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Tt is known that the condition of thermodynamic stability of the homogensously magnet-
ized state, (@HIQB}T » 0, 1s violated pericdically (with pericdicity in H}, owing to the
de Heaae - van Alphen effect, st sufficiently low temperatures (nZ7 < 19, where 2 = eB/me is

the eyclotren frequency} [1]. In analogy sith the vapor-ligquid system it can be shown that

there exist eritical points Tél) and Héi), at which aH(T(i) (1}} 20 (T(i} (i)) =aq,
end 2 H3(P(i) (1)) > 0, Depending on the boundary conditions, there cccurs at T < T0 either
a stratlflcatlon inte Dhases (a domaln structure) with different values of the induction B, and

1
2 (it T s parallael teo n, where n is the normel to the surface), or else n Jumpwise change of

the induction from B, to B, (if R | n) [1]. Such a singularity should affect the propagation
in the metal of electromagnetic waves at a fraguency w such that the =ystem has time to
"adjust itself” to the thermodynamics, i.e., under the condition wt << 1 {1 - free path time).
Let ws assume, for simplicity, that the dispersion is isotropic, and that the depth
of penetrgtion &, the free path time 7, end the external magnetic field are such that § > 2 >
(R is the radius of the electron orbit), and T > T . In this case the conneetion between the
current and the electrie field is locel (] = cf}, and all that is left to solve the problem of
the penetratlion of the electrcomagnetic wave in tie metal is to specify the connection between
the alternating components of the magnetic field i and the megnetic induetion g. In the linear
approximation (the estimate 1= presented below) this connection is given by h = ( J b {if
hllH) and b = (1 - 47M/2)b (if B 1 #). We see therefore that near the critical polnt we have
£ b/h o= (QH/aB)T'l +« if B ¥ and u has no singularities if h l_ﬁ. In the case considered
_1/2, and if ﬁllﬁ,
then § m#Tiﬁ??ﬁT; + 0. Thus, at sufficiently low temperetures, anomalous guentum oscilletions
aceur in the surfare Impedance Z ~ pd ﬁI; these osclllaticons are essentially anigotropic

with respect to the mutuel orientation of the vectors b and H.

by ue, that of the normal skin effect, the penetretion depth is & = c{2rowy)

Deferring the detailed caleulations to a separate communication, we shall peint out now
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some of the most essential festures of the anomalous quantum oseillations of surfece impedance.
We note first that the depth of penetration can never decrease Welow the radius F cof the
conduction-electron orbit, FPhysiecally this is connected with the faet that the magnetic moment
is produced by the self-consistent inducticn field B at distances on the order of R. Thus,
the magnetic moment senses relatively small changes of the induction (b << B} at distauces d
z R, and in the cpposite case (d < R) the magnetic susceptibility decresses in a ratio {de)E.
This leads to a depth of penetration 4§ z R and to saturation of the surface impedance.

Let us estimabe now the emplitude 2 . and the widbth of the oscillation peaks (8H) __ of

the surfece impedance, and else the maximum value of the derivative of the surface impsdance

with respect to the external magnetic field, In the region § > £ under considerstiion we have

7 = ZO(aH{BB)ﬁlja. Near the critical point we have
aH) AT B AB)Z
Y Wil ooy {1)
B T, 58

where a, B ~» 1, 8B ~ Bofﬁﬂfeo) is the period of the de Haas ogeillations, 4T = T - TO, and
AR = B - BO‘ The magnetic-field and temperature regiona in which (1) is valid are limited by
the condition that the inpduction fluctuations be small compared with the distance AR to the
eritical point.

It is ersy to show that VABZ A T/{EH/&B)T, where B2 is the mean-squars fluctuation of
the induction in the wvolume V. Tt is clear that the fluctuations in the volume V 2 R3 play an
essential role.

Thus, the expression for the surface impedance in which formule {1} is substituted has

g definite (and not accidental) character in the region where

3+ 2
T/R f;;i < {AB) (2)

Substitution of the numericel values shows that for all ATO z 10_h the relation

AAEY s o 2 (3)

L]

is satisfied on the boundary of the region {2), Thus, the first term predominates in {BH!HB)T
near the'rescnance," 1.,a,, Zmax i1s determined by the proximity to the critical temperature.
It follows from (1) and (3) that

E;.u ~ 1/ % ATT N |
aQ a

and the oscillations are indeed anomalously large. Using (1), we cen readily find that the

maximum value of the derivative of the surface impedance with respect to the magnetic field is

a7’

H dzy s H Jz aH e.
(z d'H)M"-(Z 75 ”(:s_)} “;;_( T.) 2 1

T max

This maximum is reached when (AB)m n ABquT?TO. Knowing the value of {BB}m, ve can estimate
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the width of the "regonance" region {bH}res' Integrating (1), we get AW = uATfTO)aB (with (3)
taken into sccount). Substituting here the value of (ﬂE)m we get (aﬂ}res “u GE(uﬁT{T0}3/2

An impertant rcle is usuelly played near phase transitions by nonlinear effectz., An
estimate shows that if b » 63#535756, then the problem becames nonlinear close anough to the
eritieal peint (b » AB)., If

53#0;:313?1‘0 < b < 4B, (%)

then the connection between h and b takes the form h = {b3/6)(33HfaE3}, but if © » 6B, then
it is necezsary to use the exact E{E) relatior. The Inequality (L) for the magnetic field h

tekes the form 6B(uﬁT/T0}3j2 <h = 53.1) When T < T_, the analysis is carried out in similar

0,
fashion, It must be remembered, Lowever, that & phese transition takes place at H = HOET},
and the value of the induction changes jumpwise from B, = B, - 4B, to B, = B, + 4B, [1]. Wear

2
| = 8B, r«3uﬁT?T0 [2]. As a result, when

ho> [H - H(T), {5)

the oritical point, as is well known, we have AB

the magnetic permesbility p ie deterrined in the linear approximation by the gquantity (DH}EB};l
and dependz only on the temperature. Thus, in that region of the magnetic field H where the )
inequality (5) is satisfied, the surface impedance is independent of the magnetic field, and
consequently the derivative of the surface Impedance experiences & jump en the boundary of

the region.
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1}It is known that nonlinsar effects are usually significant under the cendlitien that

h » &B, ut in this case the linear approximation remains the fundamental one [3],
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