44,0e

” along the chains, since the contribution from

the internal electrons of the TCNQ should be
much weaker, owing to their large binding energy.
The transferred spin density would therefore be
distributed over the chain, mainly in accordance
with the character of the distribution of the
density of the external electron, i.e., uni-
formly, if the electron is delocalized, and non-
uniformly in the opposite case, leading only to
a slight modification of the effective field.

On the other hand, if it 1s assumed that
the observed line splitting 1s nevertheless some-

p 7 } ;7;4;'7% what connected with the transfer of the spin

! density of the cation via the internal elec-

: _ trons of the TCNQ molecules, whereas the exter-
g;ﬁ&egéeT§?p§£2t§ﬁ§ ?ine nal electron is delocalized, then one should
shift expect an overall shift of both lines by an
) amount which is in any case not smaller than the
magnitude of the splitting, something not ob-
served in fact.

We can thus conclude that at helium temperatures the extra electrons of the
linear conducting chains in the (DTC)(TCNQ):2: complex are localized. If these
electrons were delocalized at room temperature, as in the other well-conducting
complex TCNQ salts, then we could conclude that when the temperature 1s lowered
there occurs in the investigated complex something similar to a Mott transition.
Unfortunately, in view of the low accuracy with which the _bond lengths in (DTC)
(TCNQ) . have been determined at room temperature (20.03 K) [4], this statement
cannot be regarded as final. More accurate x-ray measurements are of great
interest in this connection.

We are grateful to R.P. Shibaeva for a useful discussion of the structure
of the investigated complex and to A.I. Larkin for valuable remarks.
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1. We report the results of an experiment on the development of an optical
(A = 3.39 u) frequency standard with a relative frequency stability Av/v =
5 x 107'*. The role of the frequency discriminator is assumed by the resonances
of the power in the radiation of a ring laser with a nonlinearly-absorbing
methane cell inside the resonator [1, 2].

At present, the most effective methods of frequency stahilization in the

optical band are based on the use of power resonances of lasers that fix the
central frequency of atomic or molecular transitions. Thus, stabilizatlon of
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the frequency of a single-mode laser
using the "Lamb" dip [3, 4] in absorb-
ing low-pressure gases [5 - 7] (width of
resonances of the order of the homogen-
eous line width) leads under ordinary
laboratory conditions to a relative sta-
bility ~107!? at a frequency reproduci-
bility ~10~'! [8, 9].

Much narrower and more contrasty
power resonances are made possible by
mode competition of a multimode laser
[1, 2, 10, 11]. For example, the ef-
fect of interaction of the waves of a
ring laser at a generation frequency
that coincides with the central fre-
quency of the absorbing gas can lead in
principle to arbitrarily narrow power

resonances [1, 2]. The effect of wave My - Mg -- mirrors forming the
. N X . s ring resonators, My -- semitrans-
interaction is indeed the basis of the X .

. A . parent mirror, T;, T2 -- plezo-
ring~laser frequency stabilization ceramics. P P P, -— photo-
method reported here. rar s> tla 2, °3 p ;

receivers, RS -- beat recording
system, ARC-I, ARC-II -- laser

2. The experimental setup consisted
of two identical helium-neon ring lasers
with internal methane absorbing cells
(see the figure). The length of the dis-
charge gap of the amplifier tube (0.3 cm diameter) was 20 cm. The itength of the
absorbing cell was 35 cm and its inside diameter 2 em. At a heliuw-neon mix-
ture pressure 4.2 Torr and a methane pressure 10 mtorr, the contrast of the
laser traveling-wave power peak was close to 50%, and the width at half-height
was 60 kHz. The pumping was wilith a combination of dc and a hf field.

automatic frequency control systems.

The laser emission was registered by photoreceivers P; and P2, the sig-
nals from which were fed to the automatic frequency control system of the laser.
The receiver P3 was used as a photo-mixer, the signal from which was fed to the
registration system (RS), where the difference frequency was evaluated.

When the lasing frequency deviated from the center of the power peak, the
automatic control systems AFC-I and AFC-II generated an error signal which was
applied to the plezoceramics Ti and T2 to cancel out the shift of the resonator
length. The modulation frequencies were 12 and 20 kHz. The time constant of
the synchronous detector was 1 sec. The rms drift of the difference frequency
at an averaging time of 10 sec amounted to 6 Hz after 30 minutes, corresponding
to a relative stability ~5 x 10~ 1t*,

The authors thank A.N. Chuvilin for help with the work.

[1] N.G. Basov, E.M. Belenov, M.V. Danileiko, and V.V. Nikitin, Zh. Eksp. Teor.
Fiz. 57, 1991 (1969); 60, 117 (1971) [Sov. Phys.-JETP 30, 1079 (1970); 33,
66 (1971)1].

[2] N.G. Basov, E.M. Belenov, M.V. Danileiko, V.V. Nikitin, and A.N. Oraevskil,
ZhETF Pis. Red. 12, 145 (1970) [JETP Lett. 12, 101 (1970)7].

[3] W.R. Bennett, Jr., Phys. Rev. 126, 580 (1962).

[4] W.E. Lamb, Jr., Phys. Rev. 1344, 429 (1964).

[5] V.N. Lisitsyn and V.P. Chebotaev, Zh. Eksp. Teor. Fiz. 54, 419 (1968) [Sov.
Phys.-JETP 27, 227 (1968)].

[6] V.S. Letokhov, ZhETF Pis. Red. 6, 597 (1967) [JETP Lett. 6, 101 (1967)].

[7] P.H. Lee and M.L. Skolnick, Appl. Phys. Lett. 10, 303 (1967).

[8] R.L. Barger and J.L. Hall, Phys. Rev. Lett. 22, 4 (1969).

467



[9] N.G. Basov, M.V. Danileiko, and V.V. Nikitin, ZhETF Pis. Red. 12, 95 (1970)
[JETP Lett. 12, 66 (1970)]. T

[10] M.A. Gubin, A.O. Popov, and E.D. Protsenko, Kvantovaya elektronika, No. 4,
34 (1971) [Sov. J. Quant. Electr. 1, 336 (1972)17.

{11] S.N. Bagaev, A.K. Dmitriev, and V.P. Chebotaev, ZhETF Pis. Red. 15, 91,
(1972) [JETP Lett, 15, 61 (1972)]. T
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We have established in [1] that in compensated n-GaAs with a total impurity
density N, = 5 x 10'7 em~? and an electron density n < 5 x 10!'¢ cm™? the elec-

trons become localized at low temperatures in potential wells that distort the
bottom of the conduction band.

Since an external magnetic field changes the energy states and the condi-
tions of electron motion, we deemed it of interest to study the influence of the
field under these conditions.

The measurements were made on the same samples as in {1], and a decrease of
the resistance was observed in magnetic fields up to 50 kOe. The relative
changes of the resistance, Ap/p = [p(H) - p(0)1/p(0), turned out to approximately
the same in a field H parallel to the current as in a perpendicular one.

Figure 1 shows the measured Ap/p = f(H) at 10 values of the temperature
from 0.6 to 27°K, in magnetic fields H < 20 kOe, in which the positive compo-
nent of the magnetoresistance could be neglected.

In analogy with the interpretation of the negative magnetoresistance (NM)
in ferromagnets and in metals with ferromagnetic impurities, it is assumed that
NM in semiconductors is due to the magnetization of the medium [3] and that

A
fid - - a?M? = - a?x?H?, (1)
P

|42
7

magnetoresistance on the field H
and the temperature T: continuous
lines - |Ap/p| = £(H) at the fol-
lowing temperatures (°K): 1 - 0.6,
2 -1.1, 3 -1.7, 4 -2.9, 5 - 4.2,
6 -6.,2,7 - 8.5, 8 -14,5,

9 - 20.4, 10 - 27. Points: values
of |Ap/pf = f[H/(T - 8)] at the
following temperatures: A - 0.6,

e - 1.1,00- 1.7, o - 2.3, x - 4.2,
The dashed line is a plot of L%*(x),
where L(x) is the Langevin func-

LA T N N YOO S O S A B I 'CiOl'l,X=(UH)/k(T—6),]J=25LIB,
: v yr — 6; = 1.25 °K, and 6, = 2°K.

— H,kO0e —»

54 Ll?%) Fig. 1. Dependence of the negative
&
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