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⋄ Answer all the questions.

⋄ Write the solutions expliitly and learly.

Use the physial terminology.

⋄ Calulator is allowed.

⋄ You are not allowed to use any other

eletroni equipment in the exam.

Question Grade Out of

1A 10

1B 10

2 30

3A 10

3B 10

4 20

5A 10

5B 10

TOTAL 110
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1. A) The work funtion of a tungsten surfae is 5.4 eV. When the sur-

fae is illuminated by light of wavelength 175 nm, the maximum

photo-eletron energy is 1.7 eV. Find Plank's onstant from these

data.

B) An eletron has a de Broglie wavelength equal to the diameter of

the hydrogen atom. What is the kineti energy of the eletron?

How does this energy ompare with the ground-state energy of

the hydrogen atom?
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2. An x-ray of wavelength 0.050 nm satters from a gold target.

a) Can the x-ray be Compton-sattered from an eletron bound by

as muh as 62 keV ?

b) What is the largest wavelength of sattered photon that an be

observed?

) What is the kineti energy of the most energeti reoil eletron?
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3. A) A partile of harge q and mass m is aelerated from rest through

a small potential di�erene V.

a) Find its de Broglie wavelength, assuming that the partile is

nonrelativisti.

b) Calulate λ if the partile is an eletron and V=50 V.

B) A proton has a kineti energy of 1.0 MeV. If its momentum is

measured with an unertainty of 5.0%, what is the minimum un-

ertainty in its position?

3



4. An atom in an exited state normally remains in that state for a very

short time (∼ 10−8 s) before emitting a photon and returning to a

lower energy state. The "lifetime" of the exited state an be regarded

as an unertainty in the time ∆t assoiated with a measurement of the

energy of the state. This, in turn, implies an "energy width", namely,

the orresponding energy unertainty ∆E. Calulate

a) the harateristi "energy width" of suh a state,

b) the unertainty ratio of the frequeny ∆ν/ν if the wavelength of

the emitted photon is 300 nm.
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5. 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?
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B) The eletron in a hydrogen atom at rest makes a transition from

the n=2 energy state to the n=1 ground state. Find the wave-

length, frequeny, and energy (eV) of the emitted photon.
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