« g and the damping length at a frequency of 1 GHz is
equal to 1 cm, then at the frequency of 20 GHz needed
to observe acoustic breakdown the damping length is of
the order of 5X10°2 cm. The nonlinearity parameter
Ut/F may reach several hundreds. There is therefore
reason to suppose that the phenomena we have examined
may be observed experimentally in samples of reason-
able dimensions. Let us note that in the case where the
acoustic momentum 7%gq is appreciably smaller than 2p,,
it is not possible to observe acoustic breakdown in the
literal sense of the word. It is, however, possible to
observe the sound-stimulated magnetic breakdown phe-
nomenon which consists in a reduction of the breakdown
field under the action of a sound wave. This situation
has the advantage from the experimental point of view
that it requires sound of lower frequencies which under-
go less damping.

Dwe shall adhere to the following terminology. Allowed bands
which arise as a result of the periodic field of the crystal
lattice we shall term energy bands. Under the influence of
the periodic field of a sound wave they break up into allowed
and forbidden acoustic bands.

D1n the present work we shall not touch on the change in the
electron spectrum in the field of a standing sound wave: this
problem is more complicated than ours because it cannot be
reduced to a stationary one by any transformation of coordi-
nates.

dWe recall that the electron spectrum is periodic in p-space,
with a period 7xq, and it is not therefore necessary to consider

the two distant trajectories:
of this periodicity.

Y This estimate is only applicable for the so called interband
magnetic breakdown. ®1 Only the latter is realized in our
situation.

We have put the word “thermodynamic” in quotation marks
because the state of a metal containing a traveling sound wave
is not, strictly speaking, an equilibrium one.
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Surface impedance of cadmium in a magnetic field
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The behavior of the surface impedance of cadmium is investigated theoretically and experimentally in the
range of Doppler-shifted cyclotron resonance. It is found that the reactance of the metal has minima in
the neighborhood of the thresholds of various dopplerons. The experimental data agree with the theoretical
results for the case of diffuse reflection of the electrons by the surface.

PACS numbers: 73.25.+1i, 76.40.+b

Doppler-shifted cyclotron resonance (DSCR) leads to
the appearance of singularities in the variation of the
surface impedance of a metal with the value of the applied
magnetic field H. The behavior of the surface resist..ce
R (the real part of the impedance) of cadmium, for
H1[0001], has already been investigated.!”?? A kink in
the function R(H) was observed experimentally in the
neighborhood of a doppleron threshold. Theoretical in-
vestigation showed that the function R(H) should in fact
experience a kink for diffuse reflection of the electrons
by the surface. Unfortunately, in the experiments
cited'*?! the imaginary part X of the impedance (the re-
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actance) was not studied; and in regard to the resistance,
the measurements gave only the functional dependence
R(H) - R(0) on an unknown scale,

In the present paper, the variation of the surface im-
pedance of cadmium with magnetic field is investigated
theoretically and experimentally. The experimental
method used made possible measurement of the absolute
changes both of the real and of the imaginary parts of
the impedance. It was found that, in contrast to the re- -
sistance, the variation of the reactance with field has a
nonmonotonic character: there are minima on the X(H)
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curve. The analysis carried out showed that each of
these minima corresponds to the threshold of a definite
doppleron. )

EXPERIMENT

The measurements of the surface impedance were
made with circular polarizations of the radiofrequency
field.!) The imaginary part of the impedance was stud-
ied by means of an autodyne detector whose sensitivity
was constant with respect to change of its oscillation
frequency in a magnetic field. ®7 Automatic maintenance
of a prescribed value of the @ of the oscillatory circuit
eliminated the influence of the change of surface resis-
tance of the specimen in the magnetic field on the char-
acteristic frequency of the circuit. For stabilization of
the @, instead of a photoresistor,! a thermoresistor
was used, connected in series with the inductance. The
thermoresistor was an incandescent electric lamp, type
MN 0.22-6.3 B, which was the load of a feedback ampli-
fier. Change of the output voltage of the amplifier over
the range from 0.2 to 6.3 V led to a change of the resis-
tance of the lamp from 2 to 28 2. Replacement of the
photoresistor by the lamp eliminated shift of the gener-
ator frequency caused by change of the reactive compo-
nent of the photoresistor impedance, which depended on
its illumination. In the method used, the shift of the
autodyne frequency was determined with good accuracy
by the change of the specimen reactance alone. The
function X(H) and the derivatives dX/dH and d*X/dH?
were recorded by the traditional method. For this pur-
pose, the signal from the autodyne was mixed with the
alternating voltage of a reference generator, and the
difference-frequency signal was fed to the input of a
frequency converter, type ICh-6.

The surface resistance R of the cadmium in a magnet-
ic field was measured by means of an amplitude bridge.
A simplified functional diagram of it is shown in Fig. 1.
The specimen under study was placed in the inductance
coil of a parallel LC circuit. The resistance » connectec
in series with the inductance describes the value of all
the losses in the circuit. The oscillatory circuit was
connected through the resistance £ and the wide-band
amplifier 2 to the output of the generator 1. The voltage
U, on the circuit was maintained constant. This was in-
sured by introduction of a constant-current negative-
feedback circuit, which controlled the transfer constam
of the amplifier 2. The circuit includes the detector 3
and the constant-current differential amplifier 4, at

I—'"i'-F*ﬁ"
FIG. 1. Block diagram of the bridge for measurement of the
surface resistance (for notation, see text).
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whose second input the reference voltage enters. Ad-
justment of the transfer constant of amplifier 2 is made
with one of the control grids of its input tube.

We shall suppose that at all values of the magnetic
field, the frequency of the generator 1 coincides with the
resonance frequency w,(H) of the circuit. Then it can be
shown that the voltage U, at the point A is related to the
resistance 7(H) by the relation

- R Ao,
Uiy 2.0

r(H), (1)

where Aw, =w,(H) - w,(0). The factor in square brackets
in (1) is only slightly dependent on the magnetic field, so
that the change of the voltage U, is with good accuracy
proportional to the change of the surface resistance of
the specimen.

For fine adjustment of the frequency of the generator
1 to the resonance frequency of the circuit, an additional
negative-feedback circuit was used. For this purpose,
the output signal of the generator 1 was frequency-modu-
lated by means of the generator 5. The modulation was
done at frequency 1000 Hz. In consequence of the fre-
quency modulation and of the selective properties of the
LC circuit, the output voltage of the detector 3 is ampli-
tude-modulated. The amplitude of the modulation is pro-
portional to the frequency derivative of the amplitude-
frequency characteristic of the circuit. The signal pro-
duced by the difference between the characteristic fre-
quencies of the circuit and of the generator 1 was sep-
arated out by the selective amplifier 7 and the synchro-
nous detector 6. After power amplification, a controlling
constant voltage was fed to a solenoid that biassed the
ferrite core of the coil of the oscillatory circuit of the
generator 1. As a result, its frequency was tuned to the
resonance frequency of the circuit containing the speci-
men.

The voltage from the detector 8, which is proportional
to the loss resistance in the circuit, was fed through a
constant-current amplifier to the Y coordinate of an XY
potentiometer. The voltage from a magnetic-field de-
tector entered the X coordinate. Because of the fast ac-
tion of the system for control of the transfer coefficient
of amplifier 2, it was possible, simultaneously with the
records of R(H), to record the derivatives of the surface
resistance with respect to magnetic field. In contrast
to the traditional schemes, the amplitude-bridge scheme
used makes it possible to separate out, with good accu-
racy, a signal due to the change of the surface resistance
of the specimen alone, even when A >7(0).

The cadmium specimens, with resistance ratio pgg/
ps.2 =3 - 10%, were monocrystalline plates of dimensions
10%x3x 0.57 and 10x3%x0.6 mm. The hexagonal axis of
the crystal was oriented along the normal to the plate
surface.

Recorded in the experiment were the resistance R(H)
and the derivatives dR/dH and d?R/dH?, and also the
reactance X(H) and the derivatives dX/dH and d%X/dH?.
Measurements were made in the magnetic field of an
electromagnet, of intensity up to 18 kOe, over the fre-
quency range 0.05-1.0 MHz and the temperature range

Voloshin et al. 990



1.6-4.2 K. The magnetic field was directed along the
hexagonal axis of the crystal. ‘

The scale of the measurements of the real and imagi-
nary parts of the surface impedance of cadmium was de-
termined by an indirect calibration, which was carried
out in a linearly polarized electromagnetic field at T
=4.2 Kand f=1 MHz. The principle of the calibration
was replacement of the specimen under investigation by
a specimen of the same geometry with a known value of
the surface impedance. The change of specimens did
not lead to a perceptible change in the distribution of the
electromagnetic field in the measurement coil.

The calibration specimen was made from lead, with
resistance p,q x =2.2-10°" Q-cm, which practically co-
incides with the residual. The magnetoresistance of
the specimen in a field H<1 kOe was negligibly small.
The depth of penetration of the electromagnetic field in
the calibration specimen at frequency 1 MHz is 6p,=2.3
10" cm, which exceeds by almost two orders of mag-
nitude the length of the free path of the electrons, cal-
culated from the known value of the product pl~107!!
cm? for lead. This means that for f=1 MHz, the sur-
face impedance of the calibration specimen can be cal-
culated by the formula for the normal skin effect,

Z=(2nw/c%)" (1—-i), o=2nf, o=p~'. (2)

The depth of penetration of the field for the cadmium
specimen at H=0 and T =4.2 K has the value 6¢4%0.6
-107% cm.

The inductance coil used for calibration was of rect-
angular cross section and was wound on a complete
form of plastic. The cadmium and lead specimens were
fastened to a dielectric plate at distance 50 mm from
each other. The plate could be moved freely within the
coil by means of a rod that extended into the warm area
through a gasket in the cover of the cryostat. First the
calibration specimen was placed inside the inductance
coil. In zero magnetic field, when the lead is in the
superconducting state, its impedance may be taken to be
zero. The change of surface impedance of the lead dur-
ing the superconducting transition in a magnetic field
parallel to the surface enables us to calibrate the scale
of the record along the axis of ordinates on the XY po-
tentiometer. After this, by moving the rod, the cadmi-
um specimen was placed in the inductance coil, and
R(H) and X(H) were recorded in a magnetic field perpen-
dicular to the surface of the specimen. The final cali-
bration was made with allowance for the dependence of
the impedance of the coil on the magnetic field in the
absence of the specimens.

The calibration obtained was used to determine the
scale of the records of R(H) and X(H) made on the sa™~
specimen at 7=4.2 K and f=1 MHz. With use of the
autodyne detector with fixed @ and of the amplitude bridge
with automatic frequency control, the relative error of
the calibration was primarily determined by the differ-
ence of dimensions of the calibration specimen and of
the one under study. The total error of determination of
the scale amounted to about 10%.

Examples of records of the variation of the surface
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& [R(n)-R(0)]-10°

Z

y
| /M
T |

H,kOe
FIG. 2. Variation of the resistance R, (Guassian units) of
cadmium with magnetic field: f=1 MHz,T=1.6 K, specimen
thickness d=0.6 mm. Curve 1 corresponds to minus polariza-
tion, 2 to plus polarization.

resistance of a plate with magnetic field intensity are
given in Fig. 2. Along the axis of ordinates is plotted
the change of resistance R(H) —R(0) in a magnetic field.
The absolute value of the resistance in zero magnetic
field was not measured because of its small value. The
value of the impedance of a thick plate of cadmium at H
=0 and f=1 MHz can be estimated by the formula for the
anomalous skin effect, by use of the ratio of the conduc-
tivity to the length of the free path, 0/1=0.55-10! Q!

cm—a [4]:

Z(0)= (4V§n’ﬁ-) * (1-178) =0.09-10-* (1—113) fcf. )]

act

In the range of fields H~0.5 kOe, the resistance R_(H)
(curve 1) has a peculiarity in the form of a smoothed-out
step. In larger fields, the function R_(H) varies approx-
imately as HZ up to the threshold field of an electronic
doppleron, H; =6.2 kOe. Above the threshold, the re-
sistance R_ oscillates in consequence of excitation of an
electronic doppleron'® in the plate and on the average
increases linearly with the field. The maximum ampli-
tude of the oscillating component exceeds by a factor of
almost three the value of R(0) given above. In the vicin-
ity of the threshold H; of an electronic doppleron, there
is a smoothed-out kink on the R_(H) curve.

In the plus polarization, the resistance R, (H) varies
approximately in proportion to the square of the magnetic
field and has an anomaly in the form of a smoothed-out
kink at field H=4.5 kOe, corresponding to the threshold
of a fundamental hole doppleron[“ (Fig. 2, curve 2).
Above the threshold, R,(H) increases, with good accu-
racy, in proportion to H. The oscillations of a hole
doppleron are small and not resolvable against the back-
ground of the strong variation of R,(H). For HzH;, the
surface resistance in both polarizations depends notice-
ably on the temperature. In field 14 kOe, lowering of
the temperature from 4.2 to 1.6 K leads to increase of
R_ and R, approximately by a factor 1.5. The nearly
linear nature of the function R,(H) in the high-field range
indicates that in the temperature range 1.6 K<7<4.2
K, at f=1 MHz, the thickness of the skin layer is small
in comparison with the thickness of the plate, so that
the smooth part of the impedance of the plate is twice
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FIG. 3. Variation of the
reactance X, of cadmium
with magnetic field; f=1

the value of the impedance of the semiinfinite metal.

Figure 3 shows examples of the record of the reac-
tance X, (H) of a cadmium plate. The origin and the scale
have been chosen the same as for the surface resistance.
We note first that the total change of reactance over the
magnetic-field interval investigated, at frequency 1 MHz,
is appreciably smaller than the change of resistance.

On the curve X_(H) there are two minima, of which the
first is located at field H=0.5 kOe, and the second at a
magnetic field slightly exceeding the threshold field H;.
In high fields, the reactance X_(H) increases rapidly,

and against the background of its smooth variation large-
amplitude oscillations of the electronic doppleron are
evident. The amplitudes of oscillation of the reactance
and of the resistance are, within the limits of error, the
same,

In polarization plus, the reactance increases mono-
tonically with increase of field up to H=2 kOe. In the in-
terval 2 kOe<H<4.5 kOe, the reactance decreases to a
value close to the value X(0). The location of this mini-
mum with respect to magnetic field coincides with the
threshold of the fundamental hole doppleron. In the high-
field range H>4.5 kOe, the reactance increases rapidly
with H,

The imaginary part X, (H) of the surface impedance,
like the real part, changes noticeably on lowering of the
temperature. This expresses itself in a deepening of
the minima and an increase of the slope of the curves
above the thresholds of the respective dopplerons.

Investigation of the impedance at various frequencies
showed that all its characteristic features are shifted on
the magnetic-field scale in proportion to the cube root
of the frequency.

As is evident from Figs. 2 and 3, in the small-field
range H~0.5 kOe the surface impedance in minus polar-
ization has anomalies similar to the anomalies in the
vicinity of the thresholds of electronic and hole doppler-
ons. In order to investigate the functions Z,(H) in more
detail in the weak-field region, the variation of the de-
rivatives of the impedance with magnetic field was stud-
ied. Figure 4 shows examples of the records of the sec-
ond derivative d2X/dH? at frequency 400 kHz. In minus
polarization, three groups of oscillations are observed.
The period of oscillation AH is practically constant with-
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MHz, T=1.6 K, d=0.6 mm.

in each group. The values of AH for the individual
groups are 36, 65, and 250 Oe respectively. The peri-
ods of the oscillations are, with good accuracy, in the
ratios 1/7:1/4:1. The oscillations with period 250 Oe
have been observed earlier.®! They are due to excita-
tion in the plate of a Gantmakher-Kaner wave, caused
by holes of the “monster.” The oscillations with the
smallest period begin practically at zero field, but their
amplitude increases sharply at H~350 Oe. The oscilla-
tions with periods 36 and 65 Oe occur within narrow
ranges of magnetic field. Their amplitudes are greatest
in the interiors of the corresponding ranges.

In plus polarization, the oscillations with period 36 Oe
are also observed. They are evident in weak magnetic
fields and become practically unresolvable in the same
field range as do the corresponding oscillations in minus
polarization. The oscillations with period 65 Oe are
practically absent in the hole polarization, and the oscil~
lations with period 250 Oe are at least orders of magni-
tude weaker than in minus polarization. The amplitude
of oscillation of each group depends strongly on temper-
ature. They become distinguishable against the back-
ground of the slow variations of the derivative at tem-
peratures below 3 K.

The features that have been mentioned of the short-
period oscillations allow us to suppose that they are due
to excitation in the plate of multiple dopplerons.'™ Ac-
cording to theory, multiple dopplerons may exist in met-
als whose Fermi surfaces do not possess axial symmetry.
If the direction of the field is an axis of symmetry of the
Fermi surface of order s, then dopplerons of multiplicity
n=ms £1 can be propagated, where m is an integer. For
H1[0001], the hole monster in cadmium has an axis of
symmetry of the third order, and dopplerons of multi-
plicity 1, 2, 4, 5, 7, etc., can be propagated in the met-
al. The second and fifth harmonics are not observed ex-

d*[dH?

i

0 1 2
FIG. 4. Records of the derivatives de*/dI:{2 as functions of the
magnetic field: f=0.4 MHz, T=1.6 K, d=0.6 mm,. Curve 1,
minus polarization; 2, plus.

I
]
H,kOe
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perimentally. The observed short-period oscillations
are apparently caused by excitation of the fourth and
seventh multiple dopplerons. It is in the range of exis-
tence of these oscillations that a kink is observed in the
function R_(H) and a minimum in X_(H).

THEORY AND DISCUSSION OF RESULTS

The properties of a doppleron are qualitatively only
slightly sensitive to the nature of the singularity of the
nonlocal conductivity.'”® Therefore Refs. 1 and 8 con-
sidered a Fermi-surface model that had the form of a
parabolic lens. This model is attractive in its simplicity,
because the nonlocal conductivity corresponding to it has
a resonance singularity of pole type and no branch points.
As a result, one can obtain analytic expressions for the
surface impedance and the field distribution in a speci-
men, regardless of the character of the reflection of the
electrons by the surface.'®? But the parabolic-lens mod-
el also has a shortcoming, consisting in the absence of
collisionless cyclotron absorption of the field in the
short-wavelength range. The absence of such absorp-
tion has no significant effect on the behavior of the real
part of the impedance; but it is a priori difficult to ex-
pect that a change of the imaginary part, which is due
to attenuation, is obtained correctly in this case.

In other words, in order to determine the function X(H)
it is necessary to consider a model of the Fermi sur-
face in which there is cyclotronic absorption. The sim-
plest model of this type, having the form of a corrugated
cylinder, was proposed in Ref. 9. Here we shall use a
modification of this model considered in Ref. 6 in appli-
cation to a compensated metal. The corresponding non-
local conductivity for plus and minus circular polariza-
tions has the form

@)

0. (@)= ([ (1-i1)* =" "1},
where

ku c (a8
=z = lon) )
k is the wave vector of the electromagnetic field, = is the
concentration of the electrons, u is their extremal dis-
placement during a cyclotron period, S(p,) is the area
of a cross section p, =const of the Fermi surface, and
v is the ratio of the frequency of collision of the elec-
trons with the scatterers to the cyclotron frequency.

The surface impedance of a bulk specimen, for dif-
fuse reflection of the carriers, is determined by the ex-
pressions (see, for example, Ref. 6)

c*Z, i 7 D.(g) 1! )
2o | X In 2= \
4ne [2:;_{ dq q ] !

4niou’

D,(q)=gq*— T

0.(2), (7

where
(8)

D.(q)=0

is the dispersion equation for the characteristic modes
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of the electromagnetic field in an infinite metal.

The method of calculating the integral (6) is described
in Ref. 6. We shall consider the impedance for minus
polarization. On substituting (4) in (6) and integrating,
we obtain

( o/

)" a0+ 5

2nou 2
+(1—iy) {(1—r*) " arccos r+[r(r+2) 1" In[1+r+[r(r+2) ]*1},  (9)
r=("+§)"~'),, E=oneu’/ncH(1—iy)? (10)

where g, and g, are the solutions of the dispersion equa-
tion (8) corresponding to the skin and doppler components
of the field and determined by the expressions

¢.: =218/ (2-8),  g»*=(1-r)[1-2iy/(1-r)*]. (11)
Formulas (9) and (11) are correct everywhere except in
a small neighborhood of the doppler threshold, where
|2 = ¢l~y*/2, We shall not give the expression for Z,,
because in the model being considered there are no
waves in plus polarization and the impedance has no
singularities.

The curves R_(H) and X_(H) are shown in Fig. 5. The
parameters n and (3S/8p,).,; Were so chosen that the po-
sition of the doppleron threshold and the period of the
oscillations coincided with those observed experimental-
ly. The length of the free path of the electrons was taken
as 1 mm,

The surface resistance R_ increases with H approxi-
mately quadratically up to the doppleron threshold,
which at frequency 1 MHz is located at H=6.2 kOe. In
the vicinity of the threshold, the R_ graph has a kink,
smoothed out in consequence of the finite length of the
free path of the electrons. In the range of existence of
the doppleron, R. varies approximately linearly. The
more rapid growth of R_ in this region is due to exci-
tation of a doppleron and increase of the depth of the
skin layer. Qualitatively, the behavior of R_(H) is the
same as in the parabolic-lens model considered in Ref.
1. This shows that the presence of a kink on the R_(H)
curve is independent of the model of the Fermi surface
and characteristic of diffuse reflection of the electrons.

The behavior of the resistance R_(H) is in qualitative
agreement with the experimental curve 1 in Fig. 2.
The presence of oscillations on the curve in the latter
case is due to the effect of the plate. In addition, on

(R x_)- 108

/ FIG, 5. Calculated curves
of resistance and reactance;
Hy=6.2 kOe for f=1 MHz.
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curve 1 of Fig. 2 there is a section of more rapid rise
at H~0.5 kOe, This rise and the associated kink of the
curve are due to the existence of multiple hole dopplerons.
In the theoretical model, hole copplerons are absent, be-
cause nonlocal effects in the hole conductivity were not
taken into account.

In contrast to the surface resistance, the reactance
X_(H) varies nonmonotonically, In the range H< H 1, the
reactance has a broad maximum, In the vicinity of the
doppleron threshold, X_ decreases and reaches a mini-
mum. On further increase of the field, X_ increases
rapidly. Such a change of reactance with field is in
qualitative agreement with the experimental curve 1 in
Fig. 3. The presence of a minimum on the X_(H) curve
for H2 H; is due to the appearance of a propagating elec-
tromagnetic mode—a doppleron. Excitation of a wave
in a metal should cause a drop of its reactance near the
threshold of this wave. It is easy to show this if we re-
call that the reactance is proportional to the value of the
total magnetic flux of the wave field across the metal 1%
Under skin-effect conditions, the magnetic flux @ is
proportional to the skin depth 5:

o =f H,(z)dz~H(0)8, (12)

where H,(z) is the field in the skin layer, and H(0) is the
exciting magnetic field. But in the vicinity of the thresh-
old, the magnetic field of the skin component decreases
in consequence of the excitation of the wave:
H,(0)=H(0)—H,(0); 13)

here H,(0) and H,(0) are the magnetic fields of the skin
and doppleron components at the surface of the metal.
The total magnetic flux ¢ is equal to &, +®,, where

0, = J.H..(z)dz~H.(0)6,

(14)
0, =j Ho(z)dz=H,(0) _[ cos (kp'z) exp (—k»o"z) dz
_HOk" L (15)
T kR B K

Here k; and k' are the real and imaginary parts of k&,
=2mngp /u.

Near the threshold of a doppleron, k~1/8, while kp’
<kj. Asaresult, &, is found to be considerably less
than H,(0)5; that is, the total magnetic flux & is deter-
mined mainly by the skin component. In the range of
larger fields, the skin depth § increases:

S=1/k" =u/2aq. < H. (16)
Therefore the value of the flux
O~®,~H,(0)6

initially decreases, reaches a minimum, and then in-
creases with increase of H.

Thus we may conclude that near the threshold of a
wave, the surface reactance should have a minimum.
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Accordingly, a natural explanation is obtained of the
small minimum on the experimental curve 1 in Fig. 3 at
fields H~0.5 kOe. In fact, it occurs exactly in the field
range where multiple hole dopplerons are observed and
where there is a smoothed-out step on the R_(H) curve
(Fig. 2). In similar fashion one explains the presence
of a minimum on curve 2 of Fig. 3 at H=4,5 kOe; this
minimum is located near the threshold of the fundamen-
tal hole doppleron, which exists in plus polarization,

We assumed above that the reflection of the electrons
by the surface was diffuse. For comparison, we shall
discuss the behavior of the surface impedance for specu-
lar reflection of the electrons. In this case the expres-
sion for Z_ has the form

4i

2. =22 [ dg{a -2l (=3 =)~ 11}~ (an

The integral is the sum of the residues at the poles of
the integrand and the integral along the sides of the cut,
The residues make a contribution both to R_ and to X_;
the integral along .the sides of the cut, only to R._.

The variation of R_ with H for specular reflection of
the electrons was investigated earlier.!11+12) Tt wag
shown that in this case the surface resistance has a
resonance maximum at the threshold of the wave. There-
fore we shall consider here only the reactance

= tnc~tou Tm g, [1="/:E (1=i1) '~ ~*]-*

+go~ [1-Y:E((1—#7)*—g5%) ~*) ). (18)

Since the value of g, is small, whereas g, is compar-
able with unity, the second term in the curly brackets is
small in comparison with the first everywhere except in
a small neighborhood of the doppleron threshold £=2.
Therefore the expression for X_ can be expressed ap-
proximately in the form

(19)

It is evident that X_ changes sign at the threshold of the
wave. Thus the behavior of the reactance is significant-
ly different for diffuse and for specular reflection of the
electrons. Alig'® remarked earlier that with specular
reflection of the electrons in a noncompensated metal,
the reactance X_ changes sign at the helicon threshold.

X_~2(2—E)~'Imgq,".

We have considered the dependence of the impedance
of a semiinfinite metal on magnetic field in the cases of
diffuse and of specular reflection of the electrons. It is
of interest to study the transition from one limiting case
to the other; that is, to consider the behavior of the im-
pedance for values of the coefficient of specularity p dif-
ferent from 0 and 1. The solution of this problem for
the corrugated-cylinder model is very complicated.
Therefore we shall restrict ourselves to discussion of
the dependence of the impedance on the value of p in the
simplest model, the parabolic lens. The behavior of the
surface resistance in such a model, for various values of
p, was studied by Medvedev.'¥ It was shown that even
for a small departure of p from unity the height of the
resonance maximum in R_ at the doppleron threshold de-
creases sharply, and that for p=0.7 the dependence of
R_ on H becomes practically the same as for p =0.
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Therefore it remains for us here to consider only the
behavior of the reactance X..

An expression for the impedance of a plate in the
parabolic-lens model was obtained in Ref. 8 (see formu-
las (29) and (30)). The impedance of a semiinfinite met-
al is obtained from these formulas by letting T3, , ap-
proach unity and introducing a factor 3:

Z_=4nc~ou{g.[ (1—iy)*—gq,’]
—go[ (1—i7)*—q.?]
A=) (9.~45") } {909.(9.* — g0")
=g (1=iY)*~¢o’] (1—iY)

+ag.[ (1=iy)*—g.1 (1—ix) } ', 20)
where g, and g, are the solutions of the dispersion equa-
tion

¢=t{(1—iy) [ (1—iy)*
—¢*1-'—1}; (21)

the parameter ¢, as before, is determined by formula

().
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Graphs of the function X_(H) for various values of p
are shown in Fig. 6. It is evident that even ata small
difference of p from unity, the region of negative values
of X_ is decreasing rapidly. For p=0.75 the value of
X_. remains positive over the whole range of fields.
Above the doppleron threshold, the value of the reac-
tance depends strongly on the coefficient of specularity
p. Such sensitivity of the reactance to the value of p
in principle enables us to obtain information about the
nature of the reflection of electrons.
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