
Modern Physics: PHY-104 Spring Semester 2013

Tutorial on Quantization and role of Temperature

1. (a) Consider H atoms at room temperature. What fraction of atoms would be in the

first excited state?

(b) Suppose you are 300, 000 years after the big bang. The temperature is 3000 K.

What fraction of atoms are in the first excited state?

(c) Can you think of other ways of enhancing the first excited state population, at

more reasonable temperatures?

2. What wavelength of radiation is necessary to ionize hydrogen?

3. Investigate the concept of reduced mass.

4. The angular momentum of the diatomic molecule KC` is quantized according to L2 =

`(` + 1)~2, where ` is an angular momentum quantum number. The ` = 1 → ` = 0

rotational transition in the lowest electronic state of the KC` molecule has a wavelength

of 43.3 mm. Estimate the rotational inertia of the KC` molecule and the equilibrium

separation of the atoms. The mass of the K and C` atoms are approximately 39 and

35 times the mass of the proton. (mass of the proton= 1.67× 10−27 kg.)

5. A certain material is kept at very low temperature. It is observed that when photons

with energies between 0.2 and 0.9 eV strike the material, only photons of 0.4 eV and

0.7 eV are absorbed. Next the material is warmed up so that it starts to emit photons.

When it has been warmed up enough that 0.7 eV photons begin to be emitted, what

other photon energies are also observed to be emitted by the material? Explain briefly.

6. Assume that an artificial atom has just four quantum states, with the following ener-

gies:

−1.0 eV (third excited state)

−1.8 eV (second excited state)

−2.9 eV (first excited state)

−4.8 eV (ground state).

(a) Suppose that a material containing many such atoms is hit with a beam of ener-

getic electrons, which ensures that there are always some atoms in all of these states.

What are the six energies of photons that could be strongly emitted by the material?
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(b) Next, suppose that the beam of electrons is shut off so that all of the objects

are in the ground state almost all the time. If electromagnetic radiation with a wide

range of energies is passed through the material, what will be the three energies of

photons corresponding to missing (dark) lines in the spectrum? Remember that there

is hardly any absorption from excited states, because emission from an excited state

happens very quickly, so there is never a significant number of objects in an excited

state. Assume that the detector is sensitive to a wide range of photon energies, not

just energies in the visible region. List the dark-line energies.
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