working levels [4]. TInasmuch as the reaction rate (the rate of population of the levels
during the course of the reaction) and the relaxation times depend on the temperature and
on the other parameters of the mixture, and are different for different levels, the genera-
tion spectrum can vary with these parameters. It is therefore of great interest to study
the distribution of the generation energy over the spectrum and the time evolution of the
dynamics of the spectrum as functions of the mixture parameters.

If the rate of relaxation from the lower working level exceeds its population from
the higher level as a result of relaxation processes, then the reaction should be accompan-
ied by inversion in the entire ignition region. It is possible that this is precisely
the situation in the H2 + F2 mixture with respect to the (2 - 1) transition in HF, owing to
the depletion of level 1 in collisions between HF and H2. This gives grounds for hoping to
obtain a lasing regime without external triggering of the reaction and in the continuous
regime,

The authors thank V. L., Tal'roze for useful discussions, and B, L, Dyatkin and L. S.

German for supplying chemically pure fluorine.
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It is known that the propagation of an electromagnetic wave inside a metal is de-
termined principally by the presence of the conduction electrons. The magnetic system
acts on the conduction electrons via the Lorentz force F = é/dV X ﬁ, whence it follows that
the singularities of the high~-frequency magnetic susceptibility should affect the pro-
pagation of an electromagnetic wave inside a ferromagnetic metal., The reciprocal of the

depth of penetration in a ferromsgnetic metal is

Re(k) ~Ln 2+ @)% 4 1%

l)Physicss Institute, Czechoslovak Academy of Sciences
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Fig. 1

where u' and u" are the real and imaginary parts of the high-frequency susceptibilities.
Figure 1 shows the variation of u' and u" as functions of the external magnetic field when
w/y > 4aM, from which it is seen that there exist two points near which the depth of pene-
tration of the electromagnetic wave inside the metal has singularities. At the ferromagnetic-
resonance (FMR) point the depth of penetration of the electromagnetic wave decreases
strongly, owing to the large value of u". In addition to this point, there exist a point
of ferromagnetic sntiresonance (FMAR) {1 - 4], where p' + 0, If the damping is so strong
that the group velocity of the wave is smaller than the velgcity of lighta) (as is alweys
the case for ferromagnetic metals), then the picture of the skin layer remains the same as
before, In this case the depth of the skin layer should increase strongly at the FMAR
point and the transparency of the ferromagnetic metal should increase. This question was
considered by Kaganov for the case of precession of magnetization without exchange of forces
[4].

We investigated the transparency of ferromagnetic permalloy plates (90% Ni) ~ 10n
thick at a frequency 36 GHz as a function of the magnetic field, The plate thickness was
chosen such that the depth of penetration of.the microwave field at u = 1 was much smaller
than the thickness of the sample. In our case the attenuation in the plate was approximately
160 dB at pu = 1, and the intensity of the transmitted wave far from the FMAR region was
much smaller than the sensitivity of the superheterodyne receiver..

The power was incident of the sample from a resonator, in the wall of which a coupling
aperture of 3 mm diameter was cut in the region of the maximum of the magnetic component
of the microwave field, The samples were attached to this wall from the outside by means
of a conducting silver adhesive, The wall of the receiving waveguide, with a similar
aperture, was pressed against the sample from above, The power passing into the waveguide
was fed directly to the mixing diode of a superheterodyne receiver with sensitivity ,10"12 W.
The decoupling between the resonator and the waveguide was such that when the resonator was
fed with a klystron rated 10-2W the receiver did not sense the signal.

The measurements were made at two orientations of the external magnetic field relative

to the plene of the film. In one of the experiments the magnetic field was directed along

2)'I‘his. condition reduces to the inequality AH > (hcz/ﬁgoz)th, which yields in our case
AH > 0,2 Qe,
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f = 38.69 GHz

f = 36.06 GHz

Hypeg= 12.14 kOe

H .= 3.3 kOe

Transmitted power
Transmitted power

Fig. 2a Fig. 2b

the plane of the plate and the passage of the microwave power was observed when the polari-
zation of the incident and transmitted waves were identical, Figure 2a shows the experi-
mental conditions and the obtained results. The damping of the microwave power in this
case ranged from 160 dB at p = 1 to 80 dB at H = HFMAR' The fact that the change of the
transparency of the film at the FMAR point is connected with the gyroscopic effect of the
magnetized d electrons was confirmed by an experiment with mutually perpendicular polari=-
zations of the microwaves in the resonator and in the waveguide. The magnetic field was

then applied perpendicular to the plane of the plate, leading to a shift of the FMAR pint

by 4nM., Figure 2b shows the experimental conditions and the results.

The FMAR condition [1] has the following form: w/y = B ntern® 1°€°» (w/y) =H + UM
for a parallel orientation, and (w/y) = H for a perpendicular orientation. From a com=
parison of these formulas with the experimental results we obtain U4wM = 9400 Oe and vy = 1.83,
corresponding to g = 2,08 + 0.01. These quantities are in good agreement with the observed
value of the resonant FMR field, the position and width of which were measured for the case

of a parallel configuration (see Fig. 3).

f = 36,06 GHz

H = 9.4 kOe
s Ry

re
420 Qe
[ S— |
haM = 9.4 kOe
A = 1,4x10% rad/sec
8p v 107" cm
Fig. 3
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The presence of exchange interaction leads to excitation inside the metal, besides the
ordinary electromagnetic wave, also of an exchange wave with & wave vector, say for the

perpendicular configuration of the external field, given by |k| = V2n/A M = 106 em™t (A is

>

the exchange constan@. Inasmuch as the high-frequency susceptibility is 10” times larger
than for the ordinary wave, the boundary conditions can be satisfied only if its amplitude
is smaller than the amplitude of the ordinary electromagnetic wave by the same factor.
Consequently the transparency of the ferromagnetic metal in the FMAR region is determined by

the ordinary wave. Since the amplitude of the transmitted wave in the FMAR is

R
b~ ey
sh(kd)
where d is the thickness of the plate, and
2 /AH 1 / AH
kn = T kL TN Ve
° @ 80 I.ITM
it follows that in the case of samples for which 4 2 k;;AR the shape and intensity of the

FMAR is determined by the attenuation. The values of the Landau-Lifshitz relaxation con-
stant A, calculated from the results of our FMAR and FMR measurements, are the same;
A = 1. b x 108 rad/sec.
exp
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experiments, and Doctors Kaganov, Blank, Frait, and Kamberskii for useful discussions.
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When the condition for magnetophonon resonance (MPR)
: 1
N, s "€, s’ "ho, (N, L=0,1,2, 0,58 =5"=1+) (1)

is satisfied, a number of extrema should appear on the curves of longitudinal (p" ) and
transverse (pi_) nagnetoresistance. In formula (1), N8 is the energy of the N-th Landau
level with given orientation of the spin §, and Wy is the limiting frequency of the optical
phonons. Experimental investigations have shown that, in accord with the theory, the

transverse magnetoresistance of the n-InSb samples has maxima at magnetic field values
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