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A scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was held
on 27 September 1989 at the S. I. Vavilov Institute of Physics
Problems of the USSR Academy of Sciences. The following
two reports were presented at the session:

1. V. B. Braginskii, V. S. II 'chenko, and M. L. Gorodet-
skii. Optical microresonators with modes of the whispering
gallery type.

2. M. I. Klinger. Low-temperature properties of non-
metallic glasses.

Brief summaries of the papers are given below.
V. B. Braginskii, V. S. Il'chenko, and M. L. Gorodet-

skii. Optical microresonators with modes of the whispering
gallery type. A discussion is given of the properties of optical
microresonators (MR) with modes of the whispering gal-
lery (WG) type, results are presented of the experimental
investigation of these microresonators and prospects of their
applications are discussed.

Ultra-high-frequency dielectric microresonators with
WG modes have been extensively studied1 and are success-
fully utilized in technology.2 With their aid it became possi-
ble to attain the basic limit of UHF losses in perfect dielectric
crystals and to achieve a quality factor of Q~ 108 at T = 77
K and g=;109atr=4K (disc resonator made of leucosap-
phire of diameter D = 10 cm; wavelength A = 3 cm).3 By
reducing the dimensions of the dielectric resonator by 3-4
orders of magnitude and by using dielectrics with a suffi-
ciently low optical absorption one can obtain an optical reso-
nator with a high quality factor. In so doing the use of the
WG modes (confined waved undergoing multiple total in-
ternal reflection from the boundary of an axially-symmetric
dielectric body) provides, apparently, the only possibility of
achieving a quality factor Q > 10* in the optical range with
the resonator dimensions being comparable to a wavelength.
Since the high quality factor is in this case combined with a
small physical volume Feff of localization of light fields the
nonlinearity of the material in such a system must be mani-
fested at a very low pumping power. This property of optical
WG modes is of interest for some experiment programs.

1. The existence of optical WG modes was confirmed
for the first time in early experiments on stimulated emission
in spherical samples of CaF2:Sm2+ 4 and in microdroplets of
aerosols.5 An indirect estimate of the quality factor of the
WG modes in these experiments did not exceed Q = 104. It is

not difficult to show that the value of Q in the optical range
can be higher by several orders of magnitude.

With the use of fused quartz (optical absorption in fi-
bers a = 10 db/km at A = 0.63 m) the internal losses in the
material and radiation from the curved side surface of the
resonator do not prevent achievement of a quality factor of
1010 with a diameter of the MR of D > 15/zm. The principal
factor in limiting the quality factor must be scattering by
surface inhomogeneities. Estimates show that it also does
not prevent achievement of Q = 109 for D = 150 fj,m and
Q = 10s for D = 15 fim in the case of an average size of an
inhomogeneity typical for glass surfaces of a = 50 nm.

2. Optical bistability.i.e., a histeretic amplitude and fre-
quency characteristic of the resonator arises when an ampli-
tude-dependent shift of the eigenfrequency a> of an individ-
ual mode as a result of the cubic nonlinearity of the material
4ir6>x(}} E 2/n2 (/z is the index of refraction, E is the electric
field, j(3> is the cubic nonlinear susceptibility) exceeds the
width of the resonance curve co/Q. The threshold bistability
power is determined by the expression

"4"" rr- (*)

For a quartz resonator (%(3} = IX I0~ l 4 electrostatic COS
units, n = 1.45) with Ein , Hln modes for A = 0.63 jum
(&> = 2w4.7-1014 rad/s) the effective volume must
amount to Feffs3-10~" cm3 ( /= 100, D= 15 /jm) and
Fefr~2-10-9 cm2 (/= 1000, D= 150/zm). For a quality
factor of Q = 108 it corresponds to a threshold bistability
power of Wbis t=;4xlO-7 W and Wbist =:4xlO-5 W for
/ = 100 and / = 1000 respectively. We note that in the exist-
ing bistable Fabry-Perot resonators typical values of Wbist

amount to 10~2-10-3 W
3. Samples of spherical microresonators made of fused

quartz of diameter from 40 to 400 /nn were investigated ex-
perimentally. Using a tunable single-frequency He-Ne laser,
and introducing radiation into the samples by means of
prisms, effectively excited WG modes were observed with a
typical quality factor of 107-108. The maximum measured
value of the quality factor was Q = (3 + 0.3) X 108 in one of
the resonators with a diameter of 150 /urn. The majority of
the modes observed in MR of diameter less than 200/zm had
bistable properties with a pumping power from 10 ~ 5 W to
10 ~4 W. Two types of bistability were observed in quartz
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MR - a slow one with a response time of r = 10 3 -10 6 s
and an equivalent susceptibility of ^-C3) = 10~u-10~13

electrostatic CGS units which corresponded to a thermal
nonlinearity of the MR and also a fast one with r < 10 ~8 s
(the estimate is limited by the experimental methodology),
for which the estimate of the cubic susceptibility amounted
to^(3) = (1.3 ±0.7)X10~14 electrostatic CGS units, in
good agreement with the well-known value of the Kerr non-
linearity of quartz. A more detailed description of the exper-
iment can be found in Ref. 6.

4. In addition to the obvious prospect of utilizing opti-
cal MR with WG modes as miniature narrow-band optical
filters (in the linear regime) one should distinguish two oth-
er important fields of their possible application.

1) The cross interaction of the WG modes due to the
nonlinearity of the material enables one to propose a proce-
dure for the quantum-nonperturbing measurement of the
number of quanta in a single mode Nt by the shift of the
resonance frequency tok of another mode.7 Estimates have
shown that the combination of the small eflFective volume
with the high quality factor of the WG modes enables one, in
principle, to realize such measurements with an error of
AJV,<1.

2) The small dimensions and record-low threshold bi-
stability power enable one to propose the microresonators
with whispering gallery modes to be the basic element in a
real optical computer. A microresonator based on glass with
an admixture of CdSx Se, _ x (%

m~ 10~9 electrostatic CGS

units, a = 104 dbAm) would almost completely satisfy the
set of requirements8 being imposed at the present time on a
discrete bistable element of an optical computer. Thus, with
the size of D = 4 //m (/ = 30) it can have a quality factor
Q = 3-104, a rapid action of r~Q/ca~ 10 ps, a threshold
bistability power Wbist = 4x 10 ~ 5 W and an operating en-
ergy per switching of &0~4' 10~16 J (a thousand photons).
On relaxing the requirement on rapid action (rs:3 ns) and
using MR with a higher quality factor (losses in the glass
with CdS* Se! _ x) make possible a quality factor of Qzs 107,
the value of &0 can, in principle, be reduced down to 10 ~18 J
(single-photon control).

'V. F. Vzyatyshev, V. S. Dobromyslov, V. L. Masalov, S. S. Nesterenko,
and A. A. Potapov, Proc. (Tr.) Moscow Power Inst. (in Russian) No.
360, p. 51 (1978). V. B. Braginskii and S. P. Vyatchanin, Dokl. Akad.
NaukSSSR2S2, 584 (1980) [Sov. Phys. Dokl. 25, 385 (1980)].

2I. I. Minakova and V. I. Panov, Radiotekh, Elektron. 133,1696 (1988)
[RadisEng. Electron. (USSR) (1988)].

3V. B. Braginskii, V. S. Ilchenko, and Kh. S. Bagdassarov, Phys. Lett.
A120, 300(1987).

"G. G. B. Garret, W. Kaiser, and W. L. Bond, Phys. Rev. 124, 1807
(1961).

5 A. Ashkin and J. M. Dziedzicj Phys. Rev. Lett. 38, 1351 (1980). R. E.
Benner, P. W. Barber, J. F. Owen, and R. K. Chang, ibid., 44, 475
(1980).

6V. B. Braginskii, M. L. Gorodetsky, and V. S. Ilchenko, Phys. Lett.
A137, 393 (1989).

7V. B. Braginskii and V. S. Il'chenko, Dokl. Akad. Nauk SSSR 293, 1358
(1987) [Sov. Phys. Dokl. 32, 306 (1987)].

8H. Gibbs, Optical bistability, Controlling light by light. [Russ. transl.
Mir, M., 1988].

M. I. Klinger. Low-temperature properties ofnonmetal-
lic glasses. During the last 20 years an experimental discov-
ery was made of the unusual behavior of low-temperature
thermal, acoustic and dielectric properties of nonmetallic
glasses, which is not typical for crystals and other amor-
phous solids and in this sense it is anomalous. Thus, the heat
capacity C increases linearly with the temperature T, while
the heat conductivity ^^T2 at very low temperatures
7^1 K, while at moderately low T(5 K5rS50-60 K)
C /T3 has a "hump", and^ x const ("plateau"). These low-
temperature properties are universal for all (nonmetallic)
glasses and have their own characteristic nature, and in this
sense provide a fundamental marker for this class of sub-
stances. The so-called "standard tunnelling model" (STM)
has been proposed to interpret such phenomena. This model
is based on two hypotheses1'3'4: 1) there exists a small frac-
tion c<2) «1) of atoms having two close (both in energy and
in space) equilibrium positions - a two-well potential with
an asymmetry (a difference in the siting of the wells)
A < fey0 and a tunnelling amplitude Jzx Au0exp ( — /I) < &a0>
with the frequency of oscillation in the well being a>0^a>0;
2) the density of the distribution P( A,A) of random values of
A and A is uniform P(A,A) xP0 = const. At sufficiently low
energies the motion of the atoms between the wells is deter-
mined by tunnelling. As a result of this tunnelling states arise
(two-level systems) - excitations with a low energy % <^/KOO

which are regarded as being responsible for the properties of
the glasses at all the low Tattoo/kg ~foaD/kB. In particu-
lar, a prediction was made of a possible dependence of the

heat capacity on the duration of the experiment. Within the
framework of this model and the analogy with "two-level
system-spin 1/2" it was possible to interpret many proper-
ties of glasses, but primarily at very low temperatures TS 1
K. A comparison of the relationship between the model and
experimental data has made it possible to estimate the frac-
tion of atoms participating in the appearance of these excita-
tions with an energ_y & 5 0.1 MeV, c(2> ~ 10 ~ 5 and the char-
acteristic energy ~b of their binding to the low frequency
acoustic phonons which turned out to be anomalously large,
b~ 1 eV >&yD.' This had been one of the problems of the
STM. Other unsolved serious problems of the STM touched
first of all on the nature and properties of the excitations
with energies in the range 5 K 5 &/kB 550-100 K (5
K 5 TS 50-100 K) and in general on the nature of the uni-
versality of the nonphonon low-energy excitations determin-
ing the properties of the (nonmetallic) glasses at Tt> 100
K<feaD (cf., Ref. 2).

In this report we discuss the "soft configurations mod-
el" (SCM)-a set of concepts which enable one to give a gen-
eral theoretical description of the universal nonphonon low-
energy atomic dynamics and the corresponding elementary
excitations which determine the low-temperature properties
of glasses noted above. Incidentally the STM turns out to be
a special case of this model and the problems of the STM can
be solved in a natural manner. Moreover, the SCM enables
us to give also a theoretical description of localized electron
states and the anomalous electron properties determined by
them of glasslike semiconductors in their correlation with
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