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resonator. The aim of this article is to derive a general
formula for the radiation probability of a molecule in a
resonator. It is assumed that the energy spectrum of a
molecule inside the resonator consists of two non-overlapjping
continuous bands having an identical width AE and

average levels El and 82 . The ensemble of the con-

tinruous quantum numbers determining a state will be
denoted by a ; the energy in the state a 18 equal to
E(1 . The problem consists of determining the probability

Wo of a spontaneous tramnsition (per unit time) of the

molecule from a state a,

energy band into a state oy in the first energy band.

cr Ca s
If ¥; a 1s the probability of a spontaneous transition
172

from the state a, into the interval (ul, a, s dal)

corresponding to the second
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the desired probability is expressed by:

wcn= S f(Eu
OE

where f(eu ) is the probability that the molecule is
2
in the state (az, a, + daz) . It is shown that the

probability w:"u is given by Bq (9). By substituting

271
Eq (9) into Eq (2), it is possible to obtain an expressi-:
for Wc“ » This can only be evaluated if the functions

)wcﬂ
2 2%

dalda2

2
f(Eu ) and p are known. As regards the latter
2 1%

it is assumed that it is squal to ‘plz\z + The

probability can then be written as Eq (10), where
Amﬂ = &E/h . Two special cases can now be considered.
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When Amd.‘ <LK Ao~ wo/Q + the probability is expressed
by:
4n- 5 wi 1
W = — lp \ g, — (10a) .
cn 12 1 2 2
11 Qv (w21 - wo) + (wo/Q)
On the other hand, when A wJ‘ >> Auw Ao mo/Q , the
probability is given by:
hmo Ao
ch = A — (15)
VAw A'n

The authors express their gratitude to N.G. Basov and
A.M. Prokhorov for discussion of the problems considered
in the paper.
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TITLE: On the Theory of a Molecular Oscillator (K teorii
molekulyarnogo generatora)

PERIODICAL: Radiotekhnika i elektronika, 1959, Vol 4, Nr &,
np 718 - 723 (USSR)

ABSTRACT: The system considered has two isolated energy levels Wa
and Wb . The steady-state of the system is described by
functions ﬂé and qg . When the system is acted upon

by an electromagnetic field, its behaviour can be
described by (Ref 7):

wit) = a(t)t}'a + b)Y (1)

“

The dependence of the quantities a(t) and b(t) on
time is described by Eqs (2), where F represents the
radiation field, while Yab is the matrix eélement of the

dipole moment, which is defined by Eq (3). The macroscopic
Cardl/§ description of the system can be achieved by determining
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its polarisation, p(t) , which is defined by Eq (4). On
the basis of Eqs (2), the polarisation should satisfy
Eqs (5), where r and ©ob are defined by Egs (6). The

average polrisation can be described by Eq (8).
Consequently, the average polrisation should satisfy

Eqs (9). 1If novw the medium having an average polarisation
P(t) is situated in a metallic resonator, the system can

be described by:

Cardz/i
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o
dz& o df) a P

P} +m§g)=_lmw———.

2
ac® q at dt
a’p vy 9P 2 Yaby (g, R, (1)
04, —-+wgP= é o
at” Q] dt il
at 2 Qq 1w at T

where Q is the equivalent quality factor of the
o]

resonator. Egs (I) show that a molecular oscillator 15
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a system with 2.5 degrees of frecedom. The third of these
equations shows that the non-linearity of the oscillator
is of the inertia type. The quantity R can approximately
be expressed in the form of Eq (13). 1In this case, Egs (I)
are similar to those of a typical oscillator with an
inertia-type non-linearity; the system is then described
by Eqs (II1). By adopting the notation defined by Eqs (15),
the system can be described by Eqs (Ia) or (IIa). The
latter equations can be employed to investigate the problem
of synchronisation. This is described by Eq (16). The
solution of Eqs (16) is in the form of Egqs (19), where the
parameters R, P and Q are defined by Eqs (20). The
author expresses his gratitude to N.G. Basov for a number
of valuable remarks.

There are 12 references, 9 of which are Soviet and
3 English. 1 of the Soviet references is transiated from

English.
Physcow  Jastobo e ) e
Card4/s¢ ! T
,:\J riloo 4,~ ” ;./-4
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Role of the form factor in 7/_0—> Z <4 et 4 e- decay, Jk=.liz,
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1. Fiziko-tekhnicheskiy institut AN USSR.

(Mesons--Decay)
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AUTHORS: Basov, N.G. and OraYevskiﬁ?Yxfﬁ? 7-13/25
TITLE: Absolute Stability of a Maser Oscillator Employing a

Beam of Ammonia Molecules

PERIODICAL: Radiotokhnika i elektronika, 1959, Vol 4, Nr 7,
pp 1185 - 1195 (USSR)

ABSTRACT: Maser oscillators have been described and analysed in a
number of papers (Refs 1-9). In particular, an
oscillator of this type can be constructed by employing
two beams converging on each other; the system employs
tlie inversion transition line of ammonia, J = 3, K = 2
In this oscillator, it should be possible to obtain

absolute frequency stability of 10-10 p even 10-11

Iz the following, it is shown that the same stability
in a maser oscillator can be obtained by employing two
coupled resonators; this was first realized by

J. Bonanomi et al. (Refs 8,9). This method is more
advantageous than the previous one since it does not
require any special adjustment of the frequency during

the operation of the oscillator. The frequency of the
Cardl/4
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oscillations in a maser oscillator is given by:

w' -
o

0
—_— = Q — _._7?__- = 2Q
C" W @ W
[} o o]

where €' and €" are the real and the imaginary parts
of the couplex permittivity of the molecular bean,
Tespectively; Q is the quality factor of the resonator,

mo is the natural frequency of the resonator and
2]

- 2 -
m'o = wo(l + Q 2) . Eq (1) can also be written as

Eq (2), where <T) is the average transit time of the
molecules in the resonator, while y is given by the
formula following Eq (2). Further, Eq (1) can be written
as Eq (3), where A, le and QL are defined by the

last equations on p 1187, The functions o(y) and F(8)
are defined by the equations on P 1168. The components

CIA-RDP86-00513R0012381
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of the permittivity are expressed by Eqs (4). Eq (1)
can therefore be written as Bq (6) where A is given
by BEq (7). The oscillation frequency is therefore given
by Eq (8), where ©nn 18 the frequency of the molecular

transition. The formulae can be used to evaluate the
frequency devidion A as a function of the voltage «a

of the grouping system and the saturation parameter a . The
results are plotted in Figure 1. It is seen that for the
voltage change from 5 to 535 kV, tae oscillation frequency
changes by about 70 c.p.s. When the oscillator consists

of 2 coupled resonators, its frequency deviation,with

respect to the frequency of the molecular transition,

is expressed by Bq (20). This can be rewritten and is

then in the form of Eq (24), where.cll. :10 and rl_l

are the roots of Bq (23). If the two resonators are
tuned s0 that the three roots coincide with o with
an error of a few percent of 1/Q , it is possiBTe to

Card3/4
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Secure an absolute stability of the oscillator of the

order of 10-11 » “i.The - design . details of a two-

resonator oscillator are indicated in Figure 3. There
are 3 figures, 2 tables and 19 references, of which 8 are
English, 2 German and 9 Soviet.

ASSOCIATION: Fizicheskiy institut im. P.N. Lebedeva AN SSSR
(Physics Institute imeni P.N. Lebedev of the Ac.Bc.,
USSR)

SUBMITTED: February 18, 1958
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Use of slow nolecules in molecular genaratore. Zhur,nkse;,!
toor.fiz, 37 no.4:1068-1071 O '59, (MIRA 13:5)
(Oscillators, Electric)
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AUTHORSs Basov, N.G., Nikitin, V.V, and Orayevskiy, A.N.
TITIE: Investigation intoc the dependence of the frequerncy of
molecular generators on various parameters. Part 1

(Theory, line J = 3, K = 2)

PERIODICAL: Radiotekhnika i elektronika, v, 6, n. 5, 1461,
796-805

TEXT: The work presented in this article was undertaken in order teo

explore the possibility of utilizing a molecular generator as an
absolute frequency standard having an accuracy of about 10-10, In
order to determine the type of construction required and its oger-
ation, a detailed accountof how its frequency depends on the vari-
Ous parameters has been undertaker.. Several atiemprts to evaluate
the influence of various facturs 1n the oscil.ation frequency have
been made by N.G. Basov, and A.M. Prokiorov (Ref. 1: Uspekhi fiz.

Card /% -
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nauk 1955, 1, 7, 485) and by K. Shimoda, T.C. Wang and C.H. Townes
(kef. 2: Phys. Rev. 1956, 5, 102, 5, 1308), the dependence of the
frequency of the molec.lar generator on the regonant frequency of
the resonator being explained in Ref. ¢ (Op.cit.). It was shown

that the irregularities of beam emission along the resonator intro-
duce frequency drifts The influence of the non-resolved comporents
of the hyperfine structure was shown by K. Shimoda (Ref. 31 J. Phys.
Soc. Japan 1957, 12, 10065 1958, 13, 939); the dependence of the
frequency drift of tue molecular generator based on the hyperfine
structure on the voltage of the sorter and on the beam intensity
has been explained by N.G. Basov and A.N. Orayevskiy (Ref. 43 Radic.-
tekhnika i elektronika, 1959, 4, 7, 1185). The results discussed
carnot be taken, however, as finai since none of the authors take
into account the real velocity spread of molecules. First the in-~
fluence of various parameters, including the velocity spread cf
molecules has been analyzed. Starting with

Card 2/10 -
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o Wy - @
, L= 20 =5, (1)

given in Ref. 1 (Op.cit.) for the oscillations frequency of & mole-
cular generator where

,}_(" = ,)T(v + i;-{"

ig the average complex polarization of the molecular beam, w - is

the required frequency, Wy = the self resonant freguency of the re-

sonator having the quality factor Q, it is shown that this eguation
-rovided 2 is properly evaluated, must take into account all fac-
tors affecting the frequency and its stability. These, state the
authors, are listed in Ref. 4 (Op.cit.). After several mathematical
transformations A,nd assumptions, the Eq. (1) for two levels is de-

rived as :

_ o - w
| d.:/ul!—“—og—iaﬂma} - (6)
‘Card 3/19 | ‘_ - 1 1
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where
Dy P, Yl Byt
m

= A==
Yld, P, Dldpttrtsy (7)
n ____’__,—_m__/

and wy is such that Wy = W+ ”m; Cp frequency of the molecular
transition; dm - matrix element of the dipole moment dm = do /\m
where do - the dipole moment, Am determines dm on guanta numbers
cheracterizing the given transition;

— a5

Lr=1HiT=70

$ - the field amplitude in the resonator; 6 - the average transient
time of molecules through the resonator. Jg and Jm are given by

Card 4/10 4
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3
m=

Fo (=55

1— (5)
Fwy_i?%zﬂdo

J=

ce—~"g ot

where F(8) - time distribution of molecules in resonator. Functions
G and /\ have been evaluated using an electronic computer and are
represented graphically for the spectral line of amronia I\I""H3 Jd =

3, K = 3, The rest of the theoretical results are based on N.G. 3a-
sov, G.M. Strakho&skiy, and I.V. Cheremiskin (Ref. 5: Radioteknnika

i elektronika 1963, 6, 6) and given as graphs. Fig. 3 shows the de- .
pendence of frequtncy on the pressure p in the molecular beam sour- X

ce with factor 3 tompensated for line J = 3, K = 3, N14H3. The
pressure p is given in relative units. Fig. 4 shows the dependence

“Card 5/10 ;-
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of frequency on the voltage at the sorter. Effect No. 3 1s compen-
sated for the line J =3 , K = 3 N14H3. Fig. 5 is the same as Fig.

4 but apparently for J = 3, K = 2 .N14H3 /Abstractor's note: This

would seem to be an error. The graph shows the detuning 4. as
function of pressure p in the source/. The experimental verificati-
on of the theoretical results was carried out on a molecular gene-
rator using the line of the inversion transition of ammonia N14H3
J =3, K= 2 which has no quadruples of the hyperfine structure,
Three exactly similar generators were used each having two molecu-

lar beams running in opposition. The schematic diaegram of the gene-
rator is shown in Fig. 7. In it a -~ sources of molecular beams;
1 - quadruple condensors, ¢ - resonator; d - diaphragms cooled by
liquid nitrogen. The resonstor was made of invar, excited in Epsg

mode, the length of the resonator was 11.2 cm which corresponded to
the transit width of the line of 1 Ke¢/s, g - 9000, timed within e
few megacycles. Sorting of molecules according to their energy le-
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vels was achieved using quadruple condensers having a .ength cf
15 cm., A diaphragm was used to increase the beam intensity. The
aperture of the diaphragm was 0.6 cm. The diaphragm was cooled by
liquid nitrogen the molecule beam was obtained by a grid having
square holes 0.05 0.05 mmé, spaced 0.05 mm from each other. The
signal from two molecular generators weas applied to a balanced mi-
xor of a superheterodyne receiver, the local oscillator of which
was stabilized by a cavity resonator. The 1F was 60 Mo/s, the jaes
band of the IF amplifier 2 Mic/s. At the output, the difference
frequency of the two generators determined from a Lissagian figure
was compared with the frequency of an audio generator which in
turn, by using a crystal contro.led generator could have the fre-
quency adjusted and measured with an accuracy of 0.1 to 1 c/s. The
ressure within the source was measured Dy a pdessure tube JIT-2
1T-2). The overall tuning accuracy of the molecular generator
echieved by adjustments of 1ts various parameters was around 3c/s.
The experimental resultse are given in the form of graphs. It is

Card 7/t
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stated in conclusion thatl a molecular generator, having two similer
and opposite beams working at a line without a hyperfine structure
and having e symmetrical construction, can be used as an abgoiute
standard of frequency time with an accuracy of 10-10, There are 10
figures and 6 referencess 3 Soviet-bloc and 3 non-Soviet-bloc. The
references to the English-language publications read as follows:

K. Shimoda, T.C. Wang, C.H. Townes, Physe. Rev. 1956, 5, 102, 5, 138
K. Shimoda, J. Phys. Soc. Japan 1957, 12, 1006s 19?8, 13, 939,

J.P. Gordon, Phys. Rev. 195, 994, 1253. .

ASSOCIATION: Fizicheskly institut im P.N. Lebedeva AN SSSR (Insti-
tute of Physics im. P.N. Lebedev, AS USSR)

SUBMITTED:s June 17, 1960
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4LUTHORS: 3BBOV, e Jeg RIURLIT e N., Lrayevskly, a. He, Struntvenly,
Ge Mo, Chidnacrev, B, lhe
TITLE: Investigation of reLutiviotic effects wiln tre atd of
molecular and atomlc frejuency gstandards
FERIODICAL: Uspekni fizicreskinl, haud, V. 79, no. 1, 13, LR
TEXT: The present paper gives @ Survey of experiments verifying tne
general theory of relativity, some ;robiems in special relativity treory,
and cosmoiogical hypotneses by means of molecular and atomic f{reguency
atandards. V. L. Ginzburg CUFRN, SO, 1 L1950} 8t "Eyrnshteyn 1
sovremennaya fizika", M., sosteknizdat, 1956, str. %3 - 139 made

suggestions for the experimental verification of genera. re.ativity tneory.
By means of cesium freguerncy starndards with two gpeparate resonalors, ar.

. =10

absolute freguency stability of $1.5-10 U .as attained. & further
improvement of the stability of cesium standards requires the use of
narrower spectral iines. Witn slow moiecule beams, &L absoiute stabiilty

card 1/4
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of up to 10 -12 was reacned., A certain increase of stability nay be
attained using a beam of trnali.ium atoms instead of cesium. p to now,
however, the autnors nave Lo information on such use of tna..lum. Tre
electrical resonance metnod, 1. e., tue use of gpectral lines -f a
molecular beam caused by transitions Letween rotational levels, guarartees
the same stability as ir cesium standards. The frequency standards re.y.ng
on spectral lines of monatomic alxaline metals permit very sensitive

i : -1
indications. guartz rescnat.rs, too, §%ve a stability of 10 ” and, wrer

immersed in liquid reliuz, even =f 10 ne power of mc.iecular
generators has to te axp.ified ty means of a iow-noise am..:fier [=. .,
¥BB(L0V)) and an amplifying «.ystron. Self-tuning 1s necessary for nigrn-
precision frequency measurexents. Ir, measurements of the gravitationai
frequency shift ty means c¢f moiecu.ar generators on board of artificial
sataellites, the influerce I tre first order Dop,ler effect ras to ce
eliminated. Tkis car te dcrne, for irnstance, by an exact measuremernt of
long time intervuls un tue Earti and on thne gatel.ite with subsejuent
comparison by radioco.murication. inotner metnod of tnis kind is based or
the mixing of a signal emitted from trne Eartrh ‘frequency [, witn tre sigrna.

card 2/4
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of a molecular generator.on tune sateliite {frequency 2f;. Ionusgprer:c

and tropospheric fluctuations nave to be takern intc account. I!easurements
of the gravitational shift of frejuency are being prepared /3ci. llews
Latt., lé, 35 {July 18, 1:29,,. The gravitationa. giift may te measur:i
from two points of different aititude on tre Earthn's surface mountain,
without the use of sate..:tes and, thnerefore, without consideration ,{ t.e
Doppler effect of first and second srder. For 5 =« 7.¢ kzand £ . 1.~ :is,

3

Af = 3,470 7 cps. at present, iwo first-order experiments are known for
tne verification of special relativity threory. In one of tnem ;roposed

by Mgller and carried out ty Townes,, two irversely directed teams of
excited am:onia molecules were sent toward each other througr tne horizont
resonatork of two molecular generators mounted on h rotatable plate. Tre
expected frequency deviations were not found in thiese experiments. Tre
other first-order experizent wit:u respect to .v c; is based on tre

measurement of the phase difference of two nonsynchronized mo.ecuilar \:7L‘_—-
generators placed on a rotatatle tase at a distance of a few meters. Iome
cosmological effects may te verified experimentaliy bty means of :igr.y

stable atomic clocks. Ar idea of V. as For 3. Y. Strakrovseiy, Lok.uid

na Lomonosovskikh cuteniyask:i v 43U, 1v58, concerning singu.sar reference
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systems is menticred. Tre variations of the gravitationa: constant

o

N
(Sg = g.10-'J sitrin a year, a-cording to _irac, can te verifled
comparihg tre moticn of a righ-precision atomic clock witn tne revoirution
period of an Earth sate..1te. Tune eccentricity of the Earth's artiv Tay
also have an influence or tne sravitational constant. The hypotret: sl
time dependénce 6 . ~'. ¢ dg g >f tre fine structure constant . L. DU.
Landau et al., DAN SSSk, 2, 4.7, "%, 177 14 car te verif:ed
experimentally by comparirg the motiun of two atomic c.ocks of different
types. The cnaracter of grayitation may be determined by anotlher series

of experiments. There are 21 figures ard 113 references: 57 Soviet and

66 non-Soviet. The tuhree must recent references to Englisn-language
rublications read as foliows: H13siles and hockets, Ko. 1, 19614, . 4,

B. Hoffmann, rhys. Rev. ‘2!, *37 {1%b!',; S. . Bergman:, .. Apii. Fuys. 17,
275 (1960;.
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AUTICRS: Nikitin, V.V., and Q;ayevskiy, AN
TITLZ Inves<igating the frequency tuning of a molecular 08-—

ciilator by modulating the radiation line by means of
an external magnetic field

PERICDICAL: Radiotekhnika i elektronika, V. 7, no. 5, 1002,
859 - 865

n2¥T: A theoretical and experimental investigation of the alterna- =
tive tuning method by means of the external magnetic field is pre- 4
sented, applied to a maser using the line J=73, K=2 NMH3 and #

~wo equal and opposite molecular beams. The physical principle of
magnetic tuning, relying on a split of the spectral line, 1is explai-
ned, and basic formulus are given for the frequency of oscillation
cor the simpler case of two {dentical energy levels and a ninglo
spectral line in the absence of a magnetic field. Corresponding ex—
sressions follow for the more general condition of two spectral line
components, in terms of resonator natural frequency, Q-factors of
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cavity resonator and of the spectral line, saturation parameter, mo-
lecular dipole moment, electric field amplitude, mean pacuage time
across tne resonator, Zeeman spectroscopic splititing factor, nuclear .-
magneton and the external megnetic field. The investigated inver- g?
sion line has 6 intervals, leading to 6 components, and by calcula-
ting the Hamiltonian interaction forces the magnetic molecular reci-
procity constants are obtained for upper and lower levels. A brief
description of the experimental verification is given, illustrated

by curves showing frequency constancy for the pressure method of
tuning and three magnetic tuning experiments undertaken at constant
low, medium and high pressures. There are 2 figures and 1 table.

o
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TITLE: Absorption and dinporston in moluacular crystals v th
the saturation effect talken intoe account

PERIODICAL: Optika 1 spektroskopiya, v.l2, no.%, 1962, 034-03%

TEXT: The use of stimulated emission of infrared and

visible radiation 1is expected to facilitate the study of effects
the sa It is

similar to

therefore st to calculate the
The author

f incident radiation.
lectromagnetic

monochromatic e
molecularl crystal having

h smaller than the

turation effect in the microwave range.
of intere dispersion of crystals V/¥

intensities ©

for large
the Luteraction of a
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wt) with a
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narrow energy bands whose width is muc
distance between them. The part of the Hamiltonian describing
the interaction of the crystal with the field 1is asggyed to be
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operator
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tne spectral characteristic of the resonator-beam system to a
significant extent.

ASSOCIATICN: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR
(Physics Institute imeni P. N. Lebedev of the Academy of
Sciences USSR)
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ACCESSION NR: AT3012115 S/2504/63/021/000/0003/0067

AUTHOR: \Orayevskiy, A. N.

!
TITLE:s Theoretical investigation of the frequency stability of a :
maser

SOURCE: AN SSSR. Fizicheskiy institut. Trudy*, v. 21, 1963, 3-67

TOPIC TAGS: maser, frequency stability, maser frequency standard,
mager time standard, maser monochromaticity, maser error, maser

l
frequency drift, ammonia maser, maser quadrupole structure '.Tz

ABSTRACT: Several problems connected with the construction of a
frequency (time) standard based on a maser are considered theoreti- {
cally. Maser equations are derived not only for monochromatic but
also for arbitrarily time-varying transient processes. The locking
of a maser by an external signal is considered on the basis of the
derived equations and the monochromaticity of maser oscillations is !
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investigated. The effect of the waveguide system on the maser 08-
cillations is taken into account. Effects influencing the maser os=
cillation frequency, evaluated as a function of different para- ‘
meters, are analyzed. It is noted that the amplitude dependence of
. the maser frequency can cause a shift in the maser frequency when
extraneous power, particularly from a neighboring generator, pene-
trates into the cavity. Different methods of tuning the maser fre-
.quency to that of the spectral line are discussed. The possibility
of tuning the maser by modulating the line width with the aid of an
external magnetic field is estimated. The possible use of two cou-
pled cavities to tune the maser frequency to the spectral line is
considered. It is shown that a maser with two zpposing molecular
beams, operating on the J = 3, K= 3 line of N}%H, can have stability
" (5-=7) x 10710,” To obtain higher stability (~1o-i°) a line must be!
‘used without a guadrupole hyperfine structure (for example J = 3,
K = 2). It is shown that to tune the maser frequency accurate to °’
1010 it is necessary to compensate for the maser frequency shift

Cord ' 3/6
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ACCESSION NR: AT3012115

due to the nonuniformity of radiation of the molecules along the re-
sonator by using two identical opposing beams. The possibility of
tuning the frequency of a maser to a spectral within 5 x 10-10 by the
method of two coupled resonators is considered. The maser frequency
error due to the waveguide system and to extraneous power sources
is 1078--10"9 and good decoupling is necessary to eliminate this
error. Prospects for, further increase of the maser stability have
been considered and it is shown that beams of "slow" molecules offer !:
‘promise of stabilizing maser frequency within 107 11, Experimental .j
confirmation of many of the theoretical deductions is cited from N
literature sources. "The author is grateful to V. V. Nikitin, G. M. “
Strakhovskiy, and I. V. Chereminskiy for supplying the experimental ;
material prior to publication and for discussion of the results, and :'
also K. K. Svidzinskiy for a useful discussion. The author is par- ¢ °
ticularly grateful to corresponding member AN SSSR N. G. Basov for
~ continuous interest and great help with the work.” Orig. art. has:
18 figures, 173 formulas, and 2 tables.
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1frequency. ‘The- atability of . various maser modes is apalyzed._ It
18  shown that if the Q of the first resonator: exceeds that of the
‘ond then’ oscillatxona at the: frequency of the, first Yesonator 1
: 'table in- ‘the second., In the 0pposite case. the oac:.lla- ';7:

esbhator;_hut as the. number of incoming molecules is in-' o
- harmonic. oscillations are. pro&uced in the ‘first until syn- =

3 io 'is_atta1nedf: Orig ’art"has: 5 figures and 44 formulas,.ﬁlf
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AUTHOR: Grasyuk, A. Z.i 0"25331‘3!: A. N.

TITLE: Transients in maser

SOURCE: Radiotekhnika i elektronika, v. 9, no. 3, 1964, 524-532

TOPIC TAGS: maser, maser transient , maser transient theory, maser
transient experiment

ABSTRACT: A theoretical and experimental investigation of transients occurring
in a maser is reported, from the moment of entry of the active-molecule
beam into the resonator. Equations are developed which describe the transients;
the form of these equations is similar to that of equations describing quasi-
stationary conditions. It is found that the effect of the beam intensity on the
quiescent time and the total transient time is stronger than the corresponding
effect on the steady-state amplitude; thie permits using the method of amplitude
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transient characteristics for balancing beam intensities in two-beam masers.

The phase and frequency in a maser are established in a different manner than is ,
the amplitude, which should be borne in mind when dealing with the various !
methods of aligning & maser far its radiation line. The oscillating nature of

the theoretical amplitude curves provides some reason to believe that an auto-
modulation mode is possible in a maser under certain conditions. "The authors

wish to thank A. V. Uspenskiy for his comments." Orig. art. has: 9 figures

and 21 formulas.

ASSOCIATION: none
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‘using the time- &hd epace ceherence,ot ‘the radio emission of a. lased
zoscillator concnrrently are-studied,  The. inrormation 15 trnnamitted
by irradiating an object ‘of” vuriable trangsparency: vith a Yasér beam.
The authors: ‘demonstrated that: the transmission. capacity ‘ot nuch 8 ;{
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{ the generator being locked; ‘hence, phase and amplitude locking-in mustbe
distinguished. - Four equations describing the stabilization by 3 resonator=Q
. negative feedback are set up and analyzed. Orig. art. ~has: 7 figures and
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A maser Was. Mestigated with two cascaded ;cnvities.and w:lth 0 col- TR

: one cavity scting as generator and. the other es. ampliﬁer, withan - §

aim of checking the possibility of obtaining in’ this’ system & narrower - spectral ’
-emisgion line:than ina single-eavity MASeT, “A schematic- diagram is shown in -
Fig. 1 of the Enclosure. _The system. diriensions were $ = .23 mm _(length of each

._cavity) &nd L= 150 mm (distance betveen cavity -ends). -The. bean of molecules,
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. TITLE: A new method for tuning a mager Zé )L’l,
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’”P‘vilo,_thniye.'fv_."2,‘no.‘ 2, 1965, 77-79 _‘ Co

: ,"TOPIC TAGS: masep, resdnator, microwave generatop

'ABSTRACT: v;_'l'he maser with two serjies connected resonatoprs has pPreviously been Stud-
| ded in detaf1 by several authors. It has been shown that the amplitude and phase
| of the'fie;.d in ‘the second resonator are given by the expression:

N

. ' Pl @y ~3,)

where P {g an independent function of the intensity of the field in the first reso-
nator ‘and of the trangit time through the first (71) .and second () resonators; N
'-is.',thevnmb‘er of molecules in & unit of volume; Z o ff‘ is the effective impedance of :

LS. . - ._-_....-—_.—~._~~_—-..~.<......- ceas e L .. — - -

[_Cord 1/3_
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SR _ the first resonator; and w); is the
““| The symbol- <> indicates averaging

time of the molecules batween resonators
7wy,

‘®231 ='w), the phase difference is zero fop any 1. |
" ] can be tuned exactly to the transition frequency

|/ dations
LT " oAl
BN R Y o)

Where 3_1& the_velocity of the molecular beam, _
‘nearly 10 cm, = 5+10% cn/sec,

(2)

.|.quency to an:accuracy.of.10710, 1t gs also

APPROVED FOR RELEASE: Tuesday, August 01, 2000

2000

Thus the frequency of the masep

) w21+  Actually, if the dig-
- .}’ tance between the resonators is varied by the quantity al,

in the second resonator is changed by the gquantity

If it s assumed that Al

: and wj -wzy = 207104, . then ay= 2¢10"", which corred
8ponds to a change in the phase gle.by.approxinately 0,019,
‘' poses, the accuracy in phase measurements 1imits determination

. 0.7 . ponib,le.to.use
. |'tance between the resonators according to the ‘law. A2 = A con
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molecules contained in it; ) is the frequency of

molecular transition frequency.|
with respect to the velocities of the molecules,

It is evident from thig

the phase difference between the oscillations in |

tween them. When |

the phase of the oscil- ,*
is very I
For practical pur-
of emission fre-

n
|
modulation of the dis-1
At.' This causes phase |
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modulation of the field in the second resonator due to periecdic variation in the
transit time T = 7($)/v. The amplitude of the phase modulatien is found from ex-
pression (2). Periodic modulation of the distance between the resonators may be
. | used to record small changes in the phase difference between the oscillations in
~.{ the first and second resonators since the method of synchronous detection can be
.{.used in this case, The advantage of this system for tuning is that it eliminates
the effect of the traveling wave on the tuned frequency. If the spectral line used
for emission consists of a single component, frequency w; will coincide with the
; tranzition frequency wp;. Orig. art. has: 2 formulas.

ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR
(Physics Institute, Academy of Sciences, SSSR) y /

SUBMITTED: 27May65 ENCL: 00 SUB CODE: EC

NO REF SOV:

oo OTHER:

001

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



"APPROVED FOR RELEASE Tuesday, August 01, 2000 CIA-RDP86-00513R001238

WA(k)/WBD/M( )/EWT(].)/EEC k)~ ' » I L N o
mi’"' "*h/Pi»h/P,l~lz/Pm-h7Pn-h/Po-h/Fei§ ) %Tml;%g}))/g/;m (b) 2/M(k)/m (m) /
8 L -4 '03/011:;/65/008/001/00@1/0090
A

using the remxlts to- de Yermine . the.’

abnators ﬂlled with adlelectrie,  The qumtities calculated are’ the tra.nmreree ‘

s natural. frequencies, ‘the values of Q ‘of the. different: modes, -

mbdes in'a specified ‘spectral interval,. - The lossos in the ma- RN

jonator walls are also- ‘calculated. "The authors thauk . G:.-E,.-_._M' CB

fintereat”a.nd L. A. Ya;gnshtm for nsefnl advie»." Origa ari. DR
G !02 It
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mm- )lbhi in a_laser in the presence of an absorbing impurity

25 M
BOUACE: IVIZ. Rediofizika, v. 8, mo. 2, 1965, 409-B1l

m:;" i e avitem of equaticns describing the fields in the cavity and the

active -‘-u.? d'?:er, :%Mned by one of the a\xﬂi;g )uﬁi:%&)mye::?z : Trody| -
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into sccount the Fresence of an sbsorbing impurity in the ws.

that the .o:uhdn:;ltu of ,oqm_tiuiu 4s -nea:‘]:i:;ne]:'r 1:& ‘x;;e c::l:g;y the w |

small-parsmeter method. The condition under ing &  mamely | ©

A the 1o r.d ko $he sotive o ‘:- tl‘:: :::.cnd.d to t;; t:a:thenM

ved. A mumeri is given. The results can en
'f‘n‘”,, ‘Am“ﬁlm:m. ‘i of the garticle lifetime at the level are not

oal, 'The principle: can! be used:to.develop shutter syst for tlndon-conneetod o
Origi-art, hasi 10 formulas, iyl 5 RTINS
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with several coupled modes | .

- Agabekyan ;A’. “g. ';';"‘Géaréyﬁki; ‘Ai Zay 4_“'('_)raj('e'§skiy,

“gpontanecus enission of partic

'ITLE: . Spo ies in’a resenator
5§ oscillation SRR

gcillatio ‘a: resonator; in a ban
the modes: are usually assumed to. be. in
: . “there is: always some. coupling between. themy .
he geometric parameters of the ‘Tesonator; properties of the substance,:
;this coupl: _ifxg_-'sh_buld'_-‘iﬁfvl'uénc'e{‘the; physical: processes in the resona-| .-
ing spontanecus and - induced 'éxc_’itatibﬁ;of»»particles’gin it Q.Thef,probabivlity;_,(
¢ ‘emission’is ‘;,'t':a‘lc':ixlatéfd1,by_-a.'méthpd:-énalogdus:‘tq,_one_j‘us_ed? in a pre-. |
sauthored. by Orayevskiy,: assuming that the energy. spectrum of the par- | -
he’ rescnator. consists of 2 non-overlapping -gontinuois, bands of — .

1f theve are several mo
sion‘lines;,

s
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fwld‘ " AE dith 'gA ‘levels Ey-and E3. :Two.limiting cases are considered in de-
ai.l and in, oth, cases ‘the coupling baetween modes . reduaes the‘probabil:lty of spon-
13. avt. has1 9 fomulaa. = R LTRSS
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: P
'which the crysta loses it resonator prope

' tion are considered.: The field of natural modesvis represented Chn e
“after A, Okaya and L. F, Barash (Proc. IRE, 1962, v."50, mo. 10, 2081}, Itis | °
 found, for fixed: geometrical parametera of tha system; ‘that the number of natural e
‘osoillators in a given: frequency interval decreapes with the relative optical
“density of the crystal, 'Orig. art. has: . 1 ﬁgure and 8 formulas. RS 1033

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001238

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001238

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



"APPROVED FOR RELEASE: Tuesday, Augus

S R AR AT R S POIEED
T el e el ~ il St e TN

t

et

01, 2000 CIA-RDP86-00513R001238.

AT

DAECRE

R BER AT IRINE P FPAIER | AT B TR iR ek R e
e a A N R S eSO R S LY

BEENOY, E M, ORATAVEELT, <.M

Kinetic pro-~esses tn 4 paa Lasam, D;¢, & stewtr, 12 no ¢ 253965

My 765, (MLE. 18 2C)

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381



"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001238
: " ' ; MR B RS LU PR R WS RIS

S 1072.55',yfwA(k)/fBD/Eﬁ?(i)7EE¢(k?;é/ijéﬁé(;)?%égims'z/EWA(h) | SCTB/IJP(c) ue

" ACCESSION NR: APSOl6188 .~ .. © . UR/0051/65/013/006/1086/1088
AFCESSION NRs- MBS ; A 532,97

C e

AUTHOR: :__ Voropayev, N. B?L.%M ; L5

'I’ITLB '.fl.:ffe'ct' of saturation on 'gener\af:lon' .of higher harmonics

- SOURCE: - Optika 1 spektroskoplya, v. 18, no. 6, 1965, 1006-1088 ;

"“T_’DPIC;’_HI'AGS:V; laseb”éﬁ nlinear effect, laser optics, harmonic analysis,
harmonic generation - .

. -
. ABSTRACT: The authors consider the effect of saturation on the generation of
1 . higher harmonics in pulsed lasers, based on the model of a two-level system, assum-
‘- ing that the frequency of the external radiation is close to the interlevel tran-
.77} sition frequency of the system. The equations of polarization for this model are
#f .- | given and solved for the field ‘

A2 4 T e

8 Sooonst Sy oo (e + 5

This solution is used for qualitative evaluation of the polarization amplitude ut
_ the tripled frequency as a function of the amplitude of the extermal field. In
£ view of the linearity of the Maxwell equations, the field axplitude for the third

Card_1/2
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.ha’rmnic will have this same relationship to the amplitude of the external field.

| The tmsfomation ratio from the first to the third harmonic x &5,
=%

N which givas the e¢ificlency of the cx-ysta‘.. will be proportional to cg, in small

,,ﬁelds, ané independent of the extermal field in large fields due to saturation.
‘The efficicacy of frequency transforsation hecomes constant in large flelds when
: there is un absolute increase in the intensity of the third harmonic with an in-

"| crease in the amplitude of the stimuhting radiation. Orig. art. hu: 7 forwlas.

'ASSOCIATION: mone N
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£, ACC NR: AT6009313 ) SOURCE CODE: UR/2504/65/031/000/0096/0112

- | AUTHORS: Orayevskiy, A. N.; Uspenskiy, A. V. ;-

i TR e S A

-'f;“; ORG: Physics Institute im. P. N. Lebedev, Academy of Sciences, _ L%f[
- i s8SR (FizIcheskly instltut Academil nauk SSSR) i
A TITLE: Power pulsation regime of lagser ra lon %

33 !
SOURCE: AN SSSR. Fizicheskiy institut. Trudy, v. 31, 196~.
Kvantovaya radiofizika (Quantum radio physicss, 96-112

TOPIC TAGS: laser theory, laser pulsation, relaxatlon process,
laser radiation spectrum, laser r and d

ABSTRACT: The authors point out that at present there are many
hypotheses concerning the theory of laser pulsatlon, although none

give a satisfactory explanation of all the experimental facts. They
review briefly presently known facts concerning the random pulsaticns
and quasicontlnuous pulsation mode, as well as the various theoretical.
hypotheses advanced on pulsation theory. They then analyze the o
character of the nonstationary procesces in a two-level system within >

e et e e e o 4 A e
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the framework of a single oscillation mode, and the conditions under
- they arise. They use a model of a substance with two relaxa-_ -
n times. The equations of the two-level laser are derived _
ously and also in the form of approximate veloclty equations,
1icability of the latter as well as ways of increasing_
, v Modes that can be reconclled wlth a
system of equations in which nondiagonal elements of the density
matrix are .included are analyzed. The transient in a two-level .
generator, as deduced from the analyzed equations, are briefly des-
sribed.  The authors solved the system of equations they derived
h the aid of a computer for the case two oscillation modes and
obtained damped pulsation regimes. They arrive at the following
conclusions: 1) the sum of the amplitudes of the two modes execute
1ar damped oscillatlons, and the amplitude of each of them
tes: irregular oscillations; 2) the amplitudes in two different
1sate in phase opposltion. Some disparity between thelr
and the results of others is polnted out. Orig. art. hasi

Y: aquuz formulas.
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AUTHOR: Basov, N. G.; Morozov, V. N.: Oravevskiy, A. N, /5
TITLE: Nonlinear mode interaction in a_lmg,%'\?% 6

SOURCE: Zhummal eksparimental’noy 1 teoreticheskoy fiziki, v. 49, no. 3, 1965,
895-904

TOPIC TAGS: 1laser,.stimulated emission, nonlinear optics, oscillation mode

ABSTRACT: A theoretical analysis is conducted of the operation of a two-mode
s0lid state laser. It is shown that the mode interaction can be described by

8 set of rate equations and that the steady-state regime is stable., The solution
of the system of equations depends on the frequency difference of the modes. The
two possible cases, nearly biharmonic and nearly harmonic oscillations, are analyzed.
In the case of close modes the steady-state regime may be unstable, resulting in the
appearance of undamped spiking. The laser operating regime is shown to depend on .
the shape and position of the mirrors and the quality of the crystal. Orig. art.
has: 17 formulas and 1 figure. ; (cs]

|
!
i
!
{
|
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ACCESSION NR: AP5015u1k UR/0020/65/162/004/0781/0
. AUTHOR: Basov, N. E.I(Corresponding member AN SSSR); Morozov, V. N.; Orayevskiy,
A. N. ] ,1{, L.;/mwﬁ(_f,!
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. _ L}

TITLE: Dynamics of a two-mode laser 25"‘” l:/:?
SOURCE: AN SSSR. Doklady, v. 162, no. U, 1965, 781-78k4

TOPIC TAGS: 1laser, stimulated emission, mode, laser theory, laser cavity

ABSTRACT: A theoretical analysis is made of the operation of a two-mode laser.

| Bimple substitution is used to obtain an equation containing the polarization and
- | the electric field from a set of equations for e one-mode laser. The equation ob-
., ! tained can be expanded in terms of the eigenfunction of the field. Two special

< | cages are considered: 1) eigenfrequencies much greater than the width of each of

- | the resonance lines and oscillations occurring at both frequencies (nearly bihar-
" Ymonic oscillations) and 2) resonance curves overlapping considerably (nearly har-
monic oseillations). In the case of nearly biharmonic oscillations, applicatton of
van der Poi equations to the system of equations obtained by the authors results in
. | a set of rate equations which, under certain simplifying assumptions, are identical
"l to those obtained by W. E. Lamb (Physical Review, v. 13k, no. 6a, 196k, p. 1h29).

"~ {Card_ 1/2
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In the case of nearly harmonic oscillations, application of van der Pol equations
i| leads to a set of equations for slow oscillations. An analysis of the resulting

equations shows that the intensity of emission consists of regular undamped oscil-
% | lations and explains some of the experimentally observed operating regimes. How~
.| ever, the actuel regime is much more complex and requires analysis of the inter-

.| action of a larger number of modes. Orig. art. has: 5 formulas and 1 figure.
ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR (Physics
.| Institute, Acadeny of Sciences .86SR) *N
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- 1'111.!2 Interaction between traveling waves in a ring laser 45/’

SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki. Pis'ma v redaktsiyu.
_ Prilozheniye, v. 3, no. 1, 1966, 54-58

“TOPIC TAGS: fas laser, ring laser, helium neon laser, laser R and D, traveling

. wave interaction

- 'ABSTRACT: An investigation of beat frequencies in traveling waves generated in a
'ring laser on a rotating platform may be used for highly accurate analysis of the

. ‘spectral, statistical, and other characteristics of laser emission. However, fre-
iquency splitting & of the traveling waves takes place only at rates of rotation v
_.greater than some critical velocity vep (or the corresponding quantity 8,,=2kVp/7,

'where v is the linear velocity of a resonator mirror, k is the wave vector). Cou-

. pling between traveling waves causes mutual synchronization at frequencies below the

: |epitical value which results in single-frequency conditions. The authors studied

<
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the quantity A, as a function of the parameters of a ring laser. A helium-neon

. laser was used fn this experiment (A=3.39 u). A spectral analyzer was used for

' -?ueuuring the beat frequency A. The capture band Aqp was studied as a function of
i the coefficient of transmission for the output mirror. A reduction in transmission
causes a sharp change in the capture band. Experiments were conducted on attenua-
tion of the beam reflected from the external mirror by using a filter. Attenuation
.of this signal reduces the capture band. Various optical systems were used for
pasaing the direct and reverse beams to the photoelectric mixer with a simultaneous
lredm:t:lou in the energy reflected into the resonator from the external mirrors.
‘}'ignres are given showing two modifications of systems for reducing the capture band

{to 300 cps. The Q of the resonator was reduced for a further reduction of the band.

"l‘hu was done by replacing one of the opaque mirrors in the resonator with a semi-

" transparent mirror. The result was a reduction in the capture band from 300 to 50 .
_cps at. the same output power. The magmtude of the capture band is determined by ‘

the reverse reflection of energy from various elements -in the resonator, scattering I

: by nonhomogeneous media, and the nonlinear dependence of polarization on the field.

“The authors ars grateful to N. G. Basov for valuable consultation and interest in

! the work and to V. V. Gromov for assistance in carrying out the experiment! Orig.

, .art. has: 2 figures, 2 formulas. [14)
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o) 77
TITLE: Two-cavity laser’as high-resolution spectroscope k&

SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki. Pis'ma v redaktsiyu.
Prilozheniye, v. 3, no. 12, 1966, L468-471

TOPIC TAGS: laser application, laser radiation spectrum, molecular spectroscopy,
receiver resolution, hyperfine structure

ABSTRACT: The authors show that in a laser it is possible to resolve spectral
components within the limits of a homogeneously broadened line, so that & spectro-
scope based on the use of such & laser can have a resolution limit determined by
the width connected with the monochromaticity and stability of the radiation
source. The spectruscope consists of a previocusly-described laser with two cavi-
ties in tandem (Pis'ma ZhETF v. 2, 77, 1965). Modulation of the distance between
the two cavities normally modulates the signal in the second cavity, but if the
signal frequency coincides exnctly with the peak of the spectral line, then the
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es not cause phase modulation. Since the position of the
the magnitude of the signal in the first cavity, it is

{he generation frequency at which the phase of the second
on the modulation of the distance between cavities, to ob-
independent equations as there are hyper-
fine structure components in the line. Simultaneous solution of these equations
determines the positions of the hyperfine components. A sample calculation is
given for a line with two components, and it is shown that for cavities 10 cm
long spaced 10 cm apart, & mean beam velocity 6 x 10 cm/sec, a modulation frequen-
cy 10 cps, and & detection time of 1 sec it is possible to resolve spectral com-

ponents separated by several CDS. orig. art. has: 2 formulas.
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TOPIC TAGS: maser theory, maser arrangement, quantum electrodynamics, electromag-
netic interaction, electromagnetic wave oscillation, one beam through two cavity
mer, atmc hydrogen maser

. mmsx m covmcs- In this monograyh the physical principles of molecular gene-
| ration and of the amplification of electromagnetic waves, constructionsl features,
| theory and characteristics of masers @e esented. Special attention is paid to the
{7 | .stability of the oscillation frequen masers, vhich 1s associated with the
| vasic aspects of their use. The dook is designed for engineers, scientific vorkers,
“aspirants; and advanced students specializing in the field of quantum rediorhysics.
‘The author acknovledges the contridutions by 3, (correaponding Menber,

;;Acnq of Sciences SSSR); Ogn:?z._la_p; ,
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TITLEs Effect of Arregularity of radiation of molecules on_maser frequency

" SOURCEs Radiotekhnika i elektronika, v. 11, no. 3, 1966, 514-518
TOPIC TAGS: maser, maser theory - '

“ ABSTRACT: In explaining why maser frequency changes on Antroduction of a second
molecular beam, K. Shimoda, et al., believe that the traveling wave is connected with
" the energy flow into the output waveguide (Phys. Rev., 1956, v. 102, 13083 J. Phys.
-Soc. Japan, 1961, v. 16, no. 9, 1728). The present article disputes this point and
offers a different explanation for the "traveling-wave effect®, It points out .

that even when the output wav is absent, the maser frequency deviates due to

] Arregularity (or nomniformity) of molecule flight in the resonator, with or without
‘| saturation. The field nomniformity in a two-beam system is lower roughly by two
‘orders of magnitude than in the one-beam system. #The authors wish to thank PR
‘M. O, Basov for the problem statement and discussions.” Orig. art, has: 1 figure . - .
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AUTHOR: Basov, N. G. (Corresponding member AN $SSR); Morozov, V. N.; Orayevskiy, A.N

J —

| ORG: Physics Institute fim. P. N. Lebedev, Academy of Sciences SSSR (Fizicheskly &
| Institut Akademii nauk SSSR) /. '
i / !

TITLE: Contribution to the theory of undamped pulsations oéyiaser intensity
! SOURCE: AN SSSR. Doklady, v. 168, no. 3, 1966, 550-553 !

TOPIC TAGS: laser emission, solid state laser, laser pulsation, phase diagram, lightl
pulse !

1
ABSTRACT: The differential equation for the intensity of laser emission, which in the
case of solid-state lasers reduces to an equation whose stable limiting cycle cor- ‘
responds to undamped oscillations of the laser emission intensity, is solved analyti-'
cally., It is shown that the solutions obtained approximate quite closely the phase
trajectories of the system in a case of large depth of modulation. The solution con—:
sists of two parts. The first corresponds to a slow motion when the active particles
accumulate and the amplitude increases relatively slowly. The second represents an _J
increase in amplitude followed by a release of the stored energy by radiation during
a short pulse. The analytic relations obtained are used to calculate the parameters
of a scheme proposed by the authors (Paper at Scientific Congress in Leipzig, March .|
1965) to obtain short light pulses (Fig. 1). The periodic solution of the equations

Card 1/2 UpC: 621.378.325
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L Fig. 1. Diagram of equipment for generation
{ L ' of short light flashes

-}

i
f
|
|
|
| | ,
; I . L - Laser; A - amplifier.
i
:

A ‘

o i

is obtained and a numerical example is presented. It 1is shown that radiatioﬁ pulses
of 5.6 x 10-!! at half-power points with depth of modulation almost 1002 are
feasible in .such a scheme. Orig. art. has: 1 figure and 19 formulas. foz2]
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TI?LE: Investigation of a gas-mixture lager 725;%«

SOURCE: AN SSSR. Fizicheskly institut. Trudy, v. 31, 1965.
Kvantovaya radlofizlka (Quantum radlo physics), 113-138

' TOPIC TAGS: gas laser, laser r and d, laser beam, laser modulation

ABSTRACT: The purpose of this combined theoretical and experimental
~investigation was to assess the possibililty of increasing the power
-of different gas lasers by choosing optimal operating conditions

" (pressure of mixture, partial pressures of the individual components,

- pump power, mirror. transmission coefficient, diameter and length of
i-discharges’. The divergence of the beam and the spectrum of the
generated radiation as functions of the outward power of the genera-

Card = 1/2 " .
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‘tor are also investigated. Using a neon helium mixture and a !
: -

special laser design, the authors obtained a power of 100 MW at
1.15 1 with an optimal tube radius of 8 mm and length % meters. i
The angular modulation characteristics were measured as a function i
of the output power. Reduction of the beam divergence by filtering
out ‘certain modes 18 discussed. Rotating-laser apparatus construc- |
‘-ted for the measurement of the laser emission spectrum (a modifica-
_ tion of the Sagnac experiment) is described. The results show that
the output power of the laser can be increased by adding a buffer i

gas to intensify the decay of the metastable neon, by increasing
‘the ‘temperature of the working gas, by using pulsed excitation to

.populate the upper working level, by increasing the resonator length:
‘and the length of the discharge tube, and by decreasing the trans- |
verse dimensions of the discharge tube. The authors thank Yu. P. d
. Prokhin, V. N. Lukanin, B, I. Prokopov, B. I. Belov, F. S. Titov, :
"and A. F. Suchkoyv for a discussion of the results and help with the

: calculations;fiOr;g;fgrt.shas;‘16,f1gures and 13 formulas.
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TITLE: Investigation of a maser \?th ""molecular-ringing' amplifier

SOURCE: IVUZ. Radiofizika, v. 9, no. 2, 1966, 302-307 ;

1

TOPIC TAGS: maser, molecular generator, molecular ringing 4 (/1w € 4afROWIMIE

i
ABSTRACT: An experimental investigation is reported of a maser (sece figure) with }
two series resonators and two opposing beams; one'

3 J :
( | — E y f resonator functioned as a generator, the other, as ;

F L. an amplifier. In the figure: 1 - sources of |
| 1 f 1 molecular beams, 2 - sorting systems,

3 - resonators. Oscillations in the above maser were calculated for far-from-
saturation operating conditions; the generation frequency was assurmned to be close to
the molecular-transition frequency. In the experimental model, the resonator length
was 2.3 cm, distance between the resonators, 16 cm. Experimental curves of:

Cord 1/2 ) - UDC: 621.378.33 |
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1generation frequency and amplitude vs. tuning of the generating resonator (at

pressures 0.3, 1, 1.5 torr in the amplifying-beam source); generation frequency vs.
tuning of the amplifying resonator (at the same pressures) are shown. The experi-
mental characteristics have two frequency and amplitude jumps which are explained
by two additional side maxima frequency-spaced from the principal maximum by
1.2T"'; the generation between the jumps takes place on different peaks of the
Ramsey curve. It is found that the line width in the above system is 1/5 to 1/4 that
of a single-resonator maser. Orig. art. has: 4 figures and 3 formulas.
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AUTHOR: Morozov, V. N.j Orgey_akix. ) V.

ORG: Institute of Physics im. P. N. Lebedev, AN SSSR (Fizicheskiy institut = :
AN SSSRY {

TITLE: Synchronization of spiking in lasers ’i/k)/ |

SOURCE: IVU2. Radiofizika, v. 9, no. 4, 1966, T10-T14
TOPIC TAGS: laser R and D, laser theory, solid state laser

ABSTRACT: A. J. DetMaria et al.discovered experimentally (J. Appl. Phys., v. 34,
1963, 453) that regular pulsation of the radiation power with a frequency of an
external force is obtainable ina laser by means of a perilodic modulation of losses |
in its resonator. The present article offers a theoretical analysis of this :
phenomenon. The fundamental equations of a Q-switched laser are replaced by this 1

.. %)
approximate nonlinear conservative equatlon: x+x(|+x)_l_";— =0; the motion !_
. .

integral of this equation is: x'=(1+x) [C+2n (1+x)—21,

this integral defines the phase trajectories of the equation and permits solving-.
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the equation by quadratures. This equation takes into account interactions between
modes and contains stable maximum cycles. The maximum cycles are due to small
nonlinear losses which depend on the amplitude of oscillations and which arise

as a result of modes interaction. In the case of a ruby, the nonlinear losses that
amount to about 0.0001 radiation loss through the mirrors may result in a stable ;
maximum cycle. This cycle may be interpreted as a result of a mutual synchronization
between phase-shifted modes. Several maximum cycles can arise in a multimode model,
depending on the relations between the modes. Depending on phase relations, various
time-intensity relations are possible. With random phase relations, the output will
be irregular. "The authors wish to thank N. G. Basov for a useful discussion and ;
V. I. Bespalov for his critical comments.” Orig. art. has: 1 figure and 25 formulas.
(03]
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Continuous coherent radiation of epitoxial diodes of GaAs at T7K

SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fizik1? Pis' m’ v redaktsiyu.
Prilozhaniye, v. b, no. 6, 1966, 208-210

TOPIC TAGS: ¢allium arsenide, epltaxial growing, pn junction, semiconductor lacer,
emission spectrum, recombination emission /

ABSTRACT: The authors report continuous generation from a GaAs ‘semiconductor laser
with epitaxial pn Junction operating with the medium at 77K. The Jjunction was pro-
duced by liquid eoitaxy by the method of q. Nelson (RCA Rev. v. 2k, 603, 196%). Tne
epitaxial ;egcruwa.s doped with tellurium®to a densily ~5 X 1038 cm_a. A Fabry-Prerot
Type resonator Was produced by cicavapge along the (110) planc. Emigssion values of
the spectra of the same diode, obtaiped at dirferent values of the exciting current,
in pulsed or continuous cperation, show that the maximum of the recombination spec-
trum shifts box.a.rd shoreter wavelengihs with increasing current; this snift is cue %o

the "dispersal” of the Ferml quasilevels with increasing pump energy, and aiso to ne
shift to the iong-wave section of the specirum in the continuous mode, relative tc
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the spectrum in the pulsed mode, connected with the constant heating of the active
region in the continuous case. This difference between the specira in the two jonen
is larger for small currents and decreases on approaching the threshold current. Tue
latter effect is connected with the presence of deep electronic levels with very jow
state density. Coherent radiation in the continuous mode occurs at a current of 250
ma (612 a/cmz). The narrow spectral line appearing in this case corresponds most
probably to the non-axial “annular" type of resonator oscillations. At 410 ma (1020
a/cma), & new system of cohcrent lines appears, which cen be interpreted as corres-
ponding to axial modes of the cavity. The total emission power of the diode for which
the spectra are presented is 5 mW at the appearance of the first coherent line and
70 oW at & current 1.5 a. Orig. art. has: 1 figure. {02]
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