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Generation of a frequency of 72,838 Me due to the 101-000 transition in the CH20 molecule is 
obtained. The absence of a fine structure and the presence of an upper level Stark energy max
imum in the 101-000 line favor the frequency stability of the molecular generator. The power 
of the molecular generator is 3 x 10-11 W. An emission line at 72,409 Me due to the 514-515 
transition was also observed. The observed Stark effect and fine structure of the line are in 
agreement with the theoretical predictions. An absorption line in the beam was observed in 
the 101-000 transition. 

AN increase in the number of substances utilized 
in beam masers and continuous extension of the de
velopment of beam maser techniques into the short 
wavelength portion of the spectrum are of interest. 
Our efforts toward that goal have led to the con
struction of a formaldehyde molecular generator 
operating in the four-millimeter frequency band 
[l,2]. Formaldehyde C12H20 16 is a light elongated 
and a slightly asymmetric-top molecule with a 
rather large dipole moment, 1-' = 2.31 D. The 
72,838 Me rotational 101-000 transition was uti
lized. The slight asymmetry of the molecule al
lows us to consider with good accuracy the Stark 
effect in the above transition to be of the form of 
the Stark effect for the J = 1 and K = 0 transition 
for the symmetric top. The Stark effect for the 
K = 0 levels of a symmetric top is in turn iden
tical with the Stark effect of a linear molecule. [3] 

The form of the Stark effect favors level sort
ing of the beam molecules. The energy of mole
cules of the lower level decreases in the field E 
and the energy of molecules in the upper level 
with M = 0 increases and has a maximum for 
E = 150 kV/cm (the sorting system breaks down 
at E ~ 200 kV /em). Apparently, the presence of 
the point dw I dE = 0 sharply reduces the influence 
of changes in the sorting voltage on the number of 
the active molecules appearing at the exit of the 
separation system; this should favor the frequency 
stability of the molecular generator. The capture 
angle was determined, as usually, fro!Jl the equal
ity of the radial-motion energy to the Stark energy 
and was found to be ac ~ 3°. The active molecules 
are sorted uniformly by the field since there is no 
spread in the M-numbers. The square of the rna-

trix element of the dipole moment is 11-'ij 12 = 1. 77 
D2. The population of the level 101 is o = 0.09%, 
and o0 = 0.03% molecules are in the state M = 0. 
In the CH20 molecule, only the H nuclei possess 
spin. Their spin is % and the molecule does not 
have a quadrupole fine structure. In the case of 
the 101-000 transition, the spins of the H nuclei 
are oppositely directed and the resulting spin of 
the molecule is zero. In this case the magnetic 
fine structure is also absent. Therefore, the 101-
000 line does not have any fine structure, which 
should also favor the frequency stability of a mo
lecular generator operating on that line. 

The beam maser had the usual construction 
with a E010 mode resonator. Owing to the good 
sensitivity of the apparatus, the absorption line 
in the beam was observed (with the sorting po-
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FIG. 1. Photograph of the emission line (positive large 
pulse) and the absorption line in the beam. 
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FIG. 2. Photograph of the emission line of the 514-515 

transition. 

tential turned off). This was photographed to
gether with the emission line (Fig. 1). The lines 
have the same width (of the order of 15-20 kc ), 
which is in agreement with calculations based on 
the transit time. Generation was obtained for the 
101-000 transition starting with a sorting voltage 
of 6 kV. In the 13-16 kV sorting-voltage region 
the amplitude of the generated signal remained 
essentially constant, which confirms the deduc
tions drawn with respect to the Stark effect. The 
power fed to the receiver was compared to the 
power radiated from a standard noise tube, which 
in turn was checked with a thermally calibrated 
radiometer and was found to be 3 x 10-12 w. The 
coupling coefficient was ~ 0.1 and the tank-circuit 
power was 3 x 10-11 W. The generator was oper
ating without any cooling membranes and without 
any time limit. 

The 514-515 transition was also investigated at 
72,409 Me. An examination ofthe rotational levels of 
the CH20 molecule shows that the 514-515 levels ex
perience a Stark effect comparable to the Stark effect 
of a pair of isolated levels. Application of a field E 
produces "repulsion" of the levels, i.e., conditions 

for sorting exist. The square of the matrixelementof 
thetransitiondipolemomentis 1~-tij j2 = 0.066D2. The 
population of the 514 level, taking into account the 
nuclear weight gnuc = 3, is 0.9%. The capture 
angle, computed for a field E = 200 kV I em, is 
1. 7°. For the 514-515 states, the spin of the mole
cule is I = 1 and the line has a hyperfine structure 
which can be resolved with the aid of the maser. 
The theory of the hyperfine structure of the CH20 
molecule is given in [ 4]. The line splits into three 
components corresponding to the values F = 6, 5, 
and 4; F = I + J; J = 5. The shifts of the compo
nents F = 6, 5, and 4 from the frequency of the 
unperturbed line are respectively - 5.6; -12.6; 
+ 23.6 kc, with intensities (in% of the total) 40, 
33, and 27%. The computed shape of the line (as 
a function of frequency f) for a component width 
of 20 kc is in good agreement with the experimen
tal shape shown in Fig. 2. The components F = 6 
and F = 5 cannot be resolved and thus do not per
mit more exact evaluation of the constants corre
sponding to the interaction between the electronic 
states and rotation of the molecule and the spin
spin interaction of the H nuclei. When the field E 
is increased, the 514-515 line, unlike the 101-000 
line, does not saturate, and the increase in the 
sorting voltage increases the number of active 
molecules. In order to obtain self excitation on 
the 514-515 line it would be necessary to approx
imately double either the number of active mole
cules or the quality factor of the resonator. 

1 A. F. Krupnov and V. A. Skvortsov, (News of 
the Universities) Radiophysics, 5, 611 (1962). 

2 A. F. Krupnov and V. A. Skvortsov, ibid. 5, 
820 (1962). 

3 Thaddeus, Javan, Krisher, and Lecar, Sympo
sium on Quantum Electronics, New York. 1960. 
Columbia University Press, p. 47. 

4 Takuma, Shimizu, and Shimoda, J. Phys. Soc. 
Japan, 14, 11, 1595 (1959). 

Translated by H. Merkelo 
20 


