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Q.1 (15 points)

(a) An atom of silver has a closed 3d and 4d subshells. Which subshell has the greatest number of electrons? Explain. (1 point)

(b)  How many subshells are in the n = 4 shell? Explain.(2 points)
(c) If we double the width of a one-dimensional infinite potential well, by what factor is the energy of the ground state of the trapped electron multiplied? Explain. (1 points)

(d) Draw the three smallest waves functions
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and the corresponding probabilities
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for an electron in an infinite one dimensional potential well of width L. (3 points)
(e) Consider the elements Krypton (Kr) and Rubidium (Rb). Which one is more suitable for use in the Stern and Gerlach experiment? Explain. (1 points)

(f) Draw a diagram showing the K, L and M x-ray lines. (2 points)
(g) What concept did Edwin Hubble use to confirm that most galaxies are moving away from us and that the universe is expanding? (1 point)
(h) Why is the frequency of vibration of a molecule not present in the experimental rotational-vibrational spectrum? (1 point)

(i) What are the different bonding mechanisms in solids? Give an example in each case. (3 points)

Q2. (10 points) 

The work function of potassium is 2.25 eV. 
(a)
What is the longest possible wavelength of light that can eject electrons from potassium? 



(b) What is the maximum possible kinetic energy of the emitted electrons when light of wavelength 400 nm shines on potassium? 



(c) What is the speed of these emitted electrons? 
(d) What is the de Broglie wavelength of the emitted electrons? 

Q3. (10 points)
Consider a hydrogen atom in the 5d state. 
What is the value of n for this state? 

(a) What is the value for l? 

(b) What are the possible values for ml? 

(c) What is the magnitude of the total angular momentum? 

(d) What are the minimum and maximum angles between the orbital angular momentum and the z-axis. 

Q4. (5 points)

A radium isotope decays to a radon isotope 222Rn by emitting an  particle according to the reaction scheme
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. The masses of the atoms are 226.0254 (Ra), 222.0175 (Rn) and 4.0026 (He). How much energy (in eV) is released as a result of this decay?
1u = 1.66 x 10-27 Kg.
Q5.  (10 points)

The effective nuclear charge experienced by an M (n = 3) electron in an atom of atomic number Z is about (Z-7.4)e. 
(a) Find an expression for the L photon energy.

(b) Find an expression for the K photon energy.

(c) Find the wavelength of the L line in the case of molybdenum with Z = 42.

Q6. (20 points)

Neglecting the spin-orbit interaction in a strong magnetic field of 5 T, determine the wavelengths of the lines resulting from the 2p to 1s transition (
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) in hydrogen due to the anomalous Zeeman effect. For that

(a) Draw an energy diagram and label each level with its ml and ms value.
(b) Use the selection rule to draw the frequencies of all the possible transitions.
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(c) Calculate the angular frequency 
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 of the original transition and the frequencies of the additional lines due to the presence of the magnetic field.

Q7.  (10 points)

(a) Determine the energy separation between the 5th and the 6th rotational energy level for H2 molecule, whose equilibrium separation is 
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(b) Infrared radiation of wavelength 3.465 m is strongly absorbed by HCl gas. What is the force constant for an HCl molecule (uH = 1 and uCl = 35).

Q8. (10 points)

An aluminum wire of cross-sectional area 2 cm x 2 cm carries a current of 10 A. The density of copper is 2.70 g/cm3 and its molar mass is 26.98 g/mole. Each atom of aluminum contributes two free electrons to the body of the material.
(a) Find the number of conduction electron per cm3.

(b) What is the drift velocity?

(c) Find the electron mean free time assuming a mean free path of 1.5 Angstrom. Take the material to be a room temperature (T = 300 K).

(d) Find the electrical conductivity of the material.
Q9.  (10 points)
The NaCl crystal has a potential energy given by
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where 
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= 1.75 is Madelung constant and A is a positive constant.
(a) What are the physical meanings of the two terms in the above relation?

(b) Let r0 be the value of the ionic separation when and U is minimum. Use this definition to find an equation that relates r0 to A, and use this to write U in terms of r0 and call it U0. For NaCl r0 = 0.281 nm. Obtain a numerical value (in eV) for U0.
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