two lines, one having a wavelength of 589.0 nm and the other having a wavelength of 589.6 nm.


(a) Draw a diagram showing the two transitions

(b) Calculate the effective magnetic field experienced by the outer electron in the sodium because of its orbital motion. 
Q.6  (10 points)
Consider an electron in an atom to be in a state with l = 1 and j = 3/2. 


(a) Calculate the angle between the orbital and the spin angular momenta 
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(b) Calculate the magnitude of the magnetic moment vector 
[image: image8.wmf]m

r

.

Q.7  (10 points)
The normalized ground state wavefunction for the electron in the hydrogen atom is   
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where r is the radial coordinates and a0 is Bohr radius.

(a) Sketch the wavefunction versus r.

(b) Show that the wavefunction is normalized.

(c) What is the probability of finding the electron between r and r+dr?

(d) Determine the radius at which the electron is most likely to be.

Q.8 (5 points)

One of the most prominent spectral lines of calcium is the one with wavelength  = 4227.73 A (from p
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s). Calcium atoms exhibit normal Zeeman effect when placed in a uniform magnetic field of 4 T. Calculate the wavelengths of the three components of the normal Zeeman pattern an the separation between them.


Q.9  (5 points)
(a)
Calculate the ionic cohesive energy for KCl. Take 
[image: image11.wmf]a

=1.7476, m =9, and r0 = 0.314.
(b)
Calculate the atomic cohesive energy of KCl by using the fact that the ionization energy of K is 4.34 eV and that the electron affinity of Cl is 3.61 eV.
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