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J.HE Fifth Inter-Departmental Conference on Atmos-
pheric Optics and Actinometry was held in Moscow on
June 24—29, 1963. Four hundred and sixty representa-
tives of 91 institutions belonging to various depart-
ments of all the republics in the Soviet Union, as well
as representatives of the German Democratic Repub-
lic, Poland and Bulgaria, took part in the Conference.
On the recommendation of the previous conference the
Conference was convened by the Central Board of the
Hydrometeorological Service (GUGMS), the Academy
of Sciences of the U.S.S.R., Ministry of Higher and
Secondary Specialized Education, and the Commission
on Radiation of the Meteorology and Atmospheric Phy-
sics Section of the Inter-departmental Geophysics
Committee. The organizers of the Conference were
the Institute of Atmospheric Physics of the U.S.S.R.
Academy of Sciences, Moscow State University and the
Central Aerological Observatory of GUGMS.

130 papers were heard and discussed.
In the two years since the Fourth Conference

(Leningrad, June, 1961), five very representative,
specialized meetings have taken place, dealing to a
greater or lesser extent with problems of atmospheric
optics and actinometry:

1) Problems of light scattering in the atmosphere
(Alma-Ata, September, 1961).

2) Spectroscopy of light-scattering media (Minsk,
January, 1962).

3) Theory of radiative transfer (Moscow, June,
1962).

4) Results of the International Geophysical Year
(Moscow, January, 1963).

5) Ozonometry (Leningrad, May, 1963).
Moreover, immediately after the end of the Minsk

conference, another conference on spectroscopy was
held, at which papers on atmospheric optics were also
presented. Nevertheless, the program of the present
Conference was extremely heavy and it was not possi-
ble to include all the communications submitted on the
results of new studies.

Such an abundance of scientific work proves con-
clusively the increasing importance of studies of at-
mospheric optics and actinometry, which are attracting
an increasing number of workers. The Conference
demonstrated clearly that the main emphasis is shift-
ing from a descriptive approach to the study of the
basis of physical relationships underlying atmospheric
optical phenomena and to a quantitative analysis of the
influence of various factors on these phenomena.
Wider use is being made of simultaneous, combined

studies of various aspects of atmospheric optical phe-
nomena, as well as of laboratory investigations, and
this has already given some new results of consider-
able scientific and practical importance. Another a s -
pect of the process of overcoming the isolation of
atmospheric optics and actinometry (the historical
division between these two subjects has now lost its
meaning) as a meteorological science and of t rans-
forming it into an important branch of modern optics
became clear at the Conference: the main emphasis
was on scientific problems going far beyond the orig-
inal framework and being of general physical signifi-
cance. The contributions of young scientists and rela-
tively newly formed research teams, such as the teams
at the Institute of Physics and Astronomy, Academy of
Sciences of the Estonian S.S.R., and of the Siberian
Physico-technical Institute, also increased in impor-
tance .

The chief interest of the Conference lay in the fol-
lowing problems:

1. Radiation losses and interpretation of observa-
tions carried out by means of artificial earth satellites.

2. Radiative conditions in a free atmosphere.
3. Scattering of light in the atmospheric layer near

the earth's surface and the microstructure of aerosols.
4. The transparency and transmission function of

the atmosphere in the infrared region of the spectrum
and the problem of atmospheric humidity.

5. Optical properties of thick layers of the scat-
tering medium and the surfaces under it.

6. Brightness and polarization of the daytime and
twilight sky.

7. Radiation balance.
8. Actinometric apparatus.
Opening the plenary session, the Chairman of the

Commission on Radiation, K. Ya. Kondrat'ev, drew
attention to the possibility of using artificial earth
satellites to investigate atmospheric radiation proc-
esses, which poses new problems in atmospheric op-
tics and actinometry. In particular, one of the most
important problems of atmospheric optics is the de-
velopment of methods for collecting meteorological
information necessary for weather forecasting, using
observations made by artificial earth satellites. At
the suggestion of Kondrat'ev, the Conference conveyed
its greetings to the cosmonauts V. F. Bykovskii and
V. V. Tereshkova, who had just successfully com-
pleted their heroic, many-day flight, the program of
which had included atmospheric optics observations.

The main problems of modern atmospheric optics
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and a c t i n o m e t r y w e r e outlined in the in t roductory ad-

d r e s s of the Chai rman of the Organizing Committee of

the Conference and Deputy Chai rman of the C o m m i s -

sion on Radiation, G. V. Rozenberg . In his view, t h e s e

p r o b l e m s a r e :

1. Study of radiat ive h e a t - t r a n s f e r between the a t -

m o s p h e r e and its underlying sur face and outer space

a s a weather-govern ing factor; this d i s turbs the a d i a -

batic dynamics of the a t m o s p h e r e ; a l so methods for

allowing for this factor in equations for n u m e r i c a l

w e a t h e r - f o r e c a s t i n g .

2. Ext ract ion of meteoro log ica l information n e c e s -

s a r y for w e a t h e r - f o r e c a s t i n g from m e a s u r e m e n t s

c a r r i e d out on a global sca le by art i f ic ial e a r t h s a t e l -

l i t e s .

Rozenberg drew attention to the fact that the only

s o u r c e of such information was the e l e c t r o m a g n e t i c

radiat ion ref lected and emit ted by the e a r t h into outer

s p a c e , and that t h e s e p r o b l e m s a r e es sent ia l ly a s t r o -

phys ica l . T h e r e f o r e , the information may be ex t racted

only by s p e c t r a l analys i s in t i m e , space and angular

s t r u c t u r e of the radiat ion field. The es tab l i shment of

p r i n c i p l e s and methods of s p e c t r a l ana lys i s of optical ly

nonuniform media, including the a t m o s p h e r e , becomes

the c e n t r a l p rob lem, not only in a t m o s p h e r i c optics

but in modern optics in g e n e r a l . To develop specia l

methods of s p e c t r a l ana lys i s for the main p r o b l e m s

in the p r a c t i c a l use of w e a t h e r s a t e l l i t e s , it i s n e c e s -

s a r y to study in detai l the optical p r o p e r t i e s ( a b s o r p -

tion s p e c t r a , s c a t t e r i n g m a t r i c e s ) of the main optical ly

active components of the a t m o s p h e r e , as well a s the

optical s t r u c t u r e of the a t m o s p h e r e . Equally important

is the theore t ica l and exper imenta l study of s e v e r a l

p r o b l e m s in rad ia t ive t r a n s f e r ( t h r e e - d i m e n s i o n a l

p r o b l e m s , optics of thick l a y e r s , t r a n s p o r t of r a d i a -

tion in media with randomly d i s t r ibuted p a r a m e t e r s ) .

Final ly, in R o z e n b e r g ' s view, the introduction of opti-

cal methods of studying a t m o s p h e r i c p r o c e s s e s into

p r a c t i c a l geophysical observat ions is a l so an i m p o r -

tant objective.

G r e a t i n t e r e s t was shown in the p a p e r of A. S.

Monin, who outlined the m o d e r n approach to the phys-

ical bas i s of n u m e r i c a l w e a t h e r forecas t ing . L a r g e -

s c a l e a t m o s p h e r i c format ions , which d e t e r m i n e the

s t a t e of the w e a t h e r , have a l i fet ime τ of the o r d e r of

1—2 weeks ; Monin accordingly divided weather fore-

c a s t s into s h o r t - and l o n g - t e r m , depending on whether

the f o r e c a s t range was s h o r t o r long c o m p a r e d with т.

In s h o r t - t e r m f o r e c a s t s , the initial s t a t e of the a t m o s -

p h e r e is impor tant and the dynamic p r o c e s s e s o c c u r r -

ing dur ing the f i r s t tens of hours may be cons idered

to be adiabat ic ; while for longer p e r i o d s , however, it

is n e c e s s a r y to allow for nonadiabatic p e r t u r b a t i o n s

(radiat ive and turbulent heat-exchange, turbulent f r i c -

tion, e t c . ) . In the c a s e of l o n g - t e r m f o r e c a s t s , the

init ial s t a t e of the a t m o s p h e r e itself c e a s e s to be i m -

portant , and the evolution of the boundary conditions

b e c o m e s of p r i m a r y s ignif icance.

An i m p o r t a n t factor governing the n a t u r e of w e a t h e r

changes over long per iods i s , in the opinion of Monin,

the exchange of heat between the a t m o s p h e r e and s e a

s u r f a c e . In th i s , a specia l feedback m e c h a n i s m plays

a decis ive r o l e , with clouds act ing a s the regulat ing

agent, and this radical ly affects the heat-exchange

itself, as well as the heat ing of the s e a by s o l a r r a d i a -

t ion. T h e r e f o r e , f o r e c a s t s of cloud c o v e r a r e one of

the chief factors in l o n g - t e r m w e a t h e r - f o r e c a s t i n g .

This has led Monin to a s y s t e m of forecas t equations,

s o m e e l e m e n t s of which (in p a r t i c u l a r , methods of

allowing for radiat ive heat-exchange) have not yet been

explored. The study of such e lements should, in the

opinion of Monin, occupy a c e n t r a l posit ion in the

m o d e r n theory of l o n g - t e r m forecast ing and in the

c o r r e s p o n d i n g b r a n c h e s of a t m o s p h e r i c opt ics and

a c t i n o m e t r y .

The extensive p a p e r s of K. Ya. Kondrat 'ev, " R a d i a -

tion and w e a t h e r s a t e l l i t e s , " and M. S. Malkevich,

" I n t e r p r e t a t i o n of radiat ion observat ions from s a t e l -

l i t e s , " gave a detai led analys i s of v a r i o u s a s p e c t s of

the problem of using art i f ic ial e a r t h sa te l l i t e s for

col lect ing meteoro log ica l information.

Using as a b a s i s the theore t ica l calculat ions c a r -

r ied out under t h e i r d i rec t ion and the analys i s of

m e a s u r e m e n t s of the radiat ion loss field c a r r i e d out

by A m e r i c a n s a t e l l i t e s , Kondrat 'ev and Malkevich d i s -

c u s s e d var ious poss ib i l i t ies of d e t e r m i n i n g the t e m -

p e r a t u r e of the underlying sur face, the t e m p e r a t u r e

profile of the a t m o s p h e r e , the heights of c louds and

other c h a r a c t e r i s t i c s of the s ta te of the a t m o s p h e r e

from radiat ion m e a s u r e m e n t s c a r r i e d out by s a t e l l i t e s ;

they a l so investigated the s o u r c e s of e r r o r in these

s t u d i e s . In p a r t i c u l a r , they showed that the u s e of

Caplan ' s method for d e t e r m i n i n g the t e m p e r a t u r e of

the underlying sur face from its in t r ins ic radiat ion in

the so-cal led " t r a n s p a r e n c y window" of the a t m o s -

p h e r e (8—12 μ) genera l ly involved l a r g e e r r o r s , but it

was poss ib le to suggest acceptable methods for the

reduct ion of such e r r o r s (for example, by allowing

for the c o r r e l a t i o n between the t e m p e r a t u r e of the

a t m o s p h e r e and its humidity - Malkevich). On the

other hand, one can suggest s e v e r a l apparent ly r e l i a -

ble methods for d e t e r m i n i n g the height of the upper

l i m i t of the cloud c o v e r .

Kondrat 'ev a l so d i s c u s s e d the problem of reducing

the data of m e a s u r e m e n t s of radia t ion flux, obtained

by m e a n s of art i f icial e a r t h s a t e l l i t e s , to the effective

boundary of the actual a t m o s p h e r i c l a y e r ; he used the

r e s u l t s of m e a s u r e m e n t s c a r r i e d out under his d i r e c -

tion, using s t r a t o s p h e r i c bal loons, of the dependence

on height of the radiat ion ba lance and i t s c o m p o n e n t s .

Kondrat 'ev and Malkevich showed conclusively that

the use of art i f ic ial e a r t h sa te l l i t e s for meteoro log ica l

p u r p o s e s was p r o m i s i n g , but that intensive e x p e r i m e n -

ta l and t h e o r e t i c a l invest igations w e r e n e c e s s a r y to

make this u s e effective.

Ε. Μ. Feige l ' son descr ibed the p r e s e n t s ta te of
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knowledge on the optical and radiation properties of
clouds. Bearing in mind the far from satisfactory
position of investigations of the absorption spectra
of water in its gaseous and liquid-drop phases, and
the insufficient data on the scattering of light by water
drops, Feigel'son considered in detail the problem of
radiation transport in a cloud. Analysis showed that
the widely used "two-stream approximation" did not
give satisfactory results in any of its modifications.
At the Institute of Atmospheric Physics of the U.S.S.R.
Academy of Sciences, three methods had been devel-
oped for solving the transport equation for thick layers
of a strongly scattering medium (L. M. Romanova,
G. V. Rozenberg and Ε, Μ, Feigel'son), and these gave
results in good agreement with each other and with
experiment. The use of these three methods made it
possible to obtain a clear idea of the main optical and
radiation properties of stratus clouds, including the
angular dependence of these properties and their de-
pendences on thickness and wavelength. In particular,
the reflectivity and emissivity spectra of a cloud show
clearly the absorption bands of water drops and water
vapor, and these should be allowed for in the analysis
of radiation measurements made by artificial earth
satellites. Feigel'son draw attention to other features
of the optical and radiation properties of clouds which
might be used in interpreting the weather-satellite
data and in calculating the influence of clouds on the
radiative heat-exchange. Unfortunately, experimental
investigations of the optical and radiation properties
of clouds lag greatly behind theory.

The paper of Yu. D. Yanishevskii, Yu. K. Ross and
M. A. Sulev contained an analysis of the present state
of measurements of the radiation balance and its long-
wavelength components at the surface of the earth.
The existing instruments for measuring this balance
and pyrheliometers do not satisfy the growing require-
ments of present-day actinometry. Systematic e r rors
due to the selectivity of the coatings of receiver sur-
faces, and to the sensitivity of the instruments to wind,
velocity and direction, reach several per cent or even
tens of per cent. Moreover, they are not weather-re-
sistant. There are very large e r r o r s in the determina-
tion of their sensitivity to long-wave radiation. There
is no instrument which could be used as a standard.
Yanishevskii, Ross and Sulev believe that, in addition
to the necessary development of essentially new in-
struments, special attention should be paid to the de-
velopment of apparatus for calibrating these instru-
ments, to the improvement and standardization of the
receiver surface coatings, and to the organization of
comparisons of the instruments under various climatic
and weather conditions.

A separate session dealt with the problem of radia-
tion losses, i.e., radiation reflected and emitted by the
earth into the cosmos, in connection with problems of
interpreting radiation data obtained by means of art i-
ficial earth satellites.

Μ. Κ. Markov, A. V. Liventsov, Ya. I. Merson and
M. P. Shamilev reported the results of a study of the
angular distribution of thermal radiation of the earth
by means of geophysical rockets. Considerable devia-
tions from theoretical predictions were found which
the authors believe should be ascribed to radiation from
the atmosphere itself above 35 km.

A series of theoretical papers, presented by the
Department of Atmospheric Physics of Leningrad
State University (K. Ya. Kondrat'ev et al), the Institute
of Atmospheric Physics, U.S.S.R. Academy of Sciences
(M. S. Malkevich et al), the Main Geophysical Observ-
atory (K. S. Shifrin et al) and the Institute of Atmos-
pheric Physics of the Estonian Academy of Sciences
(O. A. Avaste, Kh. Yu. Niilisk et al) outlined a suffi-
ciently clear picture of the angular and spectral struc-
ture of the lost radiation field, both for long and short
wavelengths. The influence was found of the tempera-
ture profile of the atmosphere, the distribution with
height of the optically active components and the state
of the earth's surface and the cloud cover. A study
was made of a wide range of models, reflecting possi-
ble variations in atmospheric conditions, to be used
under various conditions of measurement (various
spectral ranges, use of wide-angle and narrow-angle
receivers, variations in the height of the sun, bright-
ness profile of the horizon, etc.). The results of cal-
culations carried out mainly by means of electronic
computers allowed the authors to propose certain
ideas on the limits of applicability and the degree of
reliability of various methods of determining the state
of the atmosphere from satellite data.

The possibility of using space spectra of the radia-
tion loss field for the objective determination of para-
meters of cloud cover and for the determination of
weather conditions (including atmospheric turbulence
characteristics) was discussed in the paper of M. S.
Malkevich, I. P. Malkov, G. V. Rozenberg and G. P.
Fareponova. Novel optical apparatus for the study of
space spectra of radiation, using photographic images,
was described in the paper of Ε. Ο. Fedorova and the
late N. S. Shestov.

A. A. Dmitriev analyzed the possibilities of re-es-
tablishing the structure of the radiation field from
measurements with wide-angle radiation receivers.

At a session dealing with the radiation conditions
in a free atmosphere, the results of measurements of
the sky brightness in various parts of the visible range
of the spectrum were reported as a function of height;
they were obtained by means of geophysical rockets
for heights up to about 500 km (A. E. Mikirov) and by
aircraft for heights of 8—17.5 km (A. B. Sandomirskii,
N. P. Al'shovskaya, and G. I. Trifonova). The impor-
tant result of these studies was the confirmation of the
aerosol nature of scattering at all heights and the ex-
istence of aerosol layers, as well as (in the case of the
aircraft measurements) the determination of the sea-
sonal variation in the sky brightness. M. S. Kiseleva,
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E. D. Sholokhova, B. S. Neporent and E. O. Fedorova
carried out similar measurements in the range of the
spectrum from 1 to 3.5 μ, using stratospheric balloons
up to a height of 17 km; they simultaneously investi-
gated the variation with height of the direct solar ra-
diation spectrum, which made it possible to determine
the variation with height of the atmospheric transpar-
ency inside and outside the absorption bands of water
vapor.

The important influence of stratification of the
atmosphere on the measured value of the radiation
temperature of the earth's surface, in the case of
aircraft measurements in the "transparency window,"
and the strong dependence of the cloud radiation in the
8—12 μ region on the cloud thickness and state of its
upper surface, were reported by V. L. Gaevskii, Yu.
I. Rabinovich et al. A group of workers at the Institute
of Atmospheric Physics of the U.S.S.R. Academy of
Sciences, cooperating with B. P. Kozyrev, constructed
and tested in the summer an aircraft instrument for
measuring the radiation balance in the spectral ran-
ges 0.3—3, 0.7—3 and 2.5—40 μ. These measurements
provided the aerosol absorption in the 0.3—0.7 μ
range and gave the space spectra of the radiation re-
flected by clouds of various types. The method and
results of a study of the spectral and angular distri-
bution of the thermal radiation of the atmosphere, ob-
served from the earth, were reported by S. V.
Ashcheulov.

Theoretical calculations of the role of the absorp-
tion band of carbon dioxide in the region of 15 μ under
the thermal conditions in the mesosphere were repor-
ted by G. M. Shved. L. V. Petrova and Ε. Μ.
Feigel'son calculated the influence of radiation on the
process of cloud formation.

One of the sessions on the problem of the scattering
of light in the lowest layer and the microstructure of
aerosols was devoted completely to investigations of
the influence of aerosols on the transparency of the
atmosphere for a directed light beam. The greatest
attention was attracted by the paper of K. S. Shifrin
and A. Ya. Perel 'man, "Calculation of the particle
spectrum from data on the spectral transparency."
They showed that if the attenuation of the light beam
was due to the presence of non-absorbing spherical
particles in its path, the size distribution of these
particles could be determined uniquely from the spec-
tral dependence of the transparency; they suggested a
simple algorithm for finding the spectrum of the par-
ticle, which requires knowledge of the transparency in
a relatively small number of narrow spectral ranges.
However, these ranges should cover a sufficiently wide
band of wavelengths, depending on the size distribution
of the particles (under atmospheric conditions this
band should extend from 0.2 to 25 μ). Otherwise the
problem cannot be solved, which invalidates the num-
erous attempts to determine the particle size spectrum
from measurements of the spectral transparency over

narrow ranges of wavelength.
A lively discussion also arose out of the papers of

K. S. Shifrin and G. M. Aivazyan, "Allowance for the
scattering function in measurements of the transpar-
ency," M. V. Kabanov and S. D. Tvorogov, "On the
dependence of the attenuation coefficient on the photo-
metric thickness of the medium," and M. V. Kabanov,
"Diffuse transmission of radiation in the atmosphere
in the case of single scattering."

These papers gave theoretical and experimental
analyses of the problem of the influence of single
scattering through small angles on the magnitude of
the light flux reaching a receiver in measurements of
the brightness of a directed light beam passing through
a scattering medium. A study was made of the influ-
ence of the receiver aperture, angular dimensions of
the light beam, distance between the source and
receiver, and the form of the scattering function (i.e.,
the dimensions of the particles and wavelengths). It
has been shown that under the conditions of actual
measurement, single scattering introduces very im-
portant e r r o r s , reaching tens of per cent, in the meas-
ured attenuation coefficient, and the values of such
errors depend strongly on the absorption conditions
and have a definite spectrum, which depends on the
size distribution of the particles.

Therefore, the methods and results of transparency
measurements in scattering media require serious
review, for the purpose of which it is necessary to
carry out an extensive program of special studies.
In the discussion, G. V. Rozenberg drew attention to
the necessity of an additional allowance for the effect
of coherent scattering of light at small angles, and of
multiple scattering in the forward direction.

Experimental investigations and theoretical calcula-
tions of the relationship between the spectral trans-
parency and microstructure of artificial fog, carried
out at the Siberian Physico-technical Institute (V. E.
Zuev et al) have shown that there is good agreement
between the experimentally observed and theoretically
expected dependences of the attenuation coefficient on
various parameters. At the same time, the experimen-
tally determined absolute values of the absorption co-
efficient are systematically greater than the calculated
values, and the greater the optical density of the fog,
the greater the difference. Zuev et al. suggest that the
reason for this should be sought in the defects of mi-
crophysical measurements, although the latter were
carried out by three independent methods.

Various experimental studies of the conditions of
propagation of a directed light beam in a turbid med-
ium of large optical thickness were carried out at the
Physics Institute of the Belorussian Academy of Sci-
ences (A. P. Ivanov et al). Quantitative dependences
were found for the spreading of the beam as a result
of multiple scattering of the light, and the influence
was determined of the parameters of the medium and
the light-beam diameter on the illumination and angular
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structure of the light field at various depths.
M. A. Gol'dberg described apparatus for measuring

the range of visibility at night from the brightness of
back-scattered light from a projector beam. S. P.
Tvorogov reported calculations of the coefficient of
light attenuation by two-layer spherical particles.
The pressure of light on a drop of water was calcula-
ted by K. S. Shifrin and I. L. Zermanovich.

A special session was devoted to studies of scat-
tering functions and their use for the study of aerosol
mic rostructure.

Calculations of cooperative (collective) effects in
the scattering of light by a random assembly of part i-
cles were carried out by O. A. Germogenova, using
the group-integral method. An experimental study of
the scattering functions of absorbing particles, having
an irregular shape, carried out by Ivanov et al, showed
that these functions were essentially different from
those for spherical particles. Therefore, the wide-
spread use of the Mie theory for the description of
light scattering in a medium consisting of randomly
oriented particles of irregular shape is completely
unjustified.

Apparatus for measuring the size distribution of
particles by observing the scattering functions in the
region of the solar halo was described in the papers
of S. S. Khmelevtsev (laboratory instrument with a
small base) and Yu. S. Lyubovtseva (field apparatus
with bases of 60 and 250 m). Lyubovtseva obtained
monochromatic scattering functions over angles from
10' to several degrees for various states of the lowest
layer of air and studied their variations during the
process of formation of a fog and its subsequent
changes.

Some results of measurements of the solar halo
were reported in the papers of T. P. Toropova, Ya. A.
Teifel ' , Yu. S. Georgievskii and G. F. Sitnik.

A. Ya. Driving, I. M. Mikhail in and G. V. Rozenberg
investigated the angular dependences of the polariza-
tion of effectively monochromatic light scattered in the
lowest layer of air under misty conditions. It was
found that the angular dependence of polarization in
the rainbow region was very sensitive to change in the
scattering-particle dimensions. Some properties of
the aerosol scattering function and of the polarization
of light, in the case of scattering in the lowest layer
of the atmosphere, were also investigated by T. P.
Toropova. G. I. Gorchakov measured the angular de-
pendences of all the 16 components of the scattering
matrix for an atmospheric mist and showed that in a
thick mist the scattering matrix was close to the ex-
pected one for spherical particles.

As in earlier years, much attention was given to
investigations of the brightness and polarization of the
daytime and twilight sky, chiefly from the point of view
of investigating the optical properties of the atmosphere.

K. Lenz reported the main results of studies carried
out in recent years at the Institute of Optics and Spec-

troscopy of the Berlin Academy of Sciences (German
Democratic Republic) under the direction of Professor
Feuzig. These extensive investigations have shown the
important features of polarization of the daytime and
twilight sky and have yielded several spectral and other
dependences which require special analysis. The r e -
sults of polarization measurements on the daytime sky
were reported by E. V. Pyaskovskaya-Fesenkova, P. N.
Boiko et al. It was clearly shown that the polarization
was affected strongly both by multiple scattering and
by the aerosol composition of the atmosphere and state
of the earth's surface.

Comparison of the theoretical and empirical data
with daytime sky brightness led G. Sh. Livshitz to the
conclusion that the intrinsic absorption (mainly by
ozone) must be allowed for. The results of a calcula-
tion of the spectral distribution of the brightness of a
cloudless sky at various heights were reported by
M. S. Averkiev, L. A. Biryukova, V. K. Kagan and
E. P. Ryabova.

A lively discussion was caused by the papers of
L. B. Gusakovskaya on polarization observations at
twilight, N. B. Divari on the investigation of optical
properties of the atmosphere by the twilight method,
D. G. Stamov on the influence of inhomogeneities of
the atmosphere on twilight polarization of the sky and
Gnilovsku on the infrared spectrum of the twilight
sky. The very interesting observational data reported
by these workers (and by K. Lenz) proved conclusively
the sensitivity of twilight phenomena to variations in
the optical structure of the atmosphere; the data illus-
trated clearly that to interpret the twilight measure-
ments reliably, it was necessary to measure simul-
taneously several related parameters and to develop
further the theory of the twilight method for probing
the atmosphere. The latter problem was discussed in
a paper by G. V. Rozenberg, which contained a detailed
analysis of the nature of various twilight phenomena.

The papers of V. A. Belinskii et al and of A. D.
Zaitseva contained the results of an experimental
study of the direct and scattered ultraviolet radiation
of the sun.

The important problem of the spectrum of solar
radiation outside the atmosphere, its transformation
by the atmosphere and of the spectral transparency
of the atmosphere was discussed in the papers of
G. F . Sitnik and L. V. Daeva, as well as by D. S.
Aksenov, V. V. Kol'tsov and D. N. Lazarev. The de-
termination of the height of the ozone layer from ob-
servations of direct solar radiation was described by
G. I. Kuznetsov.

Studies of the transparency and transmission func-
tion of the atmosphere in the infrared region have
shown that although there are some successes in this
subject, they are far from sufficient, bearing in mind
the importance of this for the solution of problems
arising in connection with the use of artificial earth
satellites for meteorological purposes. The results
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of spectral measurements of atmospheric absorption
in the infrared region were reported in papers presen-
ted by the Department of Atmospheric Physics of
Leningrad State University (I. Ya. Badinov et al). Data
were also obtained on the absolute spectral bright-
nesses of solar radiation outside the atmosphere. Ex-
perimental studies of the transmission function of the
atmosphere were reported by A. M. Bronshtein and
K. V. Kazakov, as well as by V. E. Zuev et al, who
also carried out calculations of atmospheric t rans-
parency for infrared radiation.

V. P. Kozlov reported on a study of the allowed
infrared spectra for the calculation of internal t rans-
mission.

Considerable success has been achieved in the use
of spectroscopy for the study of atmospheric humidity.

The different variants of the measurement method
and the results of measurements of humidity at vari-
ous heights were discussed critically in the paper of
M. S. Kiseleva. B. S. Neporent et al described an opti-
cal hygrometer for measurements of humidity at the
earth's surface. An automatic recorder of the total
water-vapor content of the atmosphere was construc-
ted by I. Ya. Badinov et al. Measurements of the ab-
sorption of solar radiation by water vapor were car-
ried out by G. F. Sitnik et al.

Using a small optical hygrometer, L. G. Elagina
was able to investigate, for the first time, the fre-
quency spectra of turbulent pulsations of the absolute
humidity as a function of atmospheric conditions, ob-
taining good agreement with theoretical expectations.

At the session on the optical properties of thick
layers of the scattering medium and the underlying
surface, a lively discussion arose in connection with
the paper of Yu. K. Ross on the mathematical state-
ment of the problem "Radiation conditions and photo-
synthesis of vegetation cover."

Having pointed out the important influence of radia-
tion conditions in vegetation cover on the processes of
photo-synthesis and moisture transpiration, as well as
the dependence of radiation conditions on the structure
of the vegetation cover and the biological state of green
plants, Ross formulated in general terms the problem
of radiation transfer in the vegetation cover. For a
mathematical statement of the problem, it is necessary
to allow for three factors:

1) The considerable optical anisotropy of the med-
ium.

2) The random nature of the distribution of scatter-
ing and absorbing regions (leaves, stalks, etc.).

3) The vertical nonuniformity. This leads to a
general class of problems in transfer theory which
have not yet been investigated and which go far beyond
the problem of radiation conditions in the vegetation
cover.

There was general interest in the paper of O. A.
Germogenova, who investigated the possibility of
solving the converse problem of the theory of radia-

tive transfer in a layer of scattering medium. Germo-
genova showed that, in many cases, it was possible to
suggest a relatively simple algorithm for determining
of the scattering function from the angular dependence
of the brightness of the light reflected or transmitted
by a not-too-thick layer of the scattering medium.

The conditions for propagation of radiation in a
medium with a reflecting base were discussed in the
paper of A. M. Samson and K. S. Adzerikho.

An experimental study of the optical properties of
thick layers of a scattering medium as a function of
the specific absorption, thickness of the layer and
depth in the layer, carried out by A. P. Ivanov et al,
confirmed several predictions from the theory of
Rozenberg and made it possible to determine some
parameters which occurred in Rozenberg's formulas.

Investigation of the spectral and angular optical
characteristics of snow, carried out by I. P. Malkov,
also showed agreement with Rozenberg's theory and
with Feigel'son's calculations, and led to a determina-
tion of several parameters in Rozenberg's formulas.

Variations in the reflection function of snow were
reported by L. B. Krasil'shchikov and V. I. Korzov.

Yu. R. Mullamaa carried out extensive calculations
of the angular dependence of the brightness and polar-
ization coefficients of the light reflected from rough
sea waves as a function of the velocity and direction
of wind and of the directions of incidence and reflec-
tion of light.

The relationships found in this way showed that it
should be possible to determine the velocity and direc-
tion of wind at the sea surface from the parameters of
the solar streaks on the sea surface observed from
artificial earth satellites. The effect of waves on the
albedo of the sea surface was also calculated.

The results of measurements of the albedo in a
mountainous region, carried out by means of a heli-
copter, were reported by I. P. Belyaev.

An experimental study of the reflection of light by
rough surfaces led A. S. Toporets to an important
conclusion: irrespective of the nature of the surface,
specular reflection appears at angles of incidence
(reflection) i satisfying the simple relationship
h cos i = λ , where h is the average height of the
microroughness of the surface and λ the wavelength
of light.

At a session on radiation balance, S. Kh. Lingova
described the radiation conditions in Bulgaria. The
results of actinometric measurements from an air-
craft over the Antarctic and actinometric observations
at sea were reported by V. I. Shlyakhov. Theoretical
and experimental investigations of the balance of long-
wavelength radiation in a layer next to the sea surface
were described by V. S. Samoilenko; N. E. Ter-Mar-
karyants reported on a method and results of calcula-
tions of the long-wavelength balance at sea.

N. I. Goisa and L. I. Sokali investigated the rela-
tionships between the transparency coefficient of the
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atmosphere and the coefficient of turbulent exchange in
the lowest layer, and between the balance of long-
wavelength radiation and temperature gradient in that
layer. The role of the effective surface in the estab-
lishment of radiation balance was investigated by
G. V. Kirillova.

K. A. Tavartkiladze described methods he had de-
veloped for calculating the effective radiation for the
Trans-Caucasus.

I. Yu. Undla used the data of seven years of actino-
metric observations at Tartu to investigate the varia-
tion of the solar radiation sums. The results of meas-
urements of radiation fluxes for differently oriented
surfaces and of the determination of the influence of
cloudiness and screened horizon were reported by
K. Ya. Kondrat'yev and M. P. Fedorova; Yu. L. Rauner
and N. I. Rudnev investigated experimentally the ver-
tical distribution of the radiation balance components
in a deciduous forest.

At a session on actinometric apparatus, P. V.
V'yushinov and Yu. A. Sklyarov reported on their
bolometric pyrheliometer for absolute measurements
of the direct solar radiation. A fast-acting automatic
spectrophotometer for combined studies of short
radiation fluxes in the atmosphere was described in
the paper of V. V. Mikhailov. The construction of an
absolute inertial pyrheliometer and some experimental
results were described by E. F. Babenkov; L- V.
Gul'nitskii et al reported a determination of the in-

tensity of radiation by the method of varying the state
of the receiver surface. A study of the dependence of
the sensitivity of actinometric instruments on pres-
sure and temperature was carried out by G. N.
Gaevskaya and M. P. Fedorova.

Experiments on the use of automatic integrators in
actinometry were reported by Yu. M. Reemann;
Kh. Yu. Niilisk described his photo-actinometric spec-
trophotometer and photometric rack for measurements
of the radiation field in the vegetation cover.

At the final plenary session, the Conference passed
a resolution which, in particular, mentioned: the
necessity for concentrating efforts on the most p ress -
ing problems of atmospheric optics and actinometry;
the necessity for a closer coordination of studies car -
ried out at different institutions; the need for estab-
lishing a centre for checking and comparison of actino-
metric apparatus; the need for uniform terminology,
in keeping with the present state of the science, etc.

The Conference requested the Institute of Physics
and Astronomy of the Estonian Academy of Sciences
to organize the Sixth Conference on Actinometry and
Atmospheric Optics in 1965 in Tartu.

. Translated by A. Tybulewicz


