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Problem Set 4 Light propagation through matter and lasers

8. (a) Explain what is meant by the terms homogeneous broadening and inhomogeneous
broadening. Give two examples of cach class of broadening

(b) Describe in outline how the natural linewidth of a transition is consistent with the
Uncertainty Principle. What is the natural linewidth of a transition between two levels with
radiative lifetimes of 73 and 7,7

(c) Show that the full-width at half-maximum linewidth of a Doppler-broadened transition
is given by
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! where T is the temperature of the atoms. M their mass, and vy the frequency emitted on the
transition by a stationary atom.

9. Figure 1 shows data from measurements of the homogencous linewidth of the D (6p2P1/2 o
65281/2) and D, (6p2P3/2 = 65251/2) transitions in Cs at 894 and 852 nm respectively.
(a) Calculate the Doppler width in MHz of these transitions assuming that the temperature

_ of the Cs vapour is 21 °C, and comment on the relative magnitudes of the inhomogeneous and
‘homogeneous linewidths.
{BIEhe radiative lifetimes of the D) (6p?P;/; and Dy (6p?Py), levels are 34.75 and 30.41
yely. What is the natural linewidth of the D, and D, transitions? Is your calculated
istent with Fig. 17
the data presented to deduce the rate of increase in the homogeneous linewidth in
2 Torr~! for each of the two transitions. Explain briefly the cause of this increase in
inewidth with pressure.
is the mean collision time at a He pressure of 100 Torr for He-Cs cgllisions?

ss of Cs is 132.9g.]

Ne laser operates on several s — p transitions in neon, including the 5s — 3p
.8 nm. Under the operating conditions of the laser, the fluorescence lifetimes
.‘ wer levels are aproximately 100 ns and 10 ns respectively for this transition,
A coefficient is 107 s . Taking the upper and lower laser levels to have equal
"',- ine whether or not it is possible, in principle, for continuous-wave laser
bserved on this transition.

calculation for the 3d'%4p *Py, —» 3d"4s? Dj; transition at 510 nm in the
r, given that the Einstein A coefficient is 2 x 10° ! and the fluorescence
laser level is approximately 10 ps.

boptical gain cross-scetion of a homogencously broadened laser transition
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eshape function of the transition.
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Figure 1: Me
: Meas i
ured full width at half maximum of the homogeneously broad. ed
\'g €ned component

the D; and D, |
2 lines of Cs as a functio
8 1on of the pressure of helium (
data from A. And
. alkar and

R. B. i
Warrington Phys. Reéev. A 65 032708 (2002)).

(b) Show that f :
or the special c: s Ny
level 2 whi pecial case of a purely lifetir . SRS
o ?Vhlf:h decays only radiatively to a long-lived 1 I%C-broadcncd transiti
ection 1s given by: g-lived lower level 1 the peak

on from an upper
optical gain cross

Wh C i ¢ S
C(I‘) AO llS thC vacuum wavi l(‘llgth of the transition
C aser OpCl‘atCS on a transiti . evi f
¢ ., transition fl‘OlIl an \:(‘it(‘(i l ]
A ' ' Y : c2 electronic energy el of a d'atOmlc
molecule in which the two constituent atoms form a molecular i o T : ;
li ti ; o e lolecular bond “1th each Othel ]lis eve

l[as a ‘e me ()i 1() ns Elgcllllb‘t l"{l(h'{lthC'(1(‘,(13." “"hi(]ll is entirely on the laser transi .Ol.l at 25‘1' nml
1€ uns abIC gl‘Olllld Cl(‘ tronic l(‘\"(‘l. “"hi('ll has a lif(‘ti[n(‘ of 3 10 1 S agail;::: di

1ts constituent atoms.
ite the peak optical gain cross-section of the laser transition, assuming that it i
etime broadened. 2

level population density would be needed to provide a small signal gain of

ads to formation of molecules’in the upper
unit volume required to sustain the
Comment briefly on the

hat 10% of the power input le
leulate the minimum power input per
‘the upper level at the value calculated above.

his result.

t the gain coefficient of a homogeneously

pquation analysis to show tha
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broadened laser transition is modified by the

resence arrow-by radiati ' I '
o I ce of narrow-band radiation of total intensity

: O (w W)

ap(w ~ wp) o 2 :

1+ 1 [~(-'/, W)

where wy, is the laser frequency. Give an expression for the saturation intensity /.

: (b) Explain in physical terms why the saturation intensity depends on the detuning of the
intense beam from the centre frequency of the transition.

(c) On the same graph plot the gain coefficient as a function of frequency w:
e as measured by a weak probe beam in the absence of any other radiation;

’ 'ured by a weak probe beam in the presence of a narrow-band beam of intensity
;wo);

ared by an intense, narrow-band beam of constant intensity /,(0).

b a rate of 1.0 x 10!8 s~ cm 3. The lifetimes of the upper and lower levels are
spectively. A collimated beam of radiation enters the 2 m long amplifier with
7 1(0). The gain cross section of the medium is 4 x 1072 ¢cm? at the 400 nm

Phonochromatic beam. Calculate the intensity of the beam at the exit of the

_9 10)_\ AT A |V} Ny
-0 W2z <

case guess a solution and proceed by iteration]

terms three-level and four-level laser. Discuss

ly what is meant by the Disct
equired to achieve laser oscillation

ence in the threshold power which is r

by two mirrors of reflectivity 100% and 95%. Calculate the energy
which is necessary to achieve pulsed laser oscillation for rods 01" ru o);
5t g, 5 mm diameter, and each with an active 1£)ln conccntraglor;n A
ap bands to be at 20000 cm~! and 12000 cm for the r}lcai’ "
Br the Nd:YAG laser, you may assumc that the peak optical &

)=19 cm?.

mparc with the clectrical en

ergy which must be supplied to the
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