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INFRARED EMISSION OF THE CLOUDS OF VENUS

L. V. Ksanfomalitl, Ye, V. Dedova,
L. F. Obukhova, N. V. Temnaya,
a. F. Fllippov

The thermal infrared emisslon of Venus measured by
Venera-9 and Venera=-10 displays significant asymmetry in
the day-night direction, The emlsslon of the night side
corresponds to a brightness temperature of 2U4CK, The
brightost temperature of the day side 1s 233=-234°K. The
extent of the upper layer of clouds, in which the thermal
emission is formed, 18 4=0 km, The altitude of the emit=-
ting layer above the surface of the planet (OU=6T7 km) 18
determined from the brightness temperature and the exist-
ing models of the atmosphere of Venus. In some casea,
correlation 18 noted between the inhomogenelty and the
detalls of the ultraviolet image. The day slde tempera-
tures strangely coinelde with the (reezing peint of sul-
furle acld at a concentration of 00=-77%.

The two radiometers of the same type mounted on board the Venera-
9 and Venera-10 have an angular resolution of 1.2 deg (0.02 rad), and
threshold sensitivity of about 70YK anc a range of 8-13 and 18-2dy.
Rejection of the Interval 10-18 y prevents dlstortlon of the results
due to emisslon of the higher layers of the atmosphere In the carbon
dioxide band at 15 u. The wavelength of the maximum of the emlsalon
of Venus occurs at the middle of the radiometer raage.

The thermal emission of Venus 1s formed in the upper layer of the
cloud cover of the planet. The brightness temperature of the emltting
layer 1s determined from the measured brightness in the indleated
range. The radiation balance of the planet depends on thils tempera=-
ture. Among the problems of the experiment were the study of the
1imb darkening effect, investligation of local Inhomogeneltles and

®Numbers in the margin indlcate paginatlion of origlinal forelgn text.




thelir relation with phenomena cbserved at other wavelengths and study
of longlitude and latitude effects,

The altitude of the upper part of the cloud layer, from which the
emission recelved by the radiometer originates, was found on the basls
of the brightness temperatures obtained in the experiment with the help
of the models of the atmosphere of Venus proposed by Marov and Ryabov
(1] and Moroz [2]). This altitude 1s 04-67 km and refers to tire level
where the optical thickness in the infrared reaches unity. The physi-
cal properties of the emitting medium are tentatively the folloewing:
The pressuce 1s 50-130 mb, the denalty 1is (0.13-0.18)-10'3 gm/cm3.

The concentration of particles of the cloud layer 1is 40-200 cm'3 (3},
thelr average dlameter 1s about 2.2 u, while the dispersion of thL2
slzes 1s very small [4]. The most probable composition of the parti-
cles 1s sulfurle acld with a concentration of about 758 [5). Its
total concentration with respect to CO, is about 3'10'5. The infra-
red emission is formed in a rather ext;nded layer, whose brightneass
temperature TB practically coincides with its kinetic temperature [6].

Since the temperature of the outer part of this layer 1s somewhat
lower, the limb=darkening effect arises similar to that described In
the literature. It was shown in the work of Pollack and Sagan [7]
that within definite limits of the cosine j, of the zenith distance of
the observer, all darkening models can be v;ducod to the law:

By (M2 s ke M2 (1)

where k and a are constants, Another version of representing B!?i( ,43)
which follows from the approximate solutlon of the radlation trans-
equation, was used by Chase, et al., [8]. The darkening coefficlent D
defined by the "boundary temperature" T, for u2 = 0 was Introduced
here:
B (o) =p(40):L1-D)

T

T

(2)

where B(1.0) 1s the brightness at the point with s % 1, Then:

B (pa) = B(40)-[(1-D)+D ] (3)
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Neglecting scattering, which 1s evidently valld for thls problem, and
using the Planck nature of the source function, one can find the ab-
sorption coefficient per unity path length. In any case, the contri-
bution of the emission from colder layers increases with decreasing
2, which also determines the characteristic form of the curves

'IR( }\;)or ’IR as a functlion of the distance from the center of the
disk of the planet.

A few words about the models with which the altitude of the
¢clouds was evaluated. Figure 1 presents flve temperature-altivude
curves for various models and also for the measurements of Venera-9Y,
Venera-=10 and the radio eclipse data of Mariner-10. Our estimates of
the altitudes are based on the section of the curve indicated by /5
points, closest in position to the models of Marov and Ryabov, Moro:z
and NASA-1l. It is possible that the estimate of the altitudes will
vary somewhat with further refinement of the models.

It was indicated in the express-communication about our experi-
ment (9], In analyzing the obtained data, that thelir interpretation
leads to the alternative: elther to assume the evening temperature
to be significantly greater than the day or to use two darkening
laws different D for the day and evening sides. The first results
obtained with the help of Venera-9 and Venera-l0 showed that a tem-
perature of about 233°K 13 consistently recorded in the day zone for
values of M.,*1 (Figs. 2 and 3). These measurements practically coin-
clded with Ehe averaged results of previous (ground-based) determina-
tions [0]. However, the rad'ometric experiment on Mariner-10 in 1974
gave a temperature of 255°K in the range 45u(8,10], while the first
of these works indicated a small probabdbllity of significant diver-
gences for the brightness temperatures at 10 and 45u,

There are evidently two causes of the differences In the determl-
nation of the temperatures. One of them was shown in [9] iIn favor of
our measurements. Its sense 1s that measurements from spacecraft re-
quire determination of two unknowns: the brightness temperature of
the emitting layer and the law of limb darkening. The temperature can
be determined strictly if the coslne of the zenlth angle of the craft

s




Wy 18 unity. As far as we know, this condition was not satisfled on
Mariner-=1. As was shown later, the darkening law for Venus cannot

be determined by an isolated measurement. Another cause of the diver-
gence 18 the thermal asymmetry of Venus, which 1s the content of this
article.

Two different darkening laws for day and night were used In work
[(9]. It was learned soon after that this does not eliminate all diffi- /6
culties. While all remained comparatively favorable from the day
zone and the data fit well In dependence (3), thils approximation was
unsatisfactory in the zone of the night terminator (evening) (Fig. 4).
Measurements of Venera-=10 of November 6, 1975, are presented here.
The temperatures in the day zone lie at the level 233°K. However,
with conslderation of W they are higher In the even!'ng zone. De=-
endence (1) presented in logarithmlic form in Fig. 5, ‘93'!{ as a
function of Jg r‘; y 8hows that the value of a does not remain constant
even in narrow zones of W Further operation of the apparatus of
Venera-9 and Venera-10 did not leave doubt about the stable increase
in the night temperatures over the day. Figures 6 and 7 show the re-
sults of measurements obtained with increasing phase angle of the
planet up to 59 and 64° (November 1 and 9, 1975, respectively). Al-
ready in Flgure 6, the night temperatures sharply increase near the
terminator for the same values of u, in the day and night zones. This
effect 18 expressed significantly ere strongly in Fig. 0. With con-
slderation of Mo in the evening zone, the temyeratures reach JjbOK for
232°K in the day zone. The asymmetry of the curve 1s common for all
the profiles of Flgs. 2, 3, 6 and 7. A completely new pattern can be
seen in Fig. 8. The curve is symmetric. This 1s the night zone of
the planet. The values of u, = 0.999 made it possible to determine
reliably the nlght temperatu;e as 244°K with close darkening laws
both 1In deep night as well as In the evening zones. Representation of

BTH( ’41)‘ in the form of (3) glves a good approximation with:

Bm( M2) = B(I,0)(0,50 + 0,50 M2 ) (4)

for the day zone and:

B, ( M3) = B(I,0)(0,60 + 0,40 Mz ) (5)



for the night zone, while the approximation 1is better for the day
zone. The form of (1) also represents well the results for the night

zone:
v

'IR( rg) = B(I,): M2 (6)

Values of a from 0.30 to 0.43 were obtained on different days for the
day part of the planet. The extent of the layer corresponding to an
optical thickness of unity 1s 4=6 km. These results are consldered
in more detail in [11].

The transition of the cloud layer to the night mode of tempera-
tures begins already for a drop of the sun to 30-85" atove the horlzon.
It sti1ll remains unclear what the conditions are in the zone of the
morning terminator, there are practically no possiblllf'es for large
differences: the left part of the zone representad In Fig. 8 was
under night conditlions for about 25 earth days. We conslder 1t most
likely that because of the great length of the solar day, the tempera-
ture distribution is quasli-stationary In nature and is simllar for the
evening and morning zones. (It would be more speculative to make the
same assumption about the high latitude reglons.) Thvs, the "nlght
mode" probably encompasses signiflcantly more than 180° in longltude.
The dependence of the brightness temperature on longltude, latltude
and angle of the sun wlll undoubtedly be of interest. The studled
traces encompass a zone of :350 in latitude. The investigatlions of
the polar zones, which were performed from orbit by Venera-9 and
Venera=10 only under conditions of relatively small u, leave the
possibility of some ambiguity in interpretation. A B;tellite of Venus
in a circular polar orbit would be the ideal apparatus for solving
this problem.

Thus, the thermal emission of Venus is asymmetric (Filg. 9). The
temperatures of the day zone in the reglon of latltudes iiho are 233=
23h°K, and 244°K in the night zone at the same latitudes. Thils 1s
the second reason for the differences in measurements on the appara-
tus of Venera-9 and Venera-10 on the one hand and Mariner-10 on the
other, since the route of Mariner-10 was malnly over the night slde




of the planet.

The symmetry of both branches of the curves BIR( rg) obtained /8
by Taylor [10] is evidently a consequence of the significant coverage
of the planet by the "night mode." In our measurements, this symmetry
is observed only in the night zone. There were sequences in wnlch day,
evening and night were covered, which gave curves wlth strongly diverg-
ing branches (Fig. 10).

The stable difference of the day and night temperatures has an
obvious relation with the interception of part of the solar radlation
by the cloud layer. We assume a probable cause of the decrease in day
temperatures to be the appearance of intense convective currents in
the day szone, which carry part of the radiating substance into the
gone above the clouds at an altitude of 3-4 km. This leads to a
change in the exponent a. It remains unclear whether this cause 1s
natural. There is a strange coincidence noticed by L. Ksanfomallti.
Figure 11 presents the phase diagram of the sulfurle acid solution
as a function of its concentration. The curve 1s taken from the work
of A. Young (5]. The level of the day temperature lies preclsely at
the sharp bend in the curve at the point with the sulfuric acld con-
centration of vo=77%. The refractive index for the solution with
concentration 70% and temperature 233°K is 1.44, which colncldes
ideally with [4]. However, the temperature of 250°K taken by A. Young
distinguishes practically nothing with these points of the curve,
whereas, our values (233°K) can be interpreted as evidence that the
upper boundary of the clouds of Venus 1s somehow related just to thils
point of the phase diagram. There are evidently mechanisms stabiliz-
ing this level, at leas! in temperature. One follows from the temper-
ature-pressure dependence of water vapor over sulfurlic acld presented
in the same work of A. Young. The pressure of water vapor over the
acid with a concentration of 68% is three times greater than for a
concentration of 70%. But the freezing point at 68% is above that for
70%. The difference In pressures provides for the motion of water /9
vapor downward to the main mass of the absorber., The freezing drops
with lower concentration transmit the excess water vapor to other
drops, thereby enriching the acid and maintalining the liquld state



(the arrow in Fig. 11). The large litent heat of the phase transition
in the drops of stoh together with the intense mixing imparts a
steady-state nature to the process, which is also alded by the sharp
inerease in the rate of precipitation of drops from the more rarifled
upper layers according to the data of [3]: while 107 sec are required
for their drop by one altitude scale height (5 km) at an altitude of

68 km, only 10° sec 18 required at an altitude of 78 km. The capabil-
ity of sulfuric acid for Intense supercooling 1s also an important

fact noted by Pollack in the discussion to work [12].

The mechanism described above permits a completely independent
evaluation of the concentration of water vapor fat the altitude of the
emitting layer) from its pressure. This quantity is 0.9‘10'" with
respect to the pressure of carbon dloxide above sulfuric acld with a
concentration of 70% and coincides well with other determinations,
for example, [13]. The temperature of 250K taken by many American
Investigators would give an unacceptably high pressure, almost an
order of magnitude higher.

Let us now turn to the details in the curves BIR . Extended
regions with temperatures decreased by 0.8-1.4° are observed in
several sequences. The length of these zones 18 up to 5000 km; we
see such a pattern in Flg. 3. There is not doubt about their nature:
these are local elevations of the emitting layer. According to the
estimate of A. Young, such elevations can exceed the scale height.

It remains surprising in this case that the mechanism stabilizing
the temperature operates so effectively.

There 1s also great interest in the fine-scale details of the
curves. They are clearly traced on individual profiles, but are oc=-
cationally absent on other traces investigated with the same resolu- /10
tion. Their amplitude does not usually exceed 7K. According to the
avallable statlistics, the resolution under orbital conditions permits
obtaining details, curves of three types are observed:

-= with weakly expressed detalls (Fig. 7);

-=- with a few periodic detalls (Filg. 3; Fig. 6).
In these cases, the small waves on the curves have a spatial extent of
150-180 km and are separated by Intervals of about 1500 km; their



correlation with ultraviolet detalls 1s observed. As was shown in
(9], one car. assume a relation between these waves and the dynamics
of the atmosphere of Venus;

-= with a large number of det. lls w'th unclear period. The
typical dimension of the detalls (50-80 km) 18 an interesting fact.
A sharp increase in resolution does not give any additional detalls

(1'18- B) .

Further tasks of the experiment are the study of the night and

morning zones and also of the high-latitude regions of the planet.
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Fig. 1. Temperature-altitude curves for different models. The points
indicate sections of the curve ¢n which the altitude estl-
mates in the article are based.

Fig. 2. Curve of brightness BIR and brightness temperature TB in the
infrared region according to th» data of Venera-10, October 29,
1975. The approximation by two curves of the type (3) indi-
cated by points deviates significantly from the curve
at the edges. The lower curve BIR ic the reading of the
control ultraviolet photometer. The c¢ircles in the upper
part is the resolution scaled on the time axis in terms of
the velocity normal to the sighting line and the slant range.
The day temperature is 234°K. The phase angle 1s 57°.

Fig. 3. October 26, 1975, Venera-9 transmitted measurements of the
brightness BIR and temperature TB erfter composing the con=-
densed profile with a decrease 1in temperature by 1=1.4°, The
typical periodic waves on the curve are separated by inter-
vals of about 1500 km. The waves are evidently correlated
with details of the ultraviolet profile. The phase angle 1is
55°.

Fig. 4. Curves of BIR and Bln,of Venera-10 for Novembe- 6, 1975. The

left, evening part of the profile cannot be represented in

the form (3). The day temperature 1is 233°K. The phase angle
1s 62°,

Flg. 5. Change in the exponent a in formula (1) represented as
6‘9613/4(‘3!‘1‘0 . Venera-10, November 6, 1975. Bm
in arbitrary units.

Fig. 6. Measurements of Venera-9 of November 1, 1975. The growth in
BTR and TB to the left from the maximum value is well noted.
Periodic waves are noted. The phase angle 1s 590.

Fig. 7. Sharp growth in BIR and TB to the left and the maximum value
and the terminator. Venera-9, November 9, 1975. The phase
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angle 1s 64°,

Night side of Venus. The curve 18 practically symmetric on
both sides from M. . . . Venera-9, November 13, 1975, the
phase ansie is 1229, The maximum value of My corresponds
to 244°K. The measurements were performed with high resolu=-

tion.

Diagram of the distribution of the constant components of the
brightness of the thermal emission of Venus from the surface
of the cloud layer in the reglon of latitudes #35°. The
variation of the brightness 1s approximately linear in the
transition zone. View from the North FPole.

Day and night branches of the profiles BIH, presented in Fig,
3 and Fig. 6 as a function of u,. Curve 1 1s the same as In
Fig. 8, 2 18 the same as in Fig. 4.

Phasa diagram of the water-sulfurie acid system [(4]. The day
temperatures of 233° coinelde with the position of the mini-
mum of the curve at 70-706% solution. The arrow indicates the
change in composition of the drops and the decreas» In its
freezing temperatue,

e e e -




I 2an31 4

o i
Basiihaniidlillssilel T R ﬁ”u,lv-lr.irll{lfbla A i Rﬂ PO TN ol QMN A Bl il I} ] ] munl
. o
-0)
5%
&
22
-0?
- 59
Oﬁlﬂh0=0> e
§-E12Ud) s-e-e
‘“\LM\\.&\U&N\‘ —— - ; thh
. BlB(Q
I - §2
TySixks
irsms . \ |
£€L61 “ZOIOR ¥ / o
%161 “aoqedy ‘aoaep ¢ |
ZL61 ‘aoqefy ‘noaey ¥ EHNV

:snuay jo
aizaydsomie 2yl jo S[IPON



Sq0uey W/ TD D 6D # - D sb ‘g ... 1 P . 5 »ep
at.ah.N bl .lrr'.\\rw [] bvﬁm‘ L - A Pb.u.l&.-Q
-~ 6 2 4
o2
Fm b 4 os
m.nu. M [ ﬁS-
- = 2 i “.“
R o .A 5 A
.NA... m m _" s
T e 06
38
002
o
3
« |3 < . Slo0o1as —-AN ﬂOV&ﬂ&“ ..m.@“q
$ == . el :
J . ‘_ / [ed2T3is13E3S +u1 \ -
» = v 51 1
o“ = 2A2UD —uﬂuwuﬂm ......lllﬁ’: A o ﬁN!Q@ ﬂ%lwv a'-p =4 l.ll-lll.\.\n\u b mﬁﬁ”
3 o ity g el Clévoguiptle ¢
3 iy 9 0 e e 3 [ TR o
£ w @ o o) . 0 9

=

12



w

ar 1

i} ©
26 O

S

e

Yeai G pp v 558

e e a4 Y. .

S

-



Wl TVVIV WUVaaGase s

< oNEu...Q ¥0 b

% 2an3d1jy

|
- AR L0 80 TR [ :
L SR PR N —— .ME v . AR S, i, 2, |
JJ“.IP B e ek . S Cg <o 9 - Ry ..mwi...mq.i
_ gy T
& N
Q‘I. : i F05) :
g 0z}
. —uo Al —n..l.. *._'Oww
\ T e W7 E
— - ....l.n rQMv
- II—‘V‘\("\I\ ..ooN
\ 1
n 374
3 \ ; !
- 3
iy ; |
. : i
. | *
a 1 ~ S i e T .
- | o= " 41 -
d ‘U og2-or ? gi-g)-q" :
qkﬁm..ﬁﬁc‘uteﬁnmﬂ-?ha ﬁ lﬂ.. IUI - awmulq e — Yo Inct 2y pan ;
el O - i e = k0 osijg- ha fesz
“w® & e e
@] O h =
e — siaciu 20 ($) )

¥ > 208 2.- ouu..’.

14

.ZQ""-I"'
‘ =~
S Baws At SRt T T I RS



T,°K

02.

230

: EaB IR | d
\ ¢ Terminator

Evening
1ixb

225

VENLEPRA=-10

November 60, 220
1975

215

| Loparh
65 o8 OF 68 Q9. O




Y

so 580 .....Qﬁ.o
| ® =
Al A A b‘ . a .-.IM—WL

\‘J\UH 15
1

R QUA

A\l

OF POO

ORIGIN

10738 .11

/ (" gz-g2 €-9)"'Q1

dJojerutwaa ]

8

LR

—-_”_————— —n—_———

TYITT (0}

<

o
o o

(M)
I
6

16



wa

-

SEFTTY IO

WY Wy

i sa3d
» g,
2
4 ),

402

”

wal

2

-0}

LR RASS L&A S

=x
~

6“'_""'
&

% -




wo

1078.1,

g 2an3d1 4
dnd 171 S50 ¢y 0 s 9d " <0

R g, A Rt
‘hTw_
: F0c)
N tes

vl oz
2 | toas

{
06

8-gl2 ¢h-9) gy

un

7
i i il T iy

e %

Ny
-
2

o



B 1S
JRIGINAL PAG

Evening Terminator

Morning Terminator

Figure 9



20

-

'

N
(V9
o
Ly

e

S
S
PRARIERANEE N FNE

N\

Temperature

240

200

/7

g vt [0, ]

TR =Wemmpemmpbe [ig, 6

|Nz

02

I I I

0,5

COS Zenith distance of apparatus

Figure 10

1,0

Brightness



IGINAT, PAGE I8
Wi POOR QUALITY

Liquid=ice phase

%0 - trans’t in'll

(According to A.T. Young)

260

240

“emperature °K

220

200
0 20 40 60 80 400

. . Q
Concentration ll.,h“q » o




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf

