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An analytic relation between the luminescence drops due to stimulated emission and effective radia
tion cross section, excitation transfer rate between the active ions, photon flux, and other laser 
parameters is established on the basis of kinetic equations for the integral and spectral populations 
of an inhomogeneously broadened metastable level of the active laser medium. Experimental data 
are obtained for NdS+ ions in various matrices by observing luminescence drops directly in the 
laser or in a small external active specimen irradiated by auxiliary laser. 

INTRODUCTION 

THE behavior of luminescence from an active material 
exposed to its own or to an external coherent radiation 
has been the object of steadily increasing attention 
during the recent years [1-SJ. This is first of all due to 
the fact that the nature of the luminescence drop, i.e., 
of the luminescence intensity decrease caused by a 
portion of the excited particles participating in stimu
lated emission, depends on such important laser 
parameters as effective cross section of stimulated 
emission, type of spectral line broadening, rate of ex
citation transfer between active particles, radiation 
energy, losses, etc., and it is possible to determine the 
role played by each such factor through suitable experi
mental arrangement. However the majority of the noted 
research efforts either deal with individual aspects of 
the problem or are qualitative in nature. On the other 
hand, as we show below, the kinetic equations describ
ing population changes in the laser allow us to obtain 
the relation between the luminescence drops and the 
majority of the above laser parameters in a conven
ient analytical form, and to select and design suitable 
experiments. 

Figure 1 shows the basic diagram of the experi
mental setup for the investigation of luminescence 
drops in lasers using neodymium glass as the active 
medium. Figure 2 shows typical oscillographic traces 
of neodymium ion luminescence in the absence and 
presence of free-running operation. The fundamental 
assumption used throughout this work is that the 
luminescence intensity observed in the setup shown in 
Fig. 1 is proportional to the population of the 4F 3; 2 

metastable level of Nd3+. The measures necessary to 
accomplish this as well as the experimental details 
and results are given in the appropriate section of this 
paper. 

BEHAVIOR OF WORKING-LEVEL POPULATION 
DURING FREE-RUNNING OPERATION OF A LASER 

Our investigation begins with analysing the behavior 
of the spectral and integral populations of an inhomo
geneously broadened working level of a laser in free-
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FIG. 1. Diagram of setup for the observation of luminescence from 
an active laser medium. !-nontransparent mirror, r1 = I; 2-output 
mirror, r2 = 0.7; 3-laser reflector; 4-diaphragm d = 4 mm; 5-beam 
splitter plate; 6-calorimeter; 7-blocking filter for 71. = 1.06p; 8-lens; 
9-diaphragm d.., I mm, placed in the focus of lens 8; I 0-DMR-3 
monochromator; 11-photomultiplier; 12-oscilloscope; the input chan
nel in the upper part of the diagram is used to measure F in the presence 
of a frequency selector in the laser resonator. 

running operation according to a four-level scheme. 
These populations are denoted respectively by 
n < u ( v t) and rt 11 ( t) in the absence of generation and 
by n< 21(v, t) and N< 21 (t) in the presence of generation. 

The equation describing the spectral density behav
ior of the population n< 21 (v, t), assuming weak pumping 
and zero population of the lower working level, has the 
form[6 ' 71 : 

cm<2>(v, t) 
dt 

W(t)N0g(v, v0)- A0n<2>(v, t) (1) 

- n<2>(v, t). a;/(v, v')J(v', t)dv' + F(np (v, t)- n<2>(v, t)], 

where <1i is the stimulated emission cross section of 
the luminescence center, f(v, v') is the luminescence 
line shape of this center with a natural frequency 
v = v', I( v', t) is the spectral density of photon flux in 
the laser active medium, W(t) is the probability of 
ions being pumped to the working level, No is the con
centration of active ions in the laser material, Ao 
= 1/ To is the probability of decay of the working level, 
To is the lifetime of excited ions at this level, g(v, v 0 ) 

is the equilibrium form of inhomogeneously broadened 
spectral line 

00 

J g(v,vo)dv=1, 
0 

v0 is the central frequency, F is the excitation trans-
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fer rate between the ions, and n < 2> ( 11, t) is the equili
brium spectral density of popula~ion related by defini
tion to N12>(t) by the expression 

n~"' (v, t)= g(v, v0)N!2>(t). (2) 

The instantaneous spectral population density 
n12>(11, t) can be related to ~ 2>(t) by an analogous 
expression 

n<2>(v, t) = g'(v, v0, t)N!2l(t), 

where g'(11, 11 0, t) is the nonequilibrium spectral line 
shape occurring during stimulated emission in which 

~ 

fg'(v,vo,t)dv=1. 
0 

(3) 

In the case of homogeneous broadening of the spec
tral line the integral population of the working level in 
an active laser medium in free-running operation is 
determined by the self-excitation condition and remains 
practically constant during generation[ 8l, In the case 
of inhomogeneous broadening of the spectral line the 
behavior of N< 2>(t) in free-running generation depends 
to a considerable degree on the excitation transfer rate 
F and the width of the laser generation spectrum. In 
fact, we assume that the generation occurs at the 
central frequency 110 , and the width of the generated 
spectrum is significantly less than the homogeneous 
width of the elementary center line. It is obvious that 
under these conditions the spectral population density 
at the frequency 110 and in its vicinity of the order of 
f( 11, 11') line width should remain constant during 
generation, i.e., according to (3) 

dn<2>( v0, t) 

dt 

dg'(vo, v0, t) dNC2>(t) (4) _:::c.....:_7:-.:.:.....:-N<2>(t) + g' ( Vo, Vo, t)= 0, 

whence 
dN<2>(t) 

dt 

dt dt 

N<2>(t) dg'(v0, vo, t) 

g' (vo, vo, t) dt 

It follows from (5) that in the general case for an in
homogeneously broadened line N12>(t) is a convex 

(5) 

FIG. 2. Curves of integral luminescence of 
the laser active material (A"" 0.88!-1). !-lumi
nescence in the absence of generation, I 000 
J pump level (200 J generation threshold); 
2-Iuminescence in the presence of generation 
at the same pump level, Erad"" 1.9 J, r1 = 
0.62; 3-Iuminescence in the absence of gen
eration, 180 J pump level. 

function of time passing through a maximum at the 
point in time when the depth of the spectral dip is also 
maximum. 

N< 2>(t) can be a constant only if dg'(11 0 , 11 0, t)/dt = 0. 
This is possible either when F - oo or when the laser 
generation spectrum is broad, of the order of a spec
tral line width. In both cases the presence of genera
tion fails to cause any noticeable spectral dip. 

In the papers[9 • 10l reporting on the measurement of 
the effective cross section aeff1 > of stimulated emis
sion from the 4 F312- 4Iu;2 transition of the Nd3+ ions 
in silicate glass the integral population of the 4 F 3; 2 
metastable level was assumed time-independent during 
generation; strictly speaking, this is incorrect in view 
of the above considerations. However the good agree
ment of the measured values of a eff with data reported 
elsewhere[11- 13l shows that the spectral line shape of 
Nd3+ in silicate glass little differs from the equilibrium 
line even when the generated spectral width in free
running operation is several tens of angstroms, This 
means that the integral population of the metastable 
level varies negligibly during generation under these 
conditions, a fact confirmed by direct observation of 
the behavior of N12>(t) described below. 

RELATION OF LUMINESCENCE DROP TO THE 
EXCITATION TRANSFER RATE BETWEEN IONS 

Although the time dependence of ~ 2> in the course 
of generation carries information on the excitation 
transfer rate F between ions, it is difficult to obtain 
an analytic relation between N< 2>(t) and F. This is due 
to the fact that the behavior of N< 2>(t) also depends on 
the excess over threshold, the spectral width of the 
generated signal, losses in the medium, the nature of 
spectral line broadening, etc. The transfer rate can be 
more simply related to the luminescence drop of the 

~With inhomogeneous broadening of the spectral line gain is de
termined by the quantity Ueff= alii/b., where cSi and b. are the homo
geneous and inhomogeneous widths of the spectral line respectively [6 ). 



INFORMATIONAL CONTENT OF LUMINESCENCE 855 

active medium resulting from the participation of a 
portion of the excited particles in stimulated emission. 

For this purpose, using (1) and (2), we write the 
equations for n111 (v, t), n121 (v, t), and n~21 (v, t) on the 
assumption that the frequency 11 is sufftciently far from 
the stimulated emission frequency. This permits us to 
neglect stimulated transitions in describing the behav
ior of n12>(v, t) during generation. We have 

dn(ll(v, t) 
dt 

W (t)N0g(v, v0)- A0n(ll(v, t), (6) 

dn<2>(v, t) 
dt 

W(t)N0g(v, v0)- A0n<2>(v, t) + F[n~2> (v, t)- n<2>(v, t)], 
(7) 

dnpc21 (v, t) (2) W(t)N0g(v,vo)-Aonp (v,t) 
dt 

-g(v,vo) Jn<2>(v,t)dv J cr;/(v,v')l(v',t)dv'. (8) 

Subtracting (8) from (7) and from (6) and introducing 
the notation 

~n(v, t)= n<1>(v, t)- np<2>(v, t), ~n· (v, t)= n<2>(v, t)- n~'li! (v, t), 

we obtain 

B=g(v,v0 ) Jn<2>(v,t)dvJ cr;/(v',t)ldv', 

d~ n(v, t) 
dt 

d~n· (v, t) 

dt 

- Ao~n(v, t) + B, 

(Ao+F)~n'(v,t)+B. 

(9) 

(10) 

Integrating (9) and (10) over t within the limits from 
00 

t = 0 to t = oo and eliminating J B dt we find an ex
o 

pression relating the luminescence drop due to genera-
tion to excitation transfer and spontaneous decay rates: 

F+Ao ~s 
~=M,; 

~S ~ j ~n(v,t)dt, ~s· ~ j ~n'(v,t)dt; 
0 0 

(11) 

Here AS in the area between curves n1u(v, t) and 
n~2>(v, t) in arbitrary units, and AS* is the area be
tween curves n121 (v, t) and n~2>(v, t) in the same units. 

The feasibility of experimental observation of areas 
AS and AS* is indicated by the relations 

n(ll(v,t)= g(v, v0 )N<1>(t), n~2> (v, t) = g(v, v0)N<2>(t), 

It follows from these expressions that if the oscillo
scopic trace N11l(t) is made to coincide with the trace 
n°>(v, t) by adjusting oscilloscope gain or graphically, 
the curve N12>(t) will be equivalent to curve np2>(v, t) 
after a similar scale adjustment(7 J. Under these condi
tions AS represents the area between curves N111 (t) 
and ~ 2>(t), and AS* the area between curves 
n121 (v, t) and N< 2>(t) (Fig. 3). 

We now analyze (11). When F- oo the quantity 
AS*- 0_, i.e., there is no dip in the spectral line which 
behaves as a homogeneous line and, according to (5), 
N121 (t) = const. during generation. 

When F- 0 the quantity AS* - AS. This means 
that curves n12>(v, t) and n11>(v, t) coincide, i.e., the 
generation at a frequency ligen sufficiently distant 
from 11 fails to affect in any way the behavior of the 
spectral line wings; these are therefore regions of 
ordinary luminescence according to (6). In this case 

[{t} 

L-------------------~~~t 
FIG. 3. Superimposed curves of luminescence (external specimen). 

1-11 = k 1 n< 0 (v, t) = k2 N< ll(t); 2-12 = k2 N(2l(t) = k 1 np<2l(v, t); 3-
13 = k 1 n<2l(v, t), k 1 = k2g(V1 , v0 ). 

the integral population N12>(t) should vary significantly 
during generation(loJ. 

Equation (11) provides a convenient and simple 
method for the experimental determination of F which 
is one of the most interesting and important character
istics of laser material. However the structure of (11) 
shows that it may be appropriate for use if the assumed 
transfer rate F lies within the range 0.1 Ao $ F $ 10 
A0 • Satisfactory accuracy of measurement is difficult 
outside this range where only qualitative data on the 
transfer rate are possible. The measurement accuracy 
can be improved, especially near the ends of this 
range, if the luminescence drop AS amounts to a sig
nificant (not less than 20-30%) portion of the area 
under the luminescence curve in the absence of genera
tion. It is obvious that AS should grow with increasing 
total probability of stimulated emission in the investi
gated material; the latter is proportional to the photon 
flux intensity I(t) causing the luminescence drop and 
to the effective cross section CTeff of stimulated emis
sion. 

RELATION OF LUMINESCENCE DROP TO THE EF
FECTIVE CROSS SECTION OF STIMULATED 
EMISSION AND PHOTON FLUX THROUGH THE 
ACTIVE LASER MATERIAL 

As we showed above the area AS between curves 
n 1 1> ( 11, t) and np2> ( 11, t) coincides with the area between 
curves r{ll(t) and ~ 2>(t), provided curves n11>(v, t) 
and N11>(t) were brought into coincidence. Therefore 
the luminescence drop AS can be evaluated with the 
aid of equations describing the behavior of integral 
populations N11l(t) and N12>(t) respectively: 

dN<ll(t) 
W(t)No- AoN<'>(t), 

dt 
dN<2J(t) 
-----= W(t)N0 - A 0N<2>(t)- crerrl(t)N<2>(t). 

dt 

(12) 

(13) 

Integrating these equations over t, from t = 0 tot = oo, 

subtracting one result of integration from the other, 
and taking the theorem of the mean into account we 
obtain: 

~ 

J [N(l>(t)- N<2>(t) ]dt 
0 (14) cr eff Qo 

N<2>(t •• ) Ao 

where Q0 is the total photon flux passing through 1 cm 2 

of the cross section of the active rod during a laser 
pulse: 

~ 

Qo= J l(t)dt. 
0 
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Considering that 
00 

J [N<t>(t)-N<2>(t)]dt ~ f:o.S, 
0 

i.e., areas between curves Nu1(t) and N121 (t) and 
(2)( ) - ' N tm ~ H are equal to a mean amplitude of curve 2 

during generation (Fig. 2), we find the relation between 
the experimentally observed relative luminescence 
drop and the values of effective cross section of stim
ulated emission and total photon flux: 

Mill= O"·eff Qo I Aoa; (15) 

aS and li are measured directly from the oscillo
graphic luminescence trace (Fig. 2) in arbitrary units 
(for example in cm2 and em respectively), and a is 
the scale of the axis of abscissas in sec/ em. 

Since in deriving (11) and (15) we used only equa
tions for the working level populations of the active 
material, both (11) and (15) can be also used in analyz
ing data on luminescence drops in a small excited 
specimen exposed to resonant coherent radiation from 
an auxiliary laser (Fig. 3)[131 . From the experimenter's 
point of view such a setup is in many cases more con
venient and flexible. This is primarily due to the fact 
that the requirements of optical homogeneity and finish 
quality are relatively low when the investigated speci
men is small and external to the laser; it is consider
ably easier to vary specimen temperature, the range 
of possible concentrations of the activator in the speci
men is widened, and new matrix materials can be in
vestigated that have not been previously known to gen
erate with the given activator. 

For an external small specimen ( ~ 10 x 10 x 2 mm), 
that permits us to neglect losses and gain, the total 
photon flux Qo in (15) causing the luminescence drop 
is expressed by 

Qo = E rad I hvS sp., 

where Erad is the radiation energy of the auxiliary 
laser incident on the specimen, and Ssp is the irradi
ated area of the specimen. If necessary, the total pho
ton flux passing through the investigated specimen can 
be significantly increased by placing the specimen 
inside the resonator of the auxiliary laser. 

We now return to the luminescence drop in the 
internal active medium of the laser. We find the rela
tion between the total photon flux inside the laser reso
nator and the energy radiated through the semitrans
parent output window. 

To make it more general we consider that the pho
ton flux varies along the laser rod, i.e., I= I(t, x). 
This is true if one mirror has a low reflection coeffi
cient or in the case of a laser with a rotating-prism 
Q-switch. Since as a rule the prism Q-switch does not 
operate instantaneously, there may be a considerable 
light loss in the prism due to a generation time mis
match[141. In this sense the prism is equivalent to a 
high-transmission mirror causing an uneven photon 
flux along the active rod in a Q-switched laser2>. 

We consider a laser in which the photon flux along 
the active rod is nonuniform due to one of the above 

2lThese considerations and the subsequent derivation of ( 16) should 
be taken into account when using the results of [ 13 , 15 • 16]. 

reasons. We assume that the luminescence drop is ob
served sidewise at the end of the rod facing the output 
mirror with a reflection coefficient r 1(x = l) (Fig. 1). 
The photon flux passing through the indicated end of the 
active rod in both directions is 

I+(l, t) (1 + r 1), 

where I•(l, t) is the photon flux toward the output 
mirror. Since 

the total photon flux passing through the rod end under 
consideration during the generation period is 31 

Qo=(1+rt)j I+(l,t)dt=f+rt Erad . (16) 
0 1- rt hvS sp 

Equation (16) is valid also when r 1 Rl r 2 Rl 1 when 
the photon flux is practically constant along the rod. In 
this case the luminescence drop can be observed either 
sidewise at both ends of the rod or along its axis, us
ing (16) in all cases to determine Q0 • 

Substituting (16) into (15) we obtain a formula for 
the evaluation of the relative luminescence drop that 
can be obtained in the given laser: 

f:o.S (1 + Tt)O:eff Erad (17) 
H a(f- r1)hvAoS sp 

However the basic merit of (1 7) lies in its use to 
measure O"eff, a quantity difficult to determine in four
level systems. The best accuracy of determination of 
<Teff from (17) can be achieved with homogeneous 
broadening of the spectral line of the laser active 
medium, when N 21 (t) =Nth = const during generation. 
However even in the case of inhomogeneous broadening, 
for example for Nd3• in silicate glass pumped with 
double or triple excess over threshold, the deviation 
of N12>(t) from N< 21 (tm) is small and as a rule amounts 
to about 20-30%. This means that the possible error in 
the experimental determination of if from the oscillo
scopic trace of luminescence drop (Fig. 2) will be still 
smaller. 

We neglected in the above computations the effect of 
superradiance that shortens the lifetime of excited 
particles at the working level of the laser active 
material. Consequently (11), (15), and (17) that are 
valid from this viewpoint for small external specimens 
(Fig. 3) may require a suitable correction in the appli
cation to a laser, especially in the case of a high ex
cess over pump threshold. For this purpose to cor
rect (15), the value of A0 in (12) should be regarded as 
a function of population N 11 (t) and consequently of 
time due to the superradiance effect. On the other hand 
the role of superradiance is negligible in (13) since the 
population N121 (t) is close to the threshold value during 
generation, ensuring a low total gain in the active 
material when the reflection coefficients of both laser 
mirrors are of the order of unity. The above considera
tions applied after the described operations on (12) and 
(13) lead to the following modification of (15) 

.AS< I> - AoS<2> C1 eff Qo (15a) 
H a 

3lit is obvious that (16) also determines the total photon flux cau~r 
ing luminescence drop in a small active specimen when the latter is 
placed inside the auxiliary laser resonator next to the output mirror. 
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Here s<u and s< 21 are the areas under curves N°1(t) 
and N< 21 (t) respectively, and 

A= jA(t)N<'l(t)dt jjN<'l(t)dt 
0 0 

is a time-averaged probability of decay of the working 
level whose evaluation is described below. In the ab
sence of superradiance A = Ao and (15a) converts into 
(15). 

DETERMINATION OF LIFETIME To FROM 
LUMINESCENCE DROP 

We must know the value of To= 1/ A0 both to deter
mine the transfer rate F from (11) and to determine 
the luminescence drop or radiation cross section C1eff 
from (17). The generally accepted method of measuring 
lifetime with a pulse taumeter1 171 is inconvenient in 
this case because the lifetime of particles at the work
ing level of the laser material can be significantly 
shortened by superradiance and is thus different from 
that measured by an ordinary taumeter. Furthermore 
such a taumeter is not always available to the experi
menter. 

An analysis of luminescence behavior in active laser 
material in the absence and presence of generation 
shows that the lifetime To, just as F and C1eff, can be 
determined from oscilloscopic luminescence traces of 
the type shown in Fig. 2. In fact the equations describ
ing the behavior of integral populations N u ( t) and 
N121 (t) for times t =:: {k, where tk is the end point of 
free generation of the laser, are 

dN(ll(t) = W(t)No- N<Il(t) ' (18) 
dt 'l:o 

dN<2l(t) N<2l(t) (19) 
---=W(t)No----. 

dt 'l:o 

Subtracting (19) from (18) and introducing the notation 
AN(t) = N 11 (t)- N121 (t) we obtain 

whence 

dllN(t) llN(t) 
_d_t_ = ------:;;;-' 

(20) 

/lN(t) = M(to) exp {- (t- to) I 1:o}. (21) 

Thus the lifetime T 0 can be found from the time 
variation of the difference between the ordinates of 
luminescence curves of the active material in the ab
sence and presence of generation. We should remember 
however that, as we noted above, the values of To in 
(18) and (19) can differ from one another and vary in 
time due to superradiance. This means that the life
time determined from (21) is somewhat depressed in 
this case in comparison with the true To if to ~ tk is 
assumed in (21 ). If the luminescence signal is suffi
ciently high in relation to noise, the time to should be 
selected so as to have N°1(t0 ) < N< 21 (tk) ~ N~~. i.e., 
To should be measured in those regions of the-lumines
cence curves in which superradiance is negligible. 

When luminescence drop of small external speci
mens irradiated by an auxiliary laser is investigated, 
the above method of determining T 0 yields results that 
coincide with the taumeter data since superradiance is 
practically nonexistent in small specimens several 
millimeters in size at real pump levels41 . 

4lThe above method of determining To can be also used in the case 
of luminescence drops due to a giant pulse [7 • 13 ]. 

To determine A= 1/r in (15a) we integrate (18) 
over time from zero to infinity, setting To= T(t): 

"" ""N<'l(t) 1 "" 
No JW(t)dt= s--dt=--:::-SN<l)(t)dt. (22) 

0 0 ,;(t) ,; 0 

We further assume that we are observing luminescence 
of the laser active material in the absence of genera
tion at two different pump levels: working pump power 
W1(t) and subthreshold pump power W2(t) with no 
superradiance, i.e., T(t) = T0 • We then obtain from 
(22) 

(23) 

where si u and S~ u are areas under curves NP1 ( t) 
and N~11 (t) respectively (see Fig. 2, curves 1 and 3) in 
arbitrary units; and 

?(= j W2(t)dt jjw,(t)dt= UNU12 
0 0 

is the ratio of pump powers in both cases equal to the 
ratio of the corresponding squared voltages U2 and U1 
at the capacitor bank of the laser. 

RELATION BETWEEN LUMINESCENCE DROP AND 
LOSSES IN THE ACTIVE MEDIUM OF THE LASER 

We have shown above that the luminescence drop can 
be used to determine such parameters of the laser ac
tive material as transfer rate F, effective cross sec
tion of stimulated emission C1eff, and lifetime of ex
cited particles at the working level T 0 • However this 
does not exhaust the information carried by the 
luminescence of the laser active material. It turns out 
that apart from these purely physical quantities the 
same method can also be used to determine some 
energy characteristics of lasers, such as total para
sitic emission losses in the medium and resonator. To 
find these losses luminescence drops are compared for 
two different laser output mirrors having reflection co
efficients r1 and r2. 

If a change of the output mirror leaves other laser 
parameters unchanged, the balance of active particles 
can be written for these two cases (taking account of 
superradiance) in the following form: 

j [ N<'l(t) _ N\21 (t) ] dt 

0 ,;(t) 'l:o 

""s [ N<'l(t) _ N~21 (t) ] dt 
0 ,;(t) 'l:o 

Elrad(lllrad- ~o) 

hvV~lrad 

E2rad (~2rad+ ~o) 

hvV~2rad 

where (:3 0 are parasitic losses in the active medium 
and resonator of the laser, 

1 1 1 1 
~2rad=-ln-, ~2rad=-ln-

2l r1 2l r2 

(24) 

(25) 

are losses in emission through the removable output 
mirror (the second mirror is considered non-trans
mitting), V = Sspl is the volume of the generating 
region of the active laser rod, Ssp and l are the ef
fective cross section and length of the rod respectively, 
E1rad and E2rad are emission energies for there
flection coefficients of the output mirror of r 1 and r 2 
respectively, and N121 (t) and N~21 (t) are instantaneous 
integral populations of the working level of the laser 
active material for r = r 1 and r = r 2 respectively. 
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After dividing (24) by (25) we obtain a formula to 
determine: 

~o + ~2 rad B2radE!rad (-ros<t>- TS~')) (26) 
~o + ~lrad= ~IradE 2rad (T0S(l)- i:s~•>); 

Here s(l>, S~ 2>, and S~ 3> are areas (in arbitrary units) 
under curves N(l>(t), Nf2 >(t), and N42 >(t). 

In deriving (26) we assumed that the volume of the 
generating region of the active laser rod does not de
pend on the reflection coefficient of the output mirror. 

Since in the course of generation parasitic losses 
can vary in time, for example from heating of the ac
tive rod, (26) actually yields the magnitude of these 
losses averaged over the generation time. The change 
in {3 0 causes an analogous change in the laser excita
tion condition, i.e., a change in the threshold popula
tion of the working level. The change in the threshold 
population in the course of generation in turn affects 
the time-dependent behavior of N<a> ( t). However the 
separation of the contribution due to the time-depend
ence of {3 0 from N< 2>(t) is a fairly complex experi
mental problem especially with inhomogeneous broad
ening of the spectral line of the active medium. In fact 
as we pointed out above (see (5)), N< 2>(t) is in this 
case a function of a number of laser parameters whose 
individual effects can hardly be sorted out. Therefore 
the above method could be used to study loss kinetics 
primarily in lasers based on active media with homo
geneously broadened spectral lines (such as ruby) 
where in the ideal case N< 2>(t) =Nth= const during 
generation. If the effect of nonuniform generation over 
the cross section of the active rod[ 1sJ has been elimi
nated in the observation of luminescence drop in such 
a laser, the time dependence of N< 2>(t) uniquely indi
cates an analogous time dependence of parasitic 
losses. 

EXPERIMENTAL INVESTIGATION OF LUMINES
CENCE DROPS OF NEODYMIUM IONS IN GLASS 

It follows from (14), (21), (24), and (25) that to de
termine O"eff, r and {30 we must investigate the behav
ior of integral populations N< 1>(t) and N< 2>(t) of the 
4F 3; 2 metastable level. However it is difficult to ob
serve the true behavior of integral luminescence dur
ing generation at the 4F 3 /.!- 4I11;2 transition 
(A."" 1.06 JJ.) because of the presence of a relatively 
strong diffusion of laser radiation in the active laser 
rod; it is practically impossible to eliminate such a 
diffusion. The transition 4F 3; 2 - 4I9; 2 (A. Rl 0.88 JJ.) is 
more convenient for this purpose. The recording of 
luminescence at this transition permits us also to 
prevent the superradiance signal from falling onto the 
photo-receiver and thus affords the opportunity to ob
serve luminescence along the rod axisr4J in regions 
where generation is most uniform over the cross sec
tion (see Fig. 1 ). 

Measurement of O"eff according to the setup of Fig. 
1 showed that N< 2 >(t) varies negligibly during genera
tion in ordinary lasers with plane mirrors even at pump 
levels equal to 1.2-1.3 of threshold, According to (5) 
this indicates a smoothing of the central dip in the 
line, a result of a comparatively broad generation 
spectrum (at the above pump level ~A Rl 50-60 A). 
Therefore the generation spectrum width must be 
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FIG. 4. Diagram of a setup for the observation of luminescence of 
an external active specimen irradiated by an auxiliary laser. !-auxiliary 
laser with a narrow generation spectrum; 2-collecting lens; 3-pump 
lamp for the investigated specimen; 4-external specimen protected by 
a jacket-diaphragm whose apertures admit pumping light and emission 
from the auxiliary laser; 5-calorimeter; 6-lens; 7-SFD-2 monochro
mator; 8-photomultiplier; 9-oscilloscope. 

forcibly limited, as with a frequency selector, in order 
to measure the excitation transfer rate directly in the 
laser. In our experiments we measured F in a small 
external specimen of KGSS-3 glass (Fig. 4) irradiated 
by an auxiliary phosphate neodymium glass laser with 
a narrow generation spectrum (All. Rl 3-5 A). The 
resulting value was F Rl (0.5-1.0) x 105 sec-1• 

The results of measuring O"eff and the computation 
according to (15a) for the case of Nd3 + in various glass 
matrices are given below: 

Matrix KGSS-3 LGS-5 LGS-28 Phosphate glass 

OeffX 1020 , cm2 2.0 2.2 1.7 3.6 

The completed analysis and experimental investiga
tion of the behavior of the metastable level population 
indicate a high informational content of the lumines
cence drop of the active medium due to the action of 
stimulated emission. The simple analytic relation of 
the luminescence drop to the basic laser parameters, 
and the relatively uncomplicated, clear, and standard 
measurement method applicable to both free-running 
and giant pulse generation[?,u-16) render the above 
method of investigating laser properties quite effective 
and universal. 

In addition to the quantities measured above the ob
servation of luminescence drops directly in the laser 
yields information on the field distribution in optical 
resonators of various types, on the effectiveness and 
true form of the pumping energy, and on the processes 
of generation establishment. For example, curve 2 in 
Fig. 2 plotted for a photomultiplier time constant of 
""1 x 10-6 sec clearly shows that the population at the 
beginning of spiking slightly exceeds the stationary 
population in contrast to the results predicted in[18l. 

In conclusion I offer my sincere gratitude to N. V. 
Otradinskaya and V. M. Markushev for help with this 
work, and toM. E. Zhabotinskil and Ch. M. Briskina for 
for evaluation of results and useful discussion. 
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