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the apparent maximum of the F- center ahsorption 
band may be displaced to some extent. Some 

investigators fail to take this circumstance into 
account and hence place an erroneous interpreta
tion on the relative shift of the F- center ahsorp
tion band for different silver halide crystals, as 
contrasted with the invariable position of the F
center peak for alkali metal halides, although it is 
known that for the latter the F- center band is well 
separated from the· intrinsic absorption band. 

It is shown in Grenishin's article that the F
center ahsorption increases with the ripening time 
of the emulsion. This was also shown in my com
munication 3• 

Translated by E. Rosen 
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0 NE of the present authors 1 recently investi
gated the statistical relation of the radiation 

absorbed and the radiation emitted by a system, 
consisting of atoms with two energy levels. It 
was shown that the radiation output of such a 
system may vary, depending on the density of the 
exciting radiation. This deduction applies to the 
total output, i.e., to the ratio of the total energy 
emitted to the total energy absorbed. 

In the present communication we propos~ to ap
ply the suggested method to calculating the 
luminescence output of such a system, for 
example, to the resonance fluorescence of atoms. 

According to the definition given by Vavilov 2, 
luminescence is understood to mean the excess of 
the radiation over temperature radiation, having a 
finite duration which exceeds the period of light 
oscillations. This definition corresponds to the 
experimental conditions under which luminescence 
output is normally measured. It will he recalled 
that any radiation detector does not register the 
background of "black body" radiation, correspon
ding to its temperature (since it is in equilibrium 
with this background), and reacts only to the ex
cess radiation over and above this background. 
It follows that in determining the exciting light
energy absorbed by the body as well as the light 
energy radiated by the luminescent body, we 
measure only the excess above the heat radiation. 

Taking this factor into account we obtain the 
following expression for t~e output of photolumi
nescence in place of Eq. (15) of reference 'l: 

(1) 

The symbols are as given by Stepanov 1 : s is 
the energy density of the exciting light, An2 is 
the number of spontaneous transitions, accompa
nied by radiation, from the upper level per unit 
time, eu0n2 is the number of transitions from this 
level, torced by heat radiation, the density of 

which, for the frequency v == (£2 - £1 ) / h, equals 
u0. The resultant forced radiation is characterized by a 
certain duration, since it continues after the cessa
tion of excitation until the number of molecules in 
the higher excited state drops to the number con
sistent with_thermodynamic equilibrium. Hence 
the (A+Bu 0)n 2 term represents the total number 
of quanta released per unit time. A certain number 
of these quanta is not recorded by the detector 
since it serves to compensate the number of quan
ta of black-body radiation abs«?rhed by the system. 
This number per unit time isBu 0n2 . Hence in 
determining the luminescence energy this term 
must he substracted from the numerator. 

In the denominator of Eq. (l) we also have 
only the excess of radiation (absorbed in this 
case) over the black-body radiation background. 
As in reference l, the forced emission under the 
influence of the exciting radiation is regarded 
here as equivalent to a reduction of the absorption. 

In reference l it was shown that with constant 
excitation 

A + B (u0 + s) + d0 

B (u0 + s) + d0 exp {hvjkT} 

Substituting (2) in (1), we find that the quantum 
output of fluorescence is 

(2} 



LETTERS TO THE EDITOR 189 

1 
q = --.---,----;--;-;-~-;-------:c---;---c~-

1 + (d0/A) [1- exp {- hv/kT} 

The principal deduction to be drawn from the 
above is that q is independent of the density s 
of the exciting light, in which respect it differs 
from the quantum output of the total radiation. 
The l_atter is a monotonic function of s, tending 
to umty as s --> 0 and to the magnitude of q 
when s --> 001. 

For d~=O, i.e. in the absence of radiationless 
transitions, we obtain the trivial result q = 1. 

(3) 

The output q also equals unity when the temper
ature is so high (flame temperatures) or the 
transition frequency v so low ( radio fre
quency region) that exp {- hv/kT} virtually 
equals unity. In physical terms, this means that 

under such conditions the presence of external 
radiation does not disturb the energy distribu
tion between the levels, and consequently the 
number of quenchings equals the number of exci
tations, i.e.,no heat is lost (radiated). 

Under the conditions commonly obtained in 
luminescence experiments the value of exp { -hv / 
kT} is approximately zero·and, therefore, accor
ding to (3), 

q = A!(A + d0). 

Translated by M. Rosen 
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TH_E_ pho~oelectric meter is th~ most sen-
Sitive mstrument for measurmg the lwni-

(4) 

nous flux 1; therefore, work on its perfection or the 
extension of its application presents practical 
interest. This article is devoted to experiments on 
the design of a photometer with controllable spec
tral characteristics. Such an instrument could com
bine the functions of a light receiver and spectro
meter. The first experiment in this direction was 

carried out by Kudriavtseva 2• 

In order to control the red boundary of spectral 
sensitivity of the photometer, an additional electrode, 
a screen, was installed near the photocathode of 
the meter. The retarding field, created between the 
screen and the photocathode permitted the selec
tion of the photoelectrons, passing through the 
screen into a sensitive zone of the meter, accord
ing to their speeds. In order that such a separation 
of photoelectrons be effective, it is necessary that 
the electrons not lose the speeds obtained under the 
photoelectric effect on the path from the photo
cathode to the screen (in absence of the restrain
ing field), i.e., that the distance between the 
screen and photocathode shall be of the order of 
the free path length of the electrons in the gas in 
the meter. For this purpose the distance from the 
screen to photocathode should be made very small, 
or about 50 p., and the argon gas should be used to 
fill the meter; in argon the mean free path is a maxi
mum for electrons with velocity 0.3- 1.5 V 3 • As 
the neutralizing component of the mixture methylal 
was used in 10% strength; the pressure of the 
mixture in the meter was 80 mm of mercury. 

The meter had a cylindrical shape. A thin wall 
tube, 15 mm in diameter, of non-corrosive steel 
served as the cathode. The slits ( 12 x 8 mm) were 
cut on the opposite sides of the tube. One slit was 
used for illumination,and another was covered by a 
screen, behind which the cylindrical aluminum pho
to-cathode was attached to the insulation support. 
The aluminum was of a type having a red boundary 

for the photoelectric effect of about 3500 A (3.6 
ev_ ). The screen was made of 20 micron tungsten 
f01l by means of anodic etching under a thin rolled 

copper screen, pressed to the foil surface. In such 
a manner a copy of the copper screen was impressed 
on the tungsten foil, the cells of which were 
0.33 x 0.25 mm and the transparency about 60% . 

The tungsten metal was selected for preparation of 
the screen on account of its high energy yield. It 
served the purpose of lowering the uncontrollable 
photoeffect from the screen surface under illumina
tion by the light under investigation. A steel 

cathode tube was subjected to chlorinization for the 
same purpose. 

The complete meter represented a separate ap
paratus suitable for long work 1. The anode and 
cathode of the meter were connected in the usual 
manner in a standard measuring system. The 
voltage given between the photocathode and screen 
(connected with the cathode of the meter) was sup
plied from a potentiometer, fed by dry cells. 


