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Results are presented of an investigation of the effect of a magnetic field and of a number of other 
factors on the kinetics of the emission spectrum of a photodissociative laser operating on the 
2 P 1/2-2 P 3/2 iodine atom transition. 

INTRODUCTION 

Experimental data on the effect of a magnetic field 
on the operation of a laser are essential for the under­
standing of the generation mechanism because by in­
fluencing this mechanism it is possible to produce rad­
iation with given parameters, e.g., given frequency, 
polarization, and output power. Some of the properties 
of the photodissociative laser in a magnetic field have 
already been described in the literature. [l,2] It is im­
portant to note at the outset that, in contrast to lasers 
using elec trical discharges in gases, in the case of the 
photodissociative laser the Zeeman effect is observed 
under more favorable conditions because the magnetic 
field does not then affect the pumping process and the so­
called optical plasma effects are absent. [3] The broad­
ening of the amplification profile in the photodissocia­
tive laser is homogeneous in character and, therefore, 
the amplification of the stimulated emission in different 
parts of the profile is due to the same atoms (if we ig­
nore their spatial distribu tion). Valleys on the am­
plified profile and the effects associated with them are 
absent. Because of the homogeneous broadening of the 
profile and the associated strong competition between 
the modes, only one longitudinal mode is generated by 
the photodissociative laser. 

On the other hand, the photodissociative laser 
operates in magnetic fields 50 < H < 15 X 103 Oe, and in 
such fields the interaction between the electronic (J) and 
nuclear (I) angular momenta of the iodine atoms with 
one another is comparable with their interaction with 
the external field. [5J The result is a nonlinear de­
pendence of the frequencies of the Zeeman components 
on the field, and a continuous variation of the transition 
probabilities between the Zeeman sublevels as the field 
increases. There is no doubt that this substantially com­
plicates any investigation of the behavior of the laser in 
a magnetic field. Moreover, because of the relatively 
rapid relaxation between the hyper fine structure sub­
levels of the 2P1/2 and 2P3 / 2 states, there is strong com­
petition between the individual hyperfine splitting com­
ponents, [l,2,BJ which is particularly noticeable in the 
magnetic field which is always present under the work­
ing conditions of the laser. 

In view of the above complications, the kinetics of 
the emission spectrum generated by a photodissocia­
tive laser in a magnetic field is not as yet fully under­
stood, and new detailed studies of this process are 
essential. In this paper we consider some of the basic 
properties of the photodissociative laser in a magnetic 
field, and attempt to explain its behavior in terms of 
the results of an earlier theoretical analysis [5J of the 
Zeeman effect in the spontaneous emission through the 
working transition of the laser. [5J 
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EXPERIMENTAL METHOD AND APPARATUS 

In each working cycle we measured the following char­
acteristics of the laser: the shape of the generated 
pulse, the polarization of the emitted radiation, the 
spectrum of the radiation, the shape of the pumping flash, 
the pressure of the working gas, and the external mag­
netic field. Three-channel spectrum detection was em-

. ployed, so that with the use of Fabry-Perot etalons we 
could avoid the overlapping of the interference orders 
and, at the same time, measure with sufficient precision 
the separation of the generated spectral components. 
The apparatus is illustrated schematically in Fig. 1. 

The working chamber, which had an internal diameter 
of 16 mm, was mounted between the poles of the electro­
magnet when a transverse magnetic field was employed, 
and along the axis of the solenoid when a longitudinal 
field was used. The ends of the chamber lay outside the 
electromagnet gap or the solenoid and were covered by 
a screen which was opaque to the pumping radiation. 
The length of the open part of the chamber was 300 mm. 
The length of the electromagnet poles was 360 mm and 
the width was 40 mm. The solenoid was 400 mm long. 
The electromagnet was supplied with direct current and 
produced a constant transverse magnetic field of up to 
7 kOe. The maximum magnetic field produced by the 
solenoid was 1.6 kOe. 

The working medium (C3F71) was pumped by special 
coaxial lamps in which the current flowed in one direc­
tion along the discharge plasma and, in the return direc­
tion, along a metal rod mounted along the axis of the 
lamp. This ensured that the magnetic field on the surface 
of the lamp (diameter 35 mm) did not exceed 50 Oe. 
This field was reached only at the beginning of the pump­
ing flash and fell to 10-20 Oe after 15-20 j.J.sec. The 
magnetic field in the chamber (which lay at a distance 
of 100 mm from the lamps) did not exceed a few oersteds 
when the laser pulse was generated. The supplies for 
the lamps were also coaxial. To increase the light out­
put of the pumping lamps we used reflectors made of 
aluminum foil. The maximum brightness temperature 
in the lamps was 13 OOooK. 

One of the laser mirrors had a constant reflection 
coefficient (r1 = 99.5%) while the reflection coefficient of 
the exit mirror was varied (r2 = 80,40, and 8%). In the 
spectrum recording system we used Fabry-Perot etalons 
with gaps of 3, 40, and 150 mm. The interference 
patterns produced by the etalons were recorded on film 
with the aid of electron-optical converters and the ap­
propriate objective lenses. The interference patterns 
from the 3 and 150 mm etalons were time scanned, 
whilst the pattern from the 40 mm etalon was recorded 
statically. The resolution limit of the 3, 40, and 150 
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FIG. I. Apparatus: I-laser chamber; 2-pumping lamps; 3-reflector; 
4, 5-resonator mirrors; 6, 7-photomultipliers; 8, 10-Fabry-Perot etalon; 
II-rotated mirrors; 12-rotated plates; 13, 14-lenses and objectives; 15, 
16-electron-<>ptical converters; 17 -cameras. 

mm etalons was 0.027, 0.002, and 5.4 x 10-4 cm-1, re­
spectively. However, it was noted in [4] that the funda­
mental restriction on the resolution of the spectral 
channels was imposed by the properties of the electron­
optical converters with the result that the maximum 
resolution achieved in practice was 1.5 x 10-3 cm-1. 

The shape of the pumping flash was recorded with 
an FEU -18 photomultiplier, whilst the shape of the laser 
pulse was recorded simultaneously by two photomulti­
pliers (FEU -28). The radiation was thrown onto the latter 
photomultipliers by- rotated plates set at the Brewster 
angle to the laser axis in mutually perpendicular planes. 
These planes were oriented so that the photomultipliers 
recorded polarized radiation in which the electric 
vectors lay parallel and perpendicular to the magnetic 
field. This has enabled us to perform a qualitative study 
of the polarization of the laser radiation as a function 
of the magnetic field. 

The constant magnetic field was measured by a 
standard Hall probe (F4354/1 magnetometer). The ex­
perimental uncertainty in the measured field was 2.5%. 

RESULTS 

When there was no magnetic field, the spectrum of 
the stimulated radiation was substantially dependent on 
the pump energy. Thus, when the gas pressure was 
varied from 1 Torr up to 135 Torr, and a sufficiently 
strong pump intensity was employed (brightness tem­
perature Tb = 104"1{) , the presence in the laser beam of 
components other than F = 3 - F = 4 could not be de­
tected. Very weak traces of a second component corre­
sponding to the F = 2 - F = 2 transition were recorded 
on the interference pattern only at the maximum possible 
pump energy under our conditions (Tb = 13 OOO"K). These 
processes were observed at pressures between 20 and 
90 Torr, since at lower pressures the necessary am­
plification probably could not be achieved for the 2-2 
component. The 2-2 intensity was lower by about three 
orders of magnitude than the intensity of the 3-4 com­
ponent. It is well known that the probability of the 
F = 2 - F = 2 transition in zero magnetic fields is only 
Slightly lower than the corresponding probability for the 
F = 3 - F = 4 transition (in fact, by a factor of 2). A 
very high overall increase above the threshold is 
achieved for generation with Tb = 13 OOOoK (gain 0.20 
cm-1, losses 0.02 cm-1), Under these conditions the low 
intensity of the laser radiation corresponding to the 
2-2 component, and its appearance near the threshold, 
can only be explained by strong competition between 
these components, which may occur as a result of the 
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sufficiently rapid relaxation of excited atoms between 
the F = 3 and F = 2 sublevels of the 2Pl/2 state.(6) 

The separation between the 3-4 and 2-2 components 
in zero magnetic field was found to be /lv = 0.460 ± 0.003 
cm-1o Using this value of /lv and the known separation 

2 (7) between the F = 2 and F = 4 sublevels of the P3/2 state, 
we can find the hyperfine structure constant for the 
2p'/2 state. The result is Al/2 = 0.222 ± 0.001 cm-1, which 
is in agreement with measurements on spontaneous 
emission. [6,9) 

Figure 2a shows oscillograms of the laser pulse in 
zero magnetic field for mutually perpendicular polar­
izations. The intensities of the two signals are roughly 
the same, showing that the radiation is unpolarized. 
Figure 2b shows the oscillogram obtained in a trans­
verse magnetic field of 100 Oe. As can be seen, there is 
a radical change. For the magnetic dipole transition 
which we are conSidering the a component (/lm = 0) cor­
responds to the upper signal, and the 1T component 
(/lm = ±1) corresponds to the lower component. It follows 
that in a magnetic field of 100 Oe the polarization cor­
responding to the a component is the predominant one. 
This relationship between the signal intensities remains 
in higher fields. In a field of 100 Oe, generation begins 
at the same time as in zero field, i.e., there is no ap­
preciable change in the threshold. However, in a field 
of 200 Oe (Fig. 2c), generation appears somewhat later 
than in zero field, and in 300 Oe the delay is 10J.l.sec, 
showing a clear rise of the threshold. Generation then 
occurs at a frequency corresponding to the F = 3 - F = 4 
transition and there is no emission due to the 2-2 
transition. With a gas pressure of 22.5 Torr and Tb = 
= 104"K, the second component appears beginning with 
350 Oe, and the intermediate situation obtains up to 440 
Oe at which the intensity of the new component is found 
to predominate. Above 450 Oe the generation is con­
fined to the second component (2-2 transition). For the 
moment, we classify the transition in accordance with 
the quantum number F since, as will be shown below, in 
fields of this order the Zeeman components of the orig­
inal lines are not too far apart and each group of com­
ponents forms a resultant profile. As before,-the polar­
ization of the radiation corresponds to the a component. 
Figure 2d shows the generation pulse in a field of 500 
Ge. As can be seen, the onset of generation is delayed 
relative to the onset in zero field. 

Figure 3a illustrates the change in the emission 
spectrum for a working pressure of 22.5 Torr as the 
transverse magnetic field is increased. The pump cor­
responds to Tb = 104"1{. The first two components, 3-4 
and 2-2, have already been discussed. All that remains 
is to note that the position of the 3-4 component re­
mains the same to within 3 x 10-3 cm-1 as the magnetic 

FIG. 2. Laser pulse oscillograms: a-H = 0; b-H = 100 Oe; c-H = 
300 Oe; d-H = 500 Oe. 
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FIG. 3. Spectrum of stimulated radiation in a transverse magnetic' 
field: a-PC,F,I = 22.5 Torr; b-points PC F 1= 22.5 Torr, PAr = 225 
Torr, crosses (and points coincident with th~m)-PC,F,I = 22.5 Torr, 
PAr = 375 Torr. 

field increases, until it disappears altogether. The 2-2 
component shows an appreciable shift in fields in excess 
of 2000 Oe. Between 800 and 2000 Oe the generated rad­
iation contains both the 2-2 component and a further 
component due to the F = 3 - F = 3 transition. Its inten­
sity at first increases, reaches a maximum between 
1000 and 1500, and then falls again. In accordance with 
the behavior of the intensity of the 3-3 component, the 
delay of the onset of generation relative to the onset 
for H = 0 decreases to practically zero at H = 1000 Oe 
and then increases again, reaching about 12 J-Lsec in a 
field of 2000 Oe. Further increase in the field results in 
a reduction in this delay which is then equal to 6-8 J-Lsec. 
In fields between 2000 and 7000 Oe, only one spectral 
component corresponding to the 2 -2 transition is gen­
erated. 

The generation of the spectral components by the 
laser working in a magnetic field depends on the gas 
pressure in the chamber. Thus, other things being equal, 
for a working gas pressure of 3.75 Torr the 2-2 com­
ponent appears in a field of 300 Oe, while at a pressure 
of 135 Torr it appears for a field of 600 Oe. When the 
total pressure is raised to 375 Torr by introducing 
argon as a buffer gas, the 2 -2 component appears even 
for 900 Oe. There is also a change in the behavior of 
the other spectral components. Figure 3b shows the 
behavior of the spectrum of the stimulated radiation, 
as the magnetic field increases, for two gas pressures, 
namely, 247.5 and 397.5 Torr. Argon is used as the 
buffer gas. The pumping level again corresponds to 
Tb = 104~. The generated radiation contains a further 
spectral component whose position corresponds to the 
crossing of the shifted group of lines due to the 3-4 
transition with the group of lines due to the 2-1 transi­
tion (see(S)). The appearance of this new component is 
accompanied by a change in the polarization of the laser 
beam. The intensity corresponding to the (J component is 
reduced, whilst that in the 1f component increases sharply. 

When the longitudinal field is applied to the active 
medium, the signals from the two photomultipliers re­
cording the different polarizations become equal in 
strength. This occurs because the polarization of the 
output radiation is now circular and corresponds to the 
grouPs) of TT comp?n~nts of the F = 3 .- F = 4 transition 
(see ). The radIation frequency ShIftS continuously as 
the field strength increases. In a field of 800 Oe, the 
generated radiation contains a further component, the 
position of which shows that it corresponds to the group 
of 1f- components of the F = 2 - F = 1 transition. These 
components are present up to 1200 Oe. In higher fields 
the laser radiation contains only the lines correspond­
ing to the group of 1f - components of the F = 2 - F = 1 
transition. Figure 4 shows the spectral composition of 
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FIG. 4. Spectrum of stimulated 
radiation in a longitudinal magnetic 
field, PC,F,I = 22.5 Torr 
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the laser radiation in a longitudinal magnetic field and 
working-gas pressure of 22.5 Torr. As the pressure in­
creases, the F = 2 - F = 1 components appear at still 
higher values of the magnetic field. 

Let us now consider the time dependence of the com­
ponents which are present simultaneously in the laser 
beam. Figure 5 shows the interference patterns re­
corded by time scanning when both the 2-2 and the 3-3 
components were present. The field is transverse and 
varies between 1000 and 2000 Oe. The field strength de­
termines the time of simultaneous generation of the 
components and their intensities. While in a field of 
1000 Oe the intensities of the components and the gen­
eration times are comparable, in fields of 15 000 and 
20000e the 3-3 component is clearly weaker and the 
time for which it is present corresponds only to the 
maximum of the pumping flash. When the generation 
threshold in the magnetic field of 1000 Oe is increased 
by introdUCing losses (Fig. 5c), the competition between 
the components becomes much clearer. Correspondingly, 
by reducing the threshold or increasing the pumping 
level, we can obtain more stable generation in both com­
ponents simultaneously even for a large difference be­
tween their gains. The same type of competition and 
instability is observed in other cases of simultaneous 
participation of components in generation. 

When the magnetic field is not zero, there is a further 
type of instability which is illustrated by Fig. 5e. This 
figure shows the interference pattern for stimulated rad­
iation obtained with the 150 mm Fabry-Perot etalon. 
The pattern clearly shows a wavelength instability, which 
is stronger in fields for which there are other com­
ponents with similar gains, for field values near the 

FIG. 5. Time-scanned interference pattern for the laser radiation 
(PC,F,! = 22.5 Torr; pumping level corresponds to Tb = 104 OK, trans­
verse magnetic field, scanning time 100 ~sec); a-H = 1000 Oe; b-1500 
Oe; c-H = 1000 Oe, losses introduced; d-H = 2000 Oe; e-H = 500 Oe; 
f-H = O. For cases a, b, c, and d the Fabry-Perot separation is 3 mm and 
in the remaining cases it is 150 mm. 
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times of switching. This instability appears to have the 
same origin as the previous one. The deviation varies in 
the range 3 x 10-3 - 4 X 10-3 cm-1. The instantaneous 
line width is about 0.0015 cm-1 and there is moderate 
agreement with the value reported in(4). For comparison, 
Figure 5e shows the pattern obtained with the 150 mm 
Fabry-Perot etalon in zero magnetic field. As can be 
seen, there is now no instability. 

A change in the reflection coefficient of the exit 
mirror is found to affect, but to a lesser extent, the range 
of magnetic fields for which the simultaneous generation 
of different components is possible. 

ANALYSIS OF EXPERIMENTAL RESULTS 

To explain some of the features of the spectrum of 
the stimulated radiation generated in a magnetic field, 
we shall use the theoretical analysis of the Zeeman 
effect for the iodine transition given in(S) , where for a 

. broad range of magnetic fields calculations are reported 
of the probabilities of the strongest Zeeman components 
and of the complete frequency spectrum for the 2P1 /2 
- 2p 3/2 transition. 

In the case of fast collisional relaxation over the 
Zeeman sublevels of the upper and lower states, all 
transitions which correspond to particular hyperfine 
structure components which are close in frequency (the 
separation between neighboring frequencies is not greater 
than the broadening of the individual transition) and have 
the same polarizations can be summed, and this yields 
the resultant gain curve for each polarization, which is 
determined by the probabilities of the individual Zeeman 
components. It can readily be shown that this resultant 
gain curve for transition between one of the sublevels of 
the 2P1/2 state :with particular F and the 2P3 /2 state which, 
because of the fast relaxation between its sublevels, (6) 

is considered to be degenerate and common to all the 
spectral components, can be written in the following 
form 

k,,(oo)= 2ltoo~oo [n2 +n. _~] ~ 1 (mllllm') I' 
3lte g,+g. g, ~(OO-OOOi)'+(~oo)'/4' 

k2!(oo)=~[n,+n. _~] ~ l(ml~lm')I' 
3lte g,+g. g, ~(oo-oo")'+(~oo)'/4' 

where 
n,+n, 

n,=--g, 
g2+g, 

n,+n, 
n,=--g, 

g2+g. 

(1) 

is the total population of the Zeeman sublevels of states 
with F = 3 and F = 2 in the upper working level 2p1(2' 
g3 = 7 and gz = 5 are their statistical weights (it is as­
sumed that the population of the states is proportional 
to the static weights), n1 and gl = 24 are, respectively, 
the population and statistical weight of the lower working 
level 2p 3/2' and 1 (m 1 P-I m') 12 are the squares of the 
moduli of matrix elements which determine the transi­
tion probabilities between the individual Zeeman sub­
levels and the intenSity at the center of the line 

~oo 
",(00)= , , 

. (00-000;) +(~oo) 14 

for each Zeeman component. 

It is clear from the above expressions that the 
amplification coefficients differ from one another only 
by the values after the summation sign. Therefore, the 
construction of the resultant gain curves for the corre-
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sponding groups of Zeeman components and their com­
parison can be carried out in relative units, without the 
use of the true level populations. The line width of an 
individual Zeeman component, which is necessary for 
the determination of the resultant profile, was taken 
from the paper by Zuev et al., (9) but this resulted in an 
.appreciable discrepancy between theory and experiment. 
In subsequent calculations we therefore used the line 
width obtained from our own data, using the observed 
equality of the amplification coefficients for the groups 
of a components of the hyperfine transitions F = 3 - F 
= 4 and F = 2 - F = 2 at the time of switching, and the 
dependence of this time, i.e., the switching field on the 
gas pressure or, in the final analysis, on the width of the 
individual Zeeman component. 

These calculations have shown that the amplification 
coefficients for the above groups of a components can be 
equal only for a certain definite width of the Zeeman 
component. Thus, for a pressure of 22.5 Torr the line 
width of the emitted radiation was found to be 0.015 
± 0.0012 cm-1. This figure is obtained by combining two 
profiles, namely, a Lorentz and a Doppler profile. The 
Doppler broadening ~I'D = 0.011 ± 0.001 cm-1 was taken 
from our previous measurements (9) and corresponds to 
a medium temperature of 530 ± 100oK. Collisional broad­
ening was chosen so that the resultant profile ensured 
that the amplification coefficients for the corresponding 
groups of Zeeman components were equal for the re­
quired value of the magnetic field. It was found that 
~vL = 0.007 ± 0.0005 cm-1 which is lower by a factor of 
about two than the result reported in (9) 

Similarly, one can determine the emission line width 
of an individual Zeeman component when the gas pressure 
is increased by adding inert gases. Thus, at such 
pressures (200-300 Torr), the profile is of the purely 
Lorentz shape. It is then unnecessary to carry out the 
above combination of profiles and the problem is much 
simpler. For gas pressures of 247.5 Torr (22.5 Torr 
C3F7I and 225 Torr Ar), the line width was found to be 
0.07 ± 0.005 cm-1, which meant that the broadening due 
to collisions with the argon gas exceeded by a factor of 
1.5 the value obtained in (9). If xenon is used as the added 
gas (total pressure 172.5 Torr, working gas pressure 
22.5 Torr), the line width is found to be 0.60 ± 0.005 cm-1. 
The resultant gain curves obtained on the basis of the 
above line widths are in good agreement with experi­
ment and can be used to explain many of the properties 
of the spectrum of stimulated radiation in the presence 
of a magnetic field. Thus, the measured frequencies 
shown in Fig. 3 (transverse field) and Fig. 4 (longitud­
inal field) are in good agreement with amplification 
maxima on the corresponding resultant curves shown 
by the solid lines for those values of the magnetic field 
for which these frequencies are present in the laser 
beam. Broken lines show the situation when they are 
not present in the stimulated emission under our con­
ditions. Deviations which cannot be seen because of the 
frequency scale of Figs. 3 and 4 lie within the limits of 
experimental error. 

Comparison of the amplification maxima on different 
resultant profiles, shown for the strongest groups of 
Zeeman components in Fig. 6 (transverse field) and Fig. 
7 (longitudinal field), establishes a close correlation be­
tween their behavior in varying magnetic field and the 
spectral composition of the laser radiation. Thus, in 
complete agreement with experiment in the case of low 
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magnetic fields, the gain for the group of (J components 
of the F = 3 - F = 4 transition is much greater than the 
gain for the other spectral components. However, this 
quantity very rapidly decreases because, as the field 
increases, the corresponding Zeeman components of the 
F = 3 - F = 4 transition separate to distances compar-

Under the above assumption of rapid collisional re­
laxation over the Zeeman sublevels of states with def­
inite F, the kinetic equations for the atomic populations 
under our conditions can be written in the same form 
as for a laser in zero magnetic field (6) 

. k g. (N N)· (+ g. )'N ph g. N' ph N31 = f - -N.. II - Zt - COal 1 - un't - CO'21- 21n 21,. 
g. g, g, 

where 

N" = n, / g, - n, / g" N" = n. / g. - n, / g" N, = n, / g" 

nph and nPh are the densities of photons with corre-31 21 
sponding frequencies, k = (av)(& + g3)/&g3 is a constant 
whi~h governs the rate of transition between the excited 
states with F = 3 and F = 2 during collisions with un­
excited iodine atoms, 1/R is the lifetime of a photon in 
the resonator, 

and (J31 and (J32 are the corresponding gain cross sections 
calculated for the required fields. The pump pulse is 
assumed to have the triangular form 

f(t) =at, 0";;; t.,;;; To, 

t( t) = 2aT, - at, To";;; t";;; 2To, 

able with the line width, and the contribution of each where t = To corresponds to the pulse maximum. 
Zeeman component to the gain at the central frequency 
of the resultant profile falls much more rapidly than for If (J31 > (J21' then N;~ < N!f and generation begins on 
the ![OUP of (J components of the 2-2 or 3-3 transitions the 3-1 transition. Assuming that for a strong transi-
(see ). Moreover, since the fields which we are con- tion we can set N31 = 0, N31(t) = N~, we obtain the equa-
sidering are intermediate, an increase in the field is tion for N21 (t) which we shall solve subject to the initial 
accompanied by a continuous change in the intensities condition N21 (to) = N1P. Here, to = (2N~p/a)1/2 is the be-
of the Zeeman components: for the group of (J com- ginning of generation from the strong transition. The 
ponents of the 3-4 transition they rapidly fall, while for . resulting equation for N21 (t)iN1P = cp(t) can be written 
the group of the (J components of the 2-2 and 3-3 transi- in the form 
tions they gradually increase. (5) As a result, the gain for 
the group of (J components of the 2 -2 transition and then 
for the 3-3 transition, too, becomes higher than for the 
corresponding group of (J components of the 3-4 transi­
tion. We have thus reproduced all the changes in the 
spectral composition of the stimulated radiation which 
occurred when the magnetic field was increased. It is 
clear that analogous changes in the spectral composition 
are observed in the photodissociative laser when the 
uncompensated magnetic field due to the pumping source 
varies substantially during the generated pulse. 

The ratio of the values of the amplification coef­
ficients for which simultaneous generation of different 
groups of Zeeman components is still possible does not 
exceed 1.2 under our conditions with Tb = 104"K. It is 
clear that this ratio is determined by the ratio· of the 
rate of relaxation between sublevels of the upper state 
2p 1/2 with different F, and the probability of stimulated 
emission which is determined by the output power of the 
laser which, in turn, is very dependent on the pumping 
level. If we know the pumping energy, the output power, 
the generation threshold, and the ratio of the amplifica­
tipn coefficients for which simultaneous generation of the 
different components is still pOSSible, we can try to 
estimate the relaxation which occurs between the two 
upper sublevels. 
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<j>=0.77 t~) +D['P'+ 0.4q>-1.4-('P- 1) 2;! Ct(t')dt'1, 
N:n Na, ~ 

(3) 

D _ g, < )N th g. + g, 
'P (to) = 1. - --- av .. ---

g, + g. g'/J' 

Computer solutions of Eq. (3) for different values of D 
are shown in Fig. 8. 

U sing the fac.t that the ratio N 21 (t) iN}p, for which the 
weak component appears in the generated radiation, is 
equal to 1.2, we find the corresponding value of D. Tak­
ing as the criterion the increase above 1.2 for a certain 
minimum time (a few microseconds, see Fig. 5d), we 
find that D i'::; 1.7 X 105 • Hence, we find that (av) i'::; 1.08 
x 10-9 cm3/sec, which differs somewhat from the theoret­
ical estimate (av) = 1.5 x 10-9 cm3/sec given in(6). 

Using the calculated value of k, we find that CPmax 
in zero magnetic field with Tb = 104"K amounts to 1.46, 
i.e., the generation threshold for the 2-2 component is 
not reached. Therefore, under these condi tions this 
component could not be observed. As the pump energy 
is increased, higher values of cp exceeding even 2.3 are 
achieved. As a result, the 2-2 component may appear 
even for zero magnetic field and this did, in fact, occur 
in our experiment with Tb = 13 OOOoK for which we 
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FIG. 8. Plot of the function <p = N21(t)/N~P. 

observed weak traces of this component because the 
pumping energy was still insufficient. By using higher 
pumping levels it is probably possible to establish con­
ditions for stable generation of the weak component in 
zero magnetic field, observed in[61. A substantial in­
crease in the pumping level is accompanied by a change 
in the spectral composition of the laser radiation when 
the magnetic field is present. However, these changes 
occur in complete accordance with the amplification 
coefficients given in Figs. 6 and 7 for the different 
groups of components. 

The above theoretical analysis does not explain some 
of the observed features of the weak component as a 
function of time (Figs. 5a, b, c, d), i.e., its multiple 
appearance during the laser pulse. This is probably 
connected with the fact that when the equations were 
solved, we did not take into account the relaxation 
of the ground state of the iodine atom, which is not 
negligible. UO,lll 

CONCLUSION 

We have investigated the behavior of the spectrum 
of stimulated radiation in different magnetic fields, in­
cluding zero field, and have determined experimentally 
the hyperfine structure constant for the upper working 
level of the iodine atom, A 1 / 2 • We have also found the 
line broadening for the working transition of the iodine 
atom during collisions with C3F 71 molecules and the 
atoms of argon and xenon, which can be used to determine 
the corresponding broadening cross sections and the 
van der Waals constants for the interactions between the 
iodine atom and the gases. The calculated frequencies 
and amplification coefficients for the strongest groups of 
Zeeman components have enabled us to explain the be­
havior of the spectrum of stimulated radiation in a vary­
ing magnetic field. We have estimated the relaxation 
between sublevels of the upper working state 2P1 /2 with 
different F. 

The above study of the spectral composition of stim-
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ulated radiation due to the 2p 1/2 - 2p 3/2 transition in the 
iodine atom has shown that the radiation kinetics of the 
above laser which is a complicated spectral system, 
depends on ~any factors such as the magnetic field, 
working gas pressure, and pumping energy. The char­
acteristics of the laser beam are determined not only 
by the chemical reaction kinetics but also by the struc-. 
ture of the upper and lower states involved in the transl­
tion and vary even during the laser pulse. This must 
be t~en into account when different kinetic models are 
set up for the iodine photodissociative laser. More de"" 
tailed analyses of the laser spectrum in a magnetic field 
will have to take into account the kinetics of populations 
of all the sublevels involved in the particular transition. 

The authors are greatly indebted to N. N. Rozanov 
for useful discussions. 
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