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THE MARS-2 AND %ARS-3 ORBITAL SPACECRAFT: RESULTS OF THE /la*

INVESTICATION OF THE MARTIAN SURFACE AND ATMOSPHERE
V. I. Moroz
i. Introduction . Co S
Six different experiments to study the physical parameters. .
of the surface anc¢ lower atmosphere of the planet were placed on .
board the Mars-Z2 and Mars-3 orbital spacecraft: ';i
' 1) variation in surface temperature based on -zdia 16n'in N
the 8-40 wum range /1,2,3/, 2
2) variation in.soil temperature 2t a depth of several tens
of centimeters and-variation in the dielectric constant based on 5
' radiofrejuency radiation in the 3.4 cm wavelength /& /7, - Fi
3) deteﬁm¢nation of relative altitudes at the plan 2tary sur ;g

face based on the intensity of the Coe'banas at aoout 2 unm o

h) photoeleckric measurensnts of surface brightness in six'
narrow intervals from 3700°'to 13,800 A /1,2,6,7/;

5) measurement of d20 content in the atmosphere based.on tne
intensity of tihe 1.38 um absorption bard /1,2,7/, and

6) madio probing of trne atmosphere to determine the density
of the neutral gas in the lower atmosphere and the electronic den-
sity of the ioncsphere / 8 /. : ' : )

L4

The infrared radiometer and ;he photoelectric photometers for
the <0, ard H-O bands and for selected reglons of the continuous
spectrum were described briefly earlier in the works' /1,2,5,6,7,9/;
Tavle 1 1ists the main characteristics of ail the Instruments '
(fiéld of view ard measurement precisiorn).. -The optical axes
of all the instruments were parallel and the surface and atmo-
spheric parameters were measured in the same planetary regions.

* Numbers in the margin Indicate pagilnation in the foreign
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Dilgutucow i:a wiiaoIInt ranzes, surfaca 2nd 20ll1 femneratures. /2

- dielectric constant, altitude, pressure, and HQO content in the :
atmosphere were obtained for the same regions.

The instruments were hard-mounted on the bedy of the AIS
Zghto;atic interplanetary sta;iq§7 and during the measurements
they were oriented in a constznt direction ﬁsually with the
solar-stellar orientaticn system-of the AIS. On approacning the
pericenter of the orbit, the instruments were §witched on for

g several.minutes prior tq transiting thellimb, with a special
optical sensor. The stical axes transited thz planet usually
along a line close to a great circle an@ the transit from l1limb

+*9 iimb tcok about 30 minutes. Below we will refer to the trace

-

of the optical axis on the planetary surface as the track of tae
measurements. Fr9m 2 vreliminary estimate, the precision with
which the measurement track was determined was 1-2° based on
areograpnic cocordinates.

In the experiments /1-5/ all the results are from Mars-3.
Its period'of revolution was about 12 days. Fig. 1l shows seven
‘measurement tracks made with this spacecraft.

The distance at the pericenter to the Hartiap ;urface varied
somewhat as the orbit was evolved and was roughlj in the range
100G-1500 km during this period. The Tirst three transits,

15 December 1971, 27 December 1971, and § January 1972,took place
during a- dust storm and its sbatement, and the remaining translts
-- after the end of the dust storm. 1In December, January, and
Febrﬁary the measurement tracks corresponding to -successive dates
of transiting the periares were shifted by about 90o in longitude
with respect to each other. As a result, sizable sections of

the 3 February 1972, 16 February 1972, and 28 February 1372 tracks
past close %o the 15 December 1971, 27 December 1971, and 9 Jan-
uary 1972 tracks, and we have measurements for the same Martian
regions ‘obtained during the storm (more exactly, during its last
stage) and after the storm. The 12 March 1372 track could mnot,

2
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for a number of reasohs, be tied into the surface with sufficient.
reliability and its position as shown in Fig. 1 must be considereo
as approximate.

"

Oveféll, the volume of information obtfained withn Mars-3 was

somewhét'less than with Mariner-9. Howvever, experiments were [i
. .concucted on Mars-3 which were generally not includéd on Mariner-9
(phctoelectric photometry in the near infréred and visible spec- .
tral regions and radioastronomical measurements), while as for ‘
the experiments similar to those conducted on Mr—iner-9 (IR-
;adiometry, optical altimetry, and H,0 content measuzement), :
the Mars-3 restvits are of interest not only as supplementary 3
material since -- firstly -- they afford au 1ntegrated consider- :
aticn together with phoivometric und radioastronomical data, and
-- sgrondly -- they were taken with widely different methods.

In particular, the measurement of the HEO content and COZ—
altimetry in our experiments were made for bands lying in the
near infrared recion, and the meas:rement results are practically

LB AN Tl dv

independent of the vertical temperature distrivution. Eands in
the far infrared spectral reglon were used on Mariner to get the
same data, and these bands depend so strongly on the verticzl
temperature proflile that they can e observed both in emission,
2s well as in absorption Zig7. Though the analysis of the spec- |
tra obtained with the IRIS /infrared interferometer-spectrometer/
simultaneously yields .lso the vertical temperature profile, the. .
prcblem is greatiy complicated and, probabl&, does not always '
admit of,a unique solution. The topographic material obtained
with Mariner-9 using ultraviolet photcmetry /I1/ is very valuable
due to the globality of the coverage, but reguires a cauticus
‘appreacnh since 1t 1s strongly subject to the effect of inhomogen-

eities in the atmospheric dust content.

Below we propose to briefly reQiew already published data

and present new resulés.' They apply to tne first six Mars-3

3
3

sessions. .




¥ | We are indebted to N. N. Krupenlec arnd I. B. Drozdovskaya for
giving us the results of the rcdioastronomical experimenvs vciusrc =
publication. ' i

We are also indebted to D. Shneiderman (NAGA) for the Mar-
iner photographs of the Martian surface in the regicns extending
along the Mars-3 measurement tracks. In several cases they Z&
assisted in the interpretation of measurements. Thelr compar- ;
ison with photometric curves confirmed that the tracks were deter-
mined wlth the above-indicated accuracy of 1- 20, and in the fcllow-
ing the track positlion can be calculated with the aid of the Mar-
iner photographs. '
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> 2. Direct Results of Meas wrements

Figs. 2-7 give the results of measurementg along six tracks

Sdp s

pertalning malnly to the surface. The brightness infrared tem-
. perature TB, soll temperature T (at a depth of several deci-
meters) @eaeurea on the basis of radiofrequency radiation at a
vavelength of 3.4 em, dielectric constant e, brightness'in the
continuous .spectrum (photometric profife) in the near infrared
region B (1.4 um), and aitivude Z relative to the 5 mbar level

are presented. Here are aléo g! =2n, for comparison with the ' <

&
8T SRTURR VYR L

Th
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£
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3
£

results of the measurements,” the values of My = the ~osine of”
the 'solar zenith distance --'and T_ -- the theoretical mean-

*

diu.nal surface temperature.

] . Fig. 8 presents separately the altitudes for 27 December
' 1971, They are separatea because over much of the track they -
clear “efcr not to the surface, but to the cloud cover

Figs. 9 1 concentrate the results perta ning mainly to -
the atmosphere pressure P, H20 content profile, and brightness ,
o ,(photometric orofile) in the nezr ultraviolet region of 3700 A
'J:Here 'also: are given the brightness at the wavelength of 4940 A,4
';Trdetermined bj scattering both by the surface and the a mosphere,
f:'and the b*;ﬁhtness ‘at.thé wavelength of 6940 A determined by
‘Jalscattering mainly by the sulface (Just as for 1.4 um). The

5

N
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. ' )
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‘-neOLecting the difference oeu"een TB and the epfective tempera—‘*

' Laboratory measurements’ [f;7 for earth minerals yield B, =~ 0.9,

"fbetween T_ ‘and T and T »will be - of the order ‘of" 1 percent. The
~ratio T ﬁT,«depenﬂs weakly on Bl’ as the root of the thfth power.
. The 'situation” 1s even. weaker In the radiofrequency range, where

latter remark is valid only for measurements taken after the =nd
S8 tho duct etowrm  Thimine the 15 December 1971 and the 27 Decem-

ber 1971 tracks the brightness in both,the red and near Infrared-
regions was due significantly to reflection from dust ¢louds’.

The, method of processing infrared temperatures is gimen'in
the papers /1-3/. We recall that a wide-band filter was used .in
our radiometer and in the region of the fuhidamental CO o absorp-
tion band ( A =15 pum) the radiation was determined by the atmo-

2

sphere, which, ,can be coloer cr warmer than the surface -- depen-
ding on specific conditions. ,To take 1nto.account the atmospheric
effect in the first approximat;ou, in the neighborhood of the

15 um band we increaseq the measured fluxes by 5 peccent (which
gi%es a correction of-aboutfi.percent in the temperature). Ac- |
tually, the magnitude and,sign'of this correction.depend on the

»local time, atmosphere model and the zenith angle of the craft. = -

Below we w;ll suggest determininq the co--ection for absovption

more exactly

. The orightness infrared temperature TB is *ery c1ose to the
kinetic temperature of the surface layer T .. And actually, by

ture T a?, we. have I e I, ‘,.' .1 t ;‘- ' .:, b L. vt

B T |

oy TP .
= ‘ : . " s H
‘TB | "‘ ‘BlTS' ' . . - . . * -. ) . . (l )
where El is the coéfficient of fadration in the. 1nf*aredfrange.

so that 1f we assume the same value for Nar , the difference

B
B

the following relationship nolds~

@ ' ) " J‘TB . = B2Tss (2)

Here the ewvror due to 1ndeterminacy in the lnowledge of B (the

. coefficient of “adiation in the - radiofrequency range) is somewhat
6 . . .7' 1

Lo

rigr et o eargl b p el

s 3o 0
R
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S T et MM&&WM:‘MMW«.- .



-

B S mT

Mg

o
LN

e WSROI PR g i e e S e L SRR s

TR [ s s e A

-

e W 1 STAR e gy

(]
-

~a

v

-

b

[ENU U

' where Z is the zenith angle of the craft and Z' iq determined
: from the relationship T :

greater., However, the radiofrequency experiment ‘was tonstructed

~.in. such a way (measurement in two polarizations) that it permitted

:~determ1ning B2 and TB separately ‘in processing the observations, .
it was assumed that the Martian surface can be represented as a v
'smooth sphere._ The coefficient of radiation for the sum of the

Hftwo polarizations in this case 1is equal -- by Fresnel‘s law -
to o l S . ’ ) ‘
ST J.. ' — l_t 1 . ‘ .I ;"
. BQ =1 : tan LZ' Zl sin 3Z Z_) ' (3)
, . " “tan (z* +z) sin (z+ + z) ; o

LoF
Y ,

i sin z . . — o - '
2 ,sin"'z""““,:\lfa 5 S €.

S

o -Flgs. 2-7 give the values of T and 3 separately The
arrors in the determination are evidently due to the disparity

- of the.actual surface from the adopted hypothesis of a smooth

sphere. The too large and too small values lead -to overstating
and understating Ts 3 respectively We can discard these out-of-

line points if we compared T Tis w#ith the mean-dlurnai temperature
of the surface T;. It must be antieipated that thése values will

be close to each other for Martian scii. In Figs. 2-7 we plotted
the T_ values calculated by the formula - L '

. . E . - ’ . T e, . C ' l‘.
oo (iAW ()
= G " 1‘ . ] - ‘ l

i

where Cos Z is thé mean-diurnal cosine of the zenith angle of the
sun, A 1s the integral albedo, EO js the seolar constant, and r
is the distance to the sun in astronomical units. We assumed’

b

14 _ 1. On the average, the Tss values lie roughly 209_below‘

El

the‘T; curve, which can be attributed to calibration inaccuracy.
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: 3,;{"ff~u f, The method ‘of dbtermining pressures .and relative altitudes
f o is given in’ the works ZT}_,§7 and the methou of water content s

' ?‘ e determination is found in /7 7." . ‘ ;
,f ; ' 'f", Brightness B measurements were taken only in relative terms,
.E, t but here it is essehtial that the brightness scale is the sam~
O (” ‘,for all sessions. Absolute brightness unlts plotfed on the or-

TR 'dinate axes for 1.38 um were obtained on the assumption that: .
. . for 16 February 1972 and 28 February 1979ipessions the brightness e
) in the’light reglons 1s ‘subject to Lambert's law, and the bright- - "y .
%. . ness coefficient (visible albedo) for the .light regions is C.41. , . '1i‘
,%" The fact that on Mars during the period when the measure- %
é ‘.ments were, begun, the duzt storm still continued has both nega- ;?
- . ’tive and positive aspects. A negative aspect 1is obvlous: the Y
g 'presence of dusyv clquds interferred with the photographing of .'g
g the surface and reduced the possibilities of several optical - Zz_ _g% '
g experiments (HEO and qoe-photometers)\during several oi the first ~§
é sessions. Even so, the dust storm brought a beneflt, since never ‘
= . 4

before were there as great onportunities for studying the
nature -of this' tremendous and puzzling phenomenon. ‘ "

3. When Did the Storm Begin and Hom Much’ Did It Affegf the

\

Results of Measurements

’

- ReleVant phototblevision images'on‘Mariner ware’ obtained sys-~
tenatically since late in December, however as far as we ean Judge -
from the photographs we "have at. hend the transparencv of the Mar- |
tian atmosphere continued to. increase during this’ period

¢

How transparency varied with ' time can be traced from our |, e
pnotometric profiles. Table 2 gives the. mare—highland contrasts,
for 1.38 pm in different sessions.. Here are also given the "
cooines of the zenith angles of the sun and the craft (“1 and “2)

, and the phase‘ang les o . 'The contrasts reoresent the ratio
Be = By ' ' : e
v . -—g— where By 1s the mare brightness (solid curve), and B, is
o i

the brightness of the. highlands (dashed curve), vielding the

™

. .
, . ) . . .
8- L. ' \ : '
, .
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Lambertian interpolation of ‘the brightness level corresponding e
to the highlands. Table 2 also gives the values of the highlands i
o 'brightness R corresponding to tho dashed e for eacn track. [§L
'i ' . Obviouslj, in general they are systematic Ty rs Tedg on 15 Decem- , '
i , ber R . was, 15 percent greater, than in tns tvo last sescions in
3 February: :'i' ‘ - o ’ o IR
; D .TABLE 2. | L
Session - o |- a | u o ‘a | Foax ’
. ‘ ‘ f ' Bc . - o 11 , 2 . "
©» ' " 15 Dec 71 0.25 M. Cimmerium '-30 222 0.457 0.376 52 0.4T
s 27 Dec 71 0.32 Tapigia -26* 304 0.535 .0.992 53 0.45 . -
: . '9 Ja: 72 0.51 ‘M. Erythraeum'—23' 29 ,O~606‘ 0.999 54 o.44 -
" . 3'Feb 72, 0.39 M. Cimmerium -30 215 $0.826 0.855 56 0.45 )
g 16 Feb 72 0.56 Iapigia 25 299 0.872° 0.816 57 0.41
28 Feb 72 0.55 M. Erythraeum -25 -7 30 0.671 0.915 59 0.41

On 9 January 1972 the mare—highland contrast ‘values were 4
now close tc the values-reached in the Webrua y sessions, though

' the difference was still present. . o ~

. Atmospheric transparency clearlv oepends on latitude. At
latitudes south -of 50O in the 15 Dece sber.and 27 December sersions
the profile’'B (1.38 um) contains a 1lar_e number of fine details,

"while. closer to tne equator there are no details and the maria

" have the appearance of smoou.. .iinima. On 15 December, the red

| proiile (6940 A) showéd Prometel Sinusy but Mare Cimmerium was
altogether absént from 1t. . iy Ce -

.The general impression 1s that on 1) December and 27 December
1971 the dust content of the atmosphere was so high that the re-
sults of measuring pressure, altitude, and*® H 9 content for lati- ,
tudes north of —400 were greatly impa red by tne dust Storm.

. * -
LA A R ) £ < SRR 3 NN s
" . "‘ s \
. - B - e P -

.Trere is some uncertainty also in similar results for 9. January.
© 1972, 80 the curves of pressures, altitudes,.and H-0 content
for .1e first sesslons are pletted with dashed lines, and for




s

_'27 December 19]2 these curves are not given at all, since in ‘this -
session the equivalent CO, bandwidths were espec;ally small.” 'In
‘ancdther figure (Fig. 8) are given the‘altitudes’for/this/session,

in the lollowing they will be used in determining the amtitude’

. of tﬂu upper cloud cei’inz// // - L ,//-A /(/J(/;
* -~ s

The altitudes determined in the 1g Decémber 1972 and 9. Jan-
uarv 1972 sessiors can probably be used witnlﬁgnfﬁon in the .
"role of some qualitative characteristiC'of the relilef. ‘

e o
The infrared tem/eraturé found from/rédiatfon in the-8-40
wm range pertalns to the surface/even for the Decemoer,s/ssions

-,

Two arguments car’be .cited. favoring this conclu°ion S '

l) Atmospheric transparency clearly increases with wavelengtb /",'

in the tranoition from 0.7 to 1.4 pum.  If this 1s attributed t0'/zzﬁ-
small partlcle si@e s, which is/most highly ﬂrobable, then. fo" .
the radiation at A,>(8/ um the -dust clouds must bé'eompleteiy - /9

=
v

transparent. P - : : .
. 2) The oenendence of temperature on local time correlates

quite well - uhe tlefhetical dependence ealoulated without

allowance 9 he atmospher1c radiatien There is only the dif-

ference that the measured temperature turveylies somewhat below

the theoretical curve, accounted for hy the absorptlon of soIar -

" radiation in the clouds /I,2,3,6/. -This means that the orcical

thickness of the dust clecuds is small in the Gi\faity of A > 8 pm.

4. Wartian Surface: Tempe“ature, Soil sith;'and Altjtudes o

Temperature and thermal Jropert;kes of tbe surface .Layer ' «

/ // / //

The theorét*ca] effective surilce tenperatures Te were ‘cal-
culated for different values/of the-. thefm;1 inertia (k:pc)l/2 for

Y -

values of tne'.ntegral albedo A///O .25 (ligbt 1egiuns) and A = ,

= 0.15 (dark WegLOnS) The Ty DTOIiL/p Tor 10’ February and 19
February 19”? are satiafaCoorily approximated by tneoretical
curves with (kzpc)l/"2 0.006 cal-cm. .- e 1/2 1 (Figs. »
15 and 16) ‘An exception is represented by the latitudeo

¢ - > +40 where the measured tomperatureo are véry much belev .
10 M \ - /{:jl .
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Altitucd : profiles aisc corrslate with brightness -- to a
" lesse> sxtent than do infrared tezperztures, but the correlation
) unconditiornaiiy does exist. This correiztion is not always well-
defined znd no zttention waz zives to it in tihe first publications
: &1 Sy comparing zltZ .uds profiles arnd brightness profiles.
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rezions arc generzily

* Altitudes relative te the o mbar lsvel in our tracks were
ir the 1im*ts -1.5 to & wm. The nighest regions are locatsj in

‘ ¥are justrale (2 January 1572 track), Syrtis Mzjor (16 Pekruary
19?2 $racxk, sbout - km), Nereidum Fretum (23 Februacy 1972 track,
ztout % @), 2nd the loxest are in lmbra (15 February 1872 track,
zbout -1 xm) and Chrise (22 Feoruary 157: track). The tracks of

13 February and 25 February 19‘c, extenjing far into the rorthern
iatitudes, show z tendency toward a systematic loweripg of alti-
tudes In the northern hemlsphesre. Thils 1s zlsn shown by the

r2325 occultation ortservations of Marirer /i57.

5. Nertien Atmesrore: Pressure, Water Vapor, Dust Storm, anéd /i1

ﬂ?g"‘f‘.'M""!" AL N Y

ﬁigh-Lc-itL~e Clouds

Y

.%’ Absoclute pressure wvalues
%, not relizlie enough for {inal
g is cobtzined that the valiue of
%ﬁ Gean vaiuz. The pean valus 1
. Pressures measurad for 2ll tra

.
£ e

-

3.9 £o { moar.

ralin 0ﬂ uitation observa

5-10 mear /S _/; these resuit

AP AT S AR T ¢

Water vapor -

Along tae tracks of 16 Pe

water vagor cont

ent 1n the atmosphere reached

deterzinred from our observations are
conclusions; however, the impression
. mbar is somewhat higher than the
evidently cicser to 3-5.5 mbar.

cks filuctuztes within the 1imis

tions of Mars-2 yield pressures of

3 will obvicusly be ra2fined.

pruary 1972 and 28 February 1972 the
Gy = 6-8 um of
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precipitated‘kater. Mariner-3 Zig7'and terrestrial observations‘
_conductec simultaneously'[i§7 yield about 10 um of precipitated
. water on the average for Mars. The agreement can be regarded as
satisfactory, considering the possibility of zeographic and time
: variations (and also changes ir our calibrations). The rise in
¥ Uy in the perlod from December to February, found by measursments
. en Mars-3, was independently confirmed by terrestrial observa-
: tions [i:7. Tnere 1is some correlation between water content in
a vertical column and preassure, as must be the case in the ab-
A _ sence of saturation (the relative humidity was o the order of -
= . several percent) everywhese, with the exception of the cold regions :
in the northern hémisphere. The abrupt drop in humidity at lati-
tudes north of +50° was éccompanied by the formation of near- ;

-
IV'I

E polar clouds strongly scattering UV-radiation (ef. Pig. 13). Cn §
i the average, the water vapor content in the ‘Martian atmosphere i
% in the measurement period was several tlmes less than in the %
3 same season as shown by terrestrial observations during the period - §
of the preceding oppocsitions. g
:
Dust storm :
nere we wiil deal with three preoblems -- altitude of the
ciouds, particls sizes, and the effect of the dust stora on %the 12

thermal conditions of the surface.

a) Cloud altitude
L 4

Very low pressure (down to 2 mbar) and altitude (down to
10-15 km) values were rbtalned for the 27 December 1971.track - g l;-
(in the zone 1ying rorth of —30°) after processing of the CO,- ’
photometer observations using the standard methnd. It is natural
to assume that these pressures and altitudes refer to some effec-
tive reflecting level in the clouds. Thus, their altitude proves
to be of the order of the altitude cf the homogencous plahetary
atmosphere. Similar results were obtained in the terrestrial
observations of the author and O. G. Taranova /17/, and also by
Parkinson and Hunten /18/. The distribution of temperature with

13 L
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' weighing 109 tons: in the ataosphere of the entire pianet

Our estimate 1is based on the simple fact that the transpa-
rency of the clouds et the 1.4 um wavelength is markedly higher
than at the 0.7 pm wavelength. "This 1is especially clearly evi- » ;
dent from a comparisun of the red (0.694 um) and infrared (1.338 :
um) profiles of 15 December 1371. Since the cloud albedos (and
tuus also the true absorption) at thesc wavelengths are nearly ;
identical, the difference 1ir transparency can be attributed oniy ‘
to the guite sma2ll ratlo of :sadiv=s to wavelength. Ar approximate g
quantivatlive consideration ylields the estimate indicated above,

VAN -y
r= 1 un. :

The optical thickhuess >0 ) 3
7=fa YA . ' :
A
0 I ‘
(where ay is the coefficient of extinction) must be zbout 3
gm arnd more than 6 for 0.7 pm in order to explain tre

15 December 1971 cobservations at this radlus.

Fad
for 1.0

It is very Important nct to err in tae mean estiﬁates of .
particle size for the entire concepi. of the dust storm. If par- ‘
ticle sizes are cf the order of 1 pm, the particies can be sus-
pended in the =tmosphere for about 100 days and strong vertical
movenients in the ztmospher< are not reguired for protnac%ed ber-
sistence of the dust clouds. In this case, the dust storm is a
storm in the common sense ¢f the word only in the initial otaée, _zgfg
but then the wind velocity Is reduced and the secong phase —-,the'

phase of slcw settling -- sets in. ~ '
But if the estimate of Ieovy et al. is vaiid,and'the'paéticles‘f

are larger, the settling time is only several days‘end there must

be strong atmospheric movementu throughout the. period in which

the dust clouds are observed for the dust clouds to persisc.

[}

The optical thicxkness 7 = 3, r = 10 - cm with the density

p.> 3 g/bm2 yielc a mass of dnst in a columm 1 cm in cross-

saction of about 1 3 g/bmz, which corresponds to a mass of dust

-
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ice pawticles can Droviqe opt1ca1 thicnnesses v+ = 1, occurring

c) Effect of the dust storm on the planetary thermal regime

is indicated, the surface temperature during the dust storm
decreases.. This is a ccnseguznce of the higher transparency cf
the dust clouds for the departing longwave planetary radiatfont
than for the shortwave £-lar radiation. ' It is natural to call
%his effect the antigyeenhouse effect, since it is opposite in
sign to the greenhouse effect. A semiguantitative analysis of
the planetary thermal balance when tne antigreenhouse effect is

_ present  has been presented in a work by Ginzburg /21/.

Eigh-Iatitude Clouds

On the 15 February ‘1272 and 28 Februarcy 1972 tracks thz ultra-
violet profiles showed a sharp rise in Erichtress ubon transiting
the latitude at about 354&09. Mariner photog "aphs obt ained in
the same reg;Ons, several days later, demonsurate brlght clouds .

"here. These clouds show 'up practically not at all in the’ near

infrared spectral region, from which the following may be con-
cluded: '

1). particie sizes are small (tenths of a micron), and

2) the clouds zre entirsly tfansparent to surface radiation,
in the fa- infrared region, and the temperature measured hera

' pertains to the surface.

Though the surface temperatures in this reglon are c;ose to

the C02 condensation point, it is not necessary fhat the high- [;2

iatitude clouds consist of solid carbon a;cx*de, since here a-
temperature inversion in the atmosphere is possible. . From thgv
H20 profiles we can sce that water vaﬁor‘disappeafs here. Five
to ten microns of precipitated water in the form of ‘small-radius

in the snortwave,region of the spectrum. Co.
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; altitude obtainred in two Mariner experiments (IRIS, ef. /IC/) and
radio occultation measurements /15/ independently indicate a high

{ b
A

cloud altitude.

b) Estimate of particle sizes

We will dwell on this problem in greater detall, since here =

H

/1,2,77 give the estimate =

N thare are contradictions between different authors. Moroz et al ~y

r x 1 pm .

z] ’
LI '
; T-;I\W‘{mfﬁ"‘ LA

Pang and Hold indicate a close value /13/:

r = 2 um .

Leovy et al. give a much larger radius /20/:
r=3i0 um .

[y

211 three estimates are based on pnotometric arguments. OFf
course, dust clouds are innomogeneous in different regions and at

g gk btis o e
GBIl i

different altitudes particles of different sizes can be present.
However, the method used by the =authors /20/ raises fundamental
objectlions. Their conslderations amount to the following:

i) The albedo of clouds in the visual spectral region is
small ( = 0.13), which means that the albedo of single scatter-
ing is small, and the single-scatterling albedo is the smaller, /13
Without presenting their calcula-

N il . . G, . .
éf*ﬁ%%ﬁ&?*&@**~‘-a R
A AL

the larger the particle size.
tions, the authors 20/ state that the albedo observed can be
attained only for dimensions bf several tens of microns.

2) There are photometric and radiometric arguments in favor
of the view that the surface layer concists of gralns several

 tens of microns in size. The authors /20/ believe it is natural
to expect that dust clouds consist of particles of the same.size.

Both arguments do not appear convincing to us. The same

particles nave much lacger albedo values of single 8cat§er1ng in

the red and near infrarzd spectiral regions, ard the'sizes of
.surface layer grains obviously can be much larger than the mean

i

size of particles suspended in the atmosphere.

14 - | | 4 o
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Fig. 1. Measurement tracks of Mars-3. o /18

Fig. 2. Results of measurements along'thé 15 Dezember 1971

%
2
=%
b1
=
£
=
k]
$
]

: track. Brightness infrared Eemperature TB’ soil temﬁerature
5s? bbightness
.B (1.4 pm) in the continuous spectrum near 1.4 um, dielec-
tric constant of soil ¢, altitude Z relative to the 6 mbar .
- level, T_'—- calculated -mean-diurnal temperature, aad #; --

(calculated from radliofrequency radiation), T

Il
o e R
el 30
.
.
.

cosine of zenith aistance of the sun.

Flgs. 3-7. As above, fcr the remaining five tracks from 27 Deh—
ember 1971 to .28 February 1972. - '

. Fig. 8. Altitudes babed on 27 December measuremen-s. In the
right part the altitudes undoubtedly ‘refer to the upper cloud
" ceiling, and not to'tﬁe‘surface. Altitudes along the coinci-
dent sectilon of‘the 16 February 1972 track are given by the
‘dashed line. =+ '
Fig g. Resul ] bf‘measﬁrements along the 15 December 1971 track.
The Heo content pressure, brightness at the wavelengths of |
69AO 4940, and 3700 A, ko -- cosine of the zenith distance
© of tne sun, and Ho is the coeine of the zenith clstance of

the spacecraft..

18
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Figs. 10-14. As above for the remaining five tracks.

Fig. 15. Comparison of measured and calculated_temperatqres'for
the 16 February 1972 track. : '

Fig. 16. As above for the 28 February 1972 track.

FOOTNOTES )

Figs. 1-7 and 9-16 are missing.
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