
Atomic, molecular and laser physics. Practise question

Practise questions: Transitions between energy levels

Revelent formulas:
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where c =speed of light, T = temperature, σs = collisional cross-section, p = pressure and

ωo=centre frequency.

1. Write precise answers to the following.

(a) What is Rabi flopping?

(b) An atom is subject to electromagnetic radiation which is polarized along the

x direction and propagating in the z direction. What is the Hamiltonian of

the incident electric field and the matrix element for the transition between two

levels?

(c) Why is it difficult to produce X−ray lasers?

(d) |ψa⟩ is a ga-fold degenerate state and |ψb⟩ is a gb-fold degenerate state. What is

the population ratio Na

Nb
at equilibrium?

(e) What is the meaning of Fermi’s golden rule?

2. As a mechanism for downward transitions, spontaneous emission competes with ther-

mally stimulated emission (stimulated emission for which Plank’s radiation is the

source). Show that at room temperature (T = 300K) thermal stimulation dominates

for frequencies well below 5 × 1012 Hz, whereas spontaneous emission dominates for

frequencies well above 5× 1012 Hz. Which mechanism dominates for visible light?

3. Calculate the rates of stimulated and spontaneous emission for the 3p→ 2s transition

in hydrogen when it is inside a cavity at 1000 K.
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4. An electric field in the z-direction is increased linearly from zero. What is the probabil-

ity that a hydrogen atom, initially in the ground state, will be found with its electron

in a 2pz-orbital at a time t?

5. What is an “electric” dipole transition?

6. Examine how the A and B coefficients depend on the length of a one-dimensional

square well for the transition n→ n− 1.

7. Estimate the natural lifetime of the upper state of a spectroscopic transition if the

spectra shows a peak with a full width at half maximum of (a) 0.010 cm−1, (b) 1.5

cm−1, (c) 40 cm−1.

8. Suppose the collisional cross section is approximately equal to the cross sectional area

of the atom. Estimate the collisional lifetime for gaseous sodium atoms under STP

conditions. Radius of Na atom≈ 0.2 nm.

9. Mercury has an atomic radius of 0.17 nm. The transition at 546.1 nm has an Einstein

A coefficient of 4.9× 107s−1. Calculate the natural, Doppler and collisional linewidths

for this transition in:

(a) a low pressure lamp operating at 250o C with a pressure of 10−9 atm,

(b) a high pressure lamp operating at 500o C with a pressure of 1 atm.

10. The 629.9 nm line of neon has an Einstein A coefficient of 1.7 × 107 s−1. Find the

temperature at which the natural and Doppler linewidths will be the same in a low

pressure lamp.

October 15, 2011 2


