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"ASYMMETRY OF THE ATMOSPHERIC TNDICATRIX OF SCATTERING OF LIGHT"

Ye. V. Pyaskovskaya ~-Fesenkova.

TInstitute of Astronomy and Physics,

Academy of Sclences of Xezakh SSR,

City of Alma-Ate.

__[ﬁo‘oe: the following report appeared in the regular Geophysics' section of
the thrice-monthly Doklady Akedemii Nauk SSSR, Volume T3, No 2 (11 July .. -\

1950), pages 287 - 290./

As was shown by myself, the familier formule of sky brightness de-
rived from assumption of scattering of only the pirst order and absence
of influence of the atmosphere's illumination by the underlying surface

fully represents observations of the brightness of the dey sky according

to the almucantar of the Sun, at least in the case of absence of & Bsnov
planket. This formula 1s the following:

! ! m
v‘ ) B = -Eg 1;6(49),")9%?01' B = EZ,G" f(’!ﬁ)ﬂ‘lF (l)
Atz
Here B is the prightness of the sky at angular distance the*:a‘ "J from the
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Sun; Eg is the illumination by the Sun on an area perpendicular to radia-

tion outside the atmosphere; m is +the atmospheric mass in the direction

r toward the Sun or toward the observed point of the sky, which is without

effect for the almucantar of the Sunj; P is the coefficient of the atmos-

o g
phere's transparency: * =1: 2f;/ 2() sinddd; £(d) 1is the indicatrix
of scattering of light aiy(af) = (is the flow of scattered light in a unity
golid-engle under the angle of Scatteringeﬂ (strength of the scattered light) .

6 M
Iet ue determine on the basis of observed material ¥ £7(J) =Tk, the

ratio of the gtrength of scattered light under anglezS of sca.tter to the en-
tire f;u!o/ of scattered light. In &8 much a8 the indicatrix of scattering
pormalized is in such manner that sorad= 90° we have £ (J) = 1, then for
thisd) we have that y/k = 67/k; namely, the ratio of the coefficient of scat-

tering to the coefficient of attenuation of light (in the case of absence

-1 -

CSTHCTED | | |

Declassified i - iti ‘
ified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050021-2




Declassified in Part - Sanitized Copy Approved for Release - - =
fi Part - Saniti
iti v I /04/20 : Cl. 2
d C A » d for R 2012/04/20 A-RDP82-00039R00020005002

‘ RESTRIGTED

of pure abeorption). The velues of/u/k cherscterize the scat-
tering ebility of the atmosphere.
The brightneses of & clear day gky, and also of an area

with known albedo set perpendicularly to solar rediation, was

observed by myself, using & visuel photometer of V.G.Fesenkov's
design suppiied with blue, green, and red Shott filters (ef-

fective wavelengths of the system: eye-filter were respectively

476, 546, and 625 mu). The cbeervations were performed mostly
in South Kazakhstan at verious altitudes above gealevel.

Because the formuls (1) fully represents observations, we

have
p= B 1 (2) A

En ©

!

in as much as B = E;)pm, holds true where Egls the illumina- S

tion from the Sun on an areé perpendicular to radiation at

the site of observation. The B coefficient of attentuation

..7
)
i

due to scattering is given by:
U

k = 2%119511319& (3)

Lol

We have from obser;ations the ratios of sky brightness, |
for veriousad, to soler {11lumination B/Eg, and also m, which
were determined from Bemporad's table. Teble 1 gives the
values of/u/k sveraged for each observation site separately

for all three £ilters and also the number of observations.

The values of/u/k may be represented in the form/u/k = a/161
by analogy with the Rayleigh scattering, for which we have
/u/k = 3/1617for29= 90°- Teble 1 gives the values of the num-

erator &.

From Table 1 ve may draw +he conclusion that on the average
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the values of/u/k do not depend on the eltitude of the cbser-
vation site in the lower aerosol leyer of the atmosphere.

Teble 2 gives the same values of &, taken &8 the average
of all values of & given in Table 1, for each wavelength and
separately with the mean-square errors. In addition, for sake
of comparison, the & values are given for the Reyleigh and
spherical indicatrices of scattering.

Teble 3 glves the same values of a as do Teble 1 and 2
- for deys with maximum and ¥ minimum observed elongation of
the indicatrix ® of scattering for) = 546 mu. In addition,
deviations ofAthe first indicatrix from the second for various
Ayis given in percgnts.

From analysis of all tebles it it as a mghd rule that
the more the indicatrix of scattering is elongated "for-
werds," the more it is compressed "back." For.) = 60 and PO
the deviations from average even of individaal values of{uﬁc
1ie within limits of accuracy of observations or nearly in
these limits (the relative error of p/k depends on m end is
3 to 5%). However, while forﬂ9= 60° these deviations have
no systematic behavior with variation of elongation of the
indicatrix, scattering for 8 = 90° such systematic behavior,
although not great, is already noticeable; namely, as &
rule,/u/k for thisagdecreases with increasing elongation of
the indicatrix of scattering. Therefore in the real atmos-
phere the ratio of the coefficient of scattering to the co-
efficient £ of attenuation of light ok Qu/k forad = 900)
of the same ®wave length varies little. For the investigated
part of the xER spectrum, ©/k decreases slightly with increas-

ing wave length, keeping close to the Rayleigh value.
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f lf From the tablee presented we mey draw the conclusion that
with increasing wavelength) the elongation of tne indicetrix
of scattering increases nporgards” and decreeses mpackwerds.”
%a Thie confirms the familiar phenomenon of broadening of the
f solar cor?n& with increasing);. Let ue determine the asymmatry
of the indicatrix of scattering for all three wavelengths.
For this purpose let.us find the ratio/u10u2 of strength of
scattered light veorwerds” and "packwards' for symetrical
angles of scattering. Let us taken9: 1) 20 and 16003 2) ko
and 140°; 3) 60 and 1200, For these three combinations of
%hota49we obtain on the pasis Jof observations the mean velue
of[u14u2 as presented in Teble L.
These valueevof fiéug are plotted 6n a graph as & function
of ) (see circles on figure 1). Individuel values °f[ul4”2

give points that are rather dispersed, put the mean values,

4 5: as seen from the figure, arep placed well on straight lines,
which intersect near ) = 300 Wy, P10“2 - 1. Therefore, if
such an extrapolation may be accepted, near?\ = 300 mu the

asymmetry of the indicatrix of scattering vanishes, and for }

h‘é 300 mu the negative effect of Mie should occur . Such a

conélusion is contrary to the theory of Mie,from which it

follows that with increasing 2,;%/,{ , vhere ¢ is the redius of

the scattering particle, the asymmetry of the indicatrix of

scattering increases. For @ constant the asymmetry of the

indicatrix should increase with decreasing wavelength. Ob-

servations of the brightness of the sky provide & contrary

result. .
If from the strength of the scattered light we separate

for eachnga component due to air molecules, the remainder will
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will correspond to the aerosol component. The esymetry of
aerosol indicatrix of scattering is more sharply expressed
than the total (molecules + aerosols) and aleo decreases with
wevelength. Figure 1 gives/ulﬁug in the case of aerosols for
qQ: 1) k4o end 140°, and 2) 60 end 120° (see crgsses). In-
dividual values of [.\]_/{ug for the aserosol & component show

a still more conspicuous scattering of points than—fer—the
serosol.component. ghou-8- Wﬁpﬂmm
of~poiute than for the total, because of a considerable rela-
tive error. However, the mean values of P14u2 for the two
combinations indicated are arranged well on straight lines,
as seen from the figure. The values of PlOuz are not plotted
for of = 20 end 160°, because in this case the mean values

are obtained only from two individual values and therefore
are widely scattered. However,‘as seen from Table 5, where

/u10u2 are given for aerosogl, the values of/u26ﬁul60° also

increase with increasing wavelength.

In order to defy contradictions with respect to the in-
fluence of scattering of higher orders, Table 6 shows Plﬁug
observed during days having various turbidity of the atmos-
phere, but select in such & way that atmoshphere's transparency
should be the same for the varioms wavelengths.

As is seen from Teble 6, in the case of identical tfybidity
of air a greater asymmety of the indicatrix of scattering cor-
responds‘to longer waveleﬁgth. Therefore the fact of increes-
ing asymmetry of the indicatrix of scattering with increasing

wavelengthy should be explaired by the properties of aerosols.
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1
Blue filter, ),y *® 476 mu

'3 H
Ci ty Of vanovo Villa (-] Bogor stkoye 1 0 lo. ! . . 3 i
,é | 5 3 ‘
", o] it of Alme Ate , Botanj CE] Garden 850 18 6 - 8 73 3 ee 2 80 3 08 K)
| Cit of A =} -Ate Moun‘t l(umbe 1 00 ] 1 0 6 &
| | ;’
:\‘ 1n 3 |
"’ y ) 3 . . 9 n9l 2.92 3. 35 3-9 %
|

! Green filter, Jeff = 546 mu
i

‘ -- 8.67 3.86 2.82 3.30 ~--
City of Ivanovo, village Bogorodskoye 150 ) e . |
8.08 3. . . . |
Desert of South pribalkhash'ye 400 13.3 6 e .
B 3. . B . |
city of Alma-Ate, Botnaical Garden 850 k.6 9.5 e
l . . :
6.5 B8.95 3.0 .
tory 1L0O 1 ’1
Ima-Ate Mountain Observe | |
e , Kkul 1600 18.2  8.79 3.T0 2.80 3.17 3.75 )
Shore of lake Issykku . e - |
Ccity of Alma-Ata, Mount Kumbel 3100 13.3 . ) . iy
. -- 51 53 51
Number of observations

Red filter, Jerf = 625 mp

.69
8.83 3.87 2.89 3.15 3 |
pesert of South pribalkhash'ye 400 15.2 3 e ’ |
. .33 . . . ;
ty of Alma-Ate Mountain Observatory 1400 23,2 11.9 3 "
e _ , 87 2.70 2. .
17.6 9.85 3.
+ Kumbel 3100
Ccity of Alme-Ata, Moun i i 9
- 1k 15 15
Number of observetions
|
‘z
\I
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Teble 2. .
Rayleigh Spherice
m Blue filter Green filter Red filter inZn‘atrix :Lnd:;c.?rix
10 1060 4 0.60  17.20£0.60  18.70 ¢ 1.30 §.91 -
20 8.01 £ 0.19 8.71 + 0.12 10.20 ¢ 0.30 5.65 u.o
60 3.90 4 0.03 3.83 £0.02 3.86 & 0.0k 3.75 h.o
90 2.90 ¢ 0.03 2,84 & 0.02 2.74 4 0.0k 3.00 u.o
120 3.27 ¥ 0.05 3.18 $0.03 2.92 ¥0.08 3;756 h.o
140 3.93 ¥0.07 3.67 % 0.05 3.28 £0.13 b .
Toahle 3o s
Y ]
T dele O ‘
pete /o2 6094 134 /830
T 14 oct 1945 24,60 9.56 3.82 2.81 2.98 3.1
12 Oct 1948 9.16 6.98 3.83 2.97 3.51 3.9k
Difference in % < 169  +37 ~ 0.3 - 5.k - 15 - 19
Table 4.
o
Wevelength Meffin’tmu /.IP; Zgz ‘i(l 1:2‘; Ei_c_—/:ligo
W6 1.60 1.37 1.20
546 1.82 1.50 1.27
625 2.09 1.66 1.34
Table 5.
. _ .
WavelengthpefF in*im ﬁigzo[élg }:{ 22205157 [;l{ iZo°
476 ”2.92 2.15 1.5k
546 1.02 . 2.63 1.70
625 7.86 3.20 1.90
-
dEsifiGiEy
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indicetrix with increasing,l should be explained by

properties of the aerosols.

Tab
Wavelength
ko2 .oo/sie/
 Site of observatlon Date Aeff in mu ,70/ B0 %
.32 1.12
Mount Kumbel' 9 Aug 1949 546 0.90 1.3
" " 11 Aug 1949 625 0.90 1.90 1.39
oot 1988 | 1.31
Desert 9 Oct 1948 625 0.90 1.67 3
10 Aug 1949 546 0.87 1.63 1.36 ~
10 Oct 1948 546 0.87 1.29 1.13
- B 1.20
5 sep 1946 546 0.87 151 | ]
58 hug 194 | 06 | 151
28 Aug 1946 0.87 | 2.06 | . : .
S e 1040 | 27 |18
Mount Kumbel' 9 Aug 1949 0.8 1.27 ) h
| R 1.2
Desert 9 Oct' 1948 0.84 1.45
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Figure 1. o - molecules * aerosols:
1 - p,2oc/p,léoo

2 - ”h0°/ﬁiﬁo°
3 - wgoe/bz0e,

X - aerosols:
L - “u0°/“1uo°

5 - wgoeM1o0e,
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