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A scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was held
on April 20 and 21, 1988, at the S. I. Vavilov Institute of
Physics Problems of the USSR Academy of Sciences. The
following reports were presented at the session:

April 20
1. V.M. Agranovich. The current state and future pros-

pects of linear and nonlinear spectroscopy of surfaces and
thin films.

2. V. M. Pudalov and S. G. Semenchinskii. A physical

V. M. Pudalov and S. G. Semenchinskii. A physical
standard of the unit of electrical resistance based on the quan-
tum Hall effect. The discovery of the quantum Hall effect
(QHE) by K. von Klitzing in 1980 heralded the possibility
of defining a standard physical unit of electrical resistance
which would remain constant in time and be defined by the
ratio of fundamental constants:

4 - = 25812.80 Q. (1)

A series of investigations, carried out in 1981-1987 at
the institutes of the USSR Academy of Sciences and the Gos-
standart (State Bureau of Standards) (see reviews in Refs. 2,
3), have shed light on the physical nature of QHE and devel-
oped the scientific foundation for the use of this phenome-
non in metrological and measurement technology. This sci-
entific foundation is currently embodied in a high-precision
measurement apparatus built and operated at the All-Union
Scientific Research Institute of Metrology of the Gosstan-
dart.4~6 This apparatus can reproduce the unit of resistance,
as defined by the ratio of fundmental constants, with
1X 10~8 precision and transfer this standardized unit to re-
sistance standards of the traditional type.

The heart of the measurement apparatus consists of a
semiconductor structure cooled to a temperature of 0.35 K
and placed in a strong magnetic field 2?< 13 T. Under these
conditions the Hall resistance of the structure has a quan-
tized value RH = 6453.20 or 12906.40 ft, respectively 1/4
and 1/2 of the h /e2 ratio.

The measurement apparatus then transfers this quan-
tized benchmark value to ordinary nominal resistance mea-
sures (with l-10~8 precision), which maintain it between
measurements ( ~ 1 month), and also to decimal nominal
measures of 100 fl (with 5 1 0 8 precision). In the latter
case a so-called Hamon divider is used,7 consisting of a col-
lection of resistors connected either parallel—for compari-
son with the 100 ft measure, or in series—for comparison
with RH.

An impressive feature of the quantum Hall effect is the
precision with which the R „p plateau value (1) is repro-
duced in different experiments on different samples. In Fig.
1 we present a fragment of the Hall resistance R ffp as a func-
tion of Landau level filling factor v near v = 4. A magnified
central region of the plateau is shown for five independent
measurements4-5 taken over two days. Clearly, within ex-

standard of the unit of electrical resistance based on the
quantum Hall effect.

April 21
3. R. A. Syunyaev. "Roentgen": an international orbital

observatory on the "Kvant" module (first results).
4. V. L. Afanas'ev and N. V. Grudzinskii. Utilizing the

"Kvant" complex for acquiring and analyzing visual im-
ages.

5. A. D. Kuz'min. The pulsar time scale. Brief summar-
ies of two reports are presented below.

perimental error the RH plateau is horizontal. The repro-
ducibility of these results was studied with different sets of
measuring devices:45 it was no worse than (1-4) • 10~8.

Nonetheless one cannot exclude in advance the possi-
bility that R „ p could deviate from the quantized value (1),
for example because of nonideal experimental conditions. In
order to control the true precision with which R ^ is repro-
duced experimentally, we measure the residual dissipative
resistance/?™". It had been previously determined (see, for
instnce, Refs. 7, 8) that small deviations of RH from the
quantized value are proportional to pxx with a coefficient of
~ 0.1. Consequently, if 10 ~8 precision is desired p™n cannot
exceed 10"3 ft/D.

This precision measuring apparatus has been used since
1987 to verify the long-term stability of extra-stable preci-
sion resistors of (1—3) • 10~8 precision. Figure 2 illustrates
the temporal variation of the resistance of two resistors kept
in a thermostat at T= 20 + 0.005 °C. These two resistors
are part of the measurement apparatus: they maintain the
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FIG. 1. Fragment of the curve of the Hall resistance as a function of the
filling factor v near v = 4.5 The inset shows a magnified section of the
curve with points taken at different temperatures over a period of two
days.
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FIG. 2. Drift of resistance with time for two thermally stabilized resis-
tors."

tee on electricity of the International Committee of Weights
and Measures (BIPM) will designate a new value of h /e2

appropriate for reproduction of the Ohm by national stan-
dards such that the reproducible Ohm units approach ilsi as
closely as possible. The new definition of the Ohm (fl90)
should come into effect on January 1, 1990. The above-de-
scribed apparatus will be utilized to define practically the
fl90 standard, which will improve the precision and agree-
ment with n s i by a factor of 3-10 over existing standards.

quantized value between comparisons with RH. At the end
of 1987 the value of RH, reproduced by the measurement
device, was compared to the primary national Ohm stan-
dard, yielding the result10

4 - = 25812.8-(l-0.068-10"6± 0,13-10-6)

In ftUSSR units as of July 22, 1987. Referring to the 14th
international comparison of national standards" we obtain
the value

-^ = 25812.8-(1 + 0.217-10-« ± 0.22-10"6) Qsl. (2)

We note that this result differs from the value obtained
at the last (1986) standardization of fundamental constants
byonly2xlO- 9 .

In late 1988, on the basis of this and similar measure-
ments of h /e1 at other laboratories the Consulting Commit-
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A. D. Kuz'min. The pulsar time scale. In 1979 Soviet
scientists proposed a new time scale based on the periodicity
of radio-frequency radiation pulses from pulsars.1'2 By vir-
tue of its astronomical nature this scale would be long-lived,
reproducible, identical for all observers, and would have
unique null points.

The primary standard of this scale is provided by the
pulsar. The scale is defined as the continuous sequence of
time intervals between pulsar radiowave pulses

P0N+ ±.p0P0N*, (1)

where Po and Po are the period and its derivative at the initial
moment in time and N is the current pulse number. Param-
eters Po and Po are stable characteristics of a given pulsar.
Consequently, if they are measured once, relation (1) may
be employed to predict the future pulse arrival times.

Since the Earth rotates about its axis and revolves
around the Sun the distance of the time scale apparatus from
the pulsar changes and, consequently, so does the pulse
propagation time. In order to exclude this effect the time is
referred to a fixed point in the inertial coordinate system—
the barycenter of the Solar system—according to the rela-
tion

t6 = tH + -^--&tp, (2)

where tn is the observed pulse arrival time, rffi is the vector

connecting the observer with the barycenter, n is the bary-
center-pulsar unit vector, and Afre, is the relativistic correc-
tion for the timekeeping of an earth-based clock in the vari-
able gravitational field experienced by the earth in its orbital
motion.

A sequence of measurements according to this program
has been carried out at the Radioastronomical Station of the
FIAN (Pushchino, Moscow region) since 1979. The most
stable pulsars known at the time, PSR 0834 + 06 and
1919 + 21, were used. The results are illustrated in Fig. 1 in
terms of the Allen dispersion:

o(r)=l-{[(R(t + x)-2R(t) + R(t-x))r'^), (3)

where r is the measurement interval, R (f) is the deviation of
the pulse arrival time from the expected, as defined by
expression (1). The Allen dispersion measurements on
atomic time standards are also plotted in Fig. 1.

For an ideal clock the deviations R would be a random
variable, independent of the measurement interval r, and the
dispersion <r(r) would fall linearly with r. In Fig. 1 we find
that a(r) does indeed fall with r. But for atomic standards
this trend persists for short measurement intervals only (for
the cesium standard T S 10 days). At longer intervals a(r)
ceases falling and even begins to increase, indicating unpre-
dictable drifts that hamper high precision.

In the case of pulsars, er(r) continues to fall over the
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