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⋄ Answer all the questions.

⋄ Write the solutions expliitly and learly.

Use the physial terminology.

⋄ You are allowed to use Formulae Sheet.

⋄ Calulator is allowed.

⋄ You are not allowed to use any other

eletroni equipment in the exam.

Question Grade Out of

1A 15

1B 15

2 20

3 20

4 20

5 20

TOTAL 110
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1. A) Show that the speed of an eletron in the nth
Bohr orbit of hy-

drogen is αc/n, where α is the �ne struture onstant, equal to

e2/4πǫ0h̄c. What would be the speed in a hydrogen-like atom with

a nulear harge of Ze?

B) Draw an energy-level diagram showing the lowest four levels of

singly ionized helium. Show all possible transitions from the levels

and label eah transition with its wavelength.
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2. Find the probability that a partile in a box L wide an be found

between x = 0 and x = L/n when it is in the nth
state.
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3. Calulate the probability that the eletron in the ground state of hy-

drogen will be found outside the �rst Bohr radius. Hints: Use the table

at over page and integral;

∫
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eax
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4. i List the six possible sets of quantum numbers (n, l, ml, ms) of a

2p eletron.

ii Suppose we have an atom suh as arbon, whih has two 2p ele-

trons. Ignoring the Pauli priniple, how many di�erent possible

ombinations of quantum numbers of the two eletrons are there?

iii How many of the possible ombinations of part (ii) are eliminated

by applying the Pauli priniple?

iv Suppose arbon is in an exited state with on�guration 2p13p1.
Does the Pauli priniple restrit the hoie of quantum numbers

for the eletrons? How many di�erent sets of quantum numbers

are possible for the two eletrons?
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5. i The ionization energy of Li is 5.4 eV and the eletron a�nity of

hlorine is 3.61 eV. The Madelung onstant for the LiCl struture

is 1.748 and the distane between ions of opposite sign is 0.257

nm. On the basis of these data only, ompute the ohesive energy

of LiCl.

ii The observed ohesive energy of LiCl is 6.8 eV per ion pair. On

the assumption that the di�erene between this �gure and that

obtained in (i) is due to the exlusion-priniple repulsion, �nd the

exponent n in the formula Br−n
for the potential energy arising

from this soure.
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