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TOJiRB&TRIC STUDY Ob'jm PUM jiARS" 

SUMMARY 

In this paper wc analyse fiv^ thous^jid two hundred noasurcü of th^ 
polarized light of liars, collcctod during tho laat niik.' apparitions of 
this planet, sinco- X948. 

The polarization curves for thj bright eml the  dark arjas of th. 
planet aro roproduced for ^-ach one of tho apparitions, for  the wave- 
length of 0.61 micron. 

The variation of the polarization for thj spectral range X.Oip to 
0.45 micron is jxamined. 

The polarinetric and photometric study of selected sonifies of niawralc 
enabled us " to conclurlj the presence, in the bright arjae of th^ rl.n^Cj 
of a fine powder of hydrated iron oxp.d. of th.. limonit^ type, tho fin.r 
grains of this material wrap the lar^r onos; Linonite coull be a super- 
ficial coating on grains of absorbing material, resulting from atiosph^ric 
weathering. 

The seasonal variation of thu polarizing properties of thv. cl.rk 
areas of llnxs    follows closely the variation of their darhn-.is "t I-Iar- 
tian spring; this suggests a seasonal modification of th.,ir iiicrosco- 
pic contexture. 

The luminance of the atmosphere of the planet, ir.;e from Vuile or 
discernible aerosols of sizes larger than a fraction of waVw—length, 
ar.iounts, for ^ » ü.6l micron, to Ka (u.6I micron) = ö.OxIO"

4 stilb/phot; 
this corresponds to a surface pressure of jO millibars. 

Particles much smaller than the wave-length escape detection by 
the  polarimetric toclaiiques. Such particles, if any, increase the 
scattering power of the atmosphere. The above givon atmospheric pressure- 
should be considered in such a case as on upper limit. 

The scattering coefficient of the atmosphere at 0.47 micron is 
Ka(0.47 micron) = I5.I0~/r stilb/phot. This value shows that the atmo- 
sphere of the planet is much .too transparent in the blue to mask the 
markings of the soil. Nevertheless, due to the very low contrast 
between bright and dark ar^as in the blue, even very tenuous Veils can 
make the surface markings disappear. 
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INTRODUCTION : 

In the present paper arc grouped the measures of the polarized li^ht 
of Mars cüllectod since 1946. Since 1961, such measures have been particularly 
develops ' end extended to the Infra-red spectral region, thanks to a research 
contract with the U.S. Air Force (l). 

In this paper are reproduced the polarization curves obtained during 
each one of the nine successive apparitions of the planet Mars in the course 
of the last 18 years. 

Conclusions on the nature of the soil and the atmosplxcre of Mars have 
already been deduced from these measures (i){4)(5). Now results recently obtai- 
ned and not published^ are given in the present memo. 
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PÜLARIHBT^RS  : 

Tv;ü types of polarimetjrG hava boon used fur the study of thu pliiiut 
Mars since 1948. Tho visual,  fringe polarimetor ic :i mod^i conceived by LYüI 

and the Infra-rod photooloctric polarimctv^r worked out in thu scheme of the 
present Research Contract ;;ith the U.o.A.r1.  (l). 

1) Visual fringe pplariraotor of LYOT : A description of tlds instru- 
ment has been given by LYOT i.L 1929 (2).  Information on the same is equally 
given in a publication by A. DüLüFUS,  in IJfj (i).  The visual fringe polari- 
metor of LYOT has been reproduced many times by the French Society Ets. Jobin 
& Yvon on behalf of a number of observatories. The instrument coi.iprise.i a 
Savart polariscopu placed between the eyepiece and thw eye of the observer. 
This polarimeter gives a set of very close intorf jrence fringes when the 
incident light is polarized;  the observer sees the planet striated by the 
fringes of the polariscope. A very tliin celluloid plate is interposed in th^ 
beam;  this plate can be tilted by the observer at vail Mnd introduces a pola- 
rization of the light allowing compensation of the polarized light of the 
planet,  the compensation is accompli eh .■-d when fringes disappear on tho plane- 
tary region having the same polarization ris the compensating plato, üureuvor^ 
an auxiliary plate, the principle of wtdch is given in nYGT's article ('Z)(4), 
increases the sensitivity of tho instrument and allows tho observer to per- 
ceive visually,  on small areas of the surface of the planet,  proportions of 
polarized light of the order of 1 thousandth. A specimon of observ itiun 
through this pclariiiuter is given later (see Fig.  i). 

2) Photoelectric -polarimeter  : 

The principle of this polarimeter was described in a note publieheJ 
in the "Comptes iLnidus de l'Academie des Sciences" in 19^3 by A. üGelü'UJ  {o). 
A new modulator of polarized light was described in Vjbj (7). 

The pelarin^t&r works according to the following procedure  - 

The light coming from the planet and collected by  the telescope is 
focused by a Fabry lens giving a small image of the mirror of the telescope. 
In front of this lens,  a Compensator of polarization is introduced acting by 
reflection njid transmission of light through a tilted plate according to 
Frosnel laws.  The focal plane of the image of the mirror given by the L-ne 
coincides with the rotating wheel of the modulator of polarization. The pur- 
pose of the modulator is to introduce periodically fast rotations of 9U- in 
the direction of polarization of the light. 

The modulator (?) is followed by a birefringent prism,  splitting 
the light into two booms and acting like  two analysers working simultaneously 
at 909-  The non-polarized part of the incident beam is not altered by the 
modulator but only split into similar beans of constant intensity by the 
birefringent. 



- 5 - 

Tho polarizüd part of tho incident light iö altornatoly transmitted 

in each beam. Tho result is a i'lickorin^ duo to relative intensity of the 
two bc;anis, proportional to the intensity of the polarized part of the incident 

light. The photoelectric colls are photomultipliers ha.ln^ caobiui photoca- 
thodes on oxidized silver for tho Infra-red measures, or antimony-caosiun for 

measures in the visiblu or ultra-violet spectrum. For the far Infra-rod we uso 
lead-sulfido photocells. 

The a.c. resulting cuirent foods :. specially desijned amplifier, the 

modulating frequency lying near ^p cycles/sec. The aiaplified current foods a 
rectifier, synchroneously attached to tho optical modulation by thj modulating 
wheel, 

Tho gain of tho .amplifier is such as to give the level of fluctua- 
tiens duo to tho photocell directly recorded by a microamr^ter. up ratingtho 
polarization compensator in front of the instrument, the observer is able to 
match exactly tho unknown polarization, until the deflection of tho microom- 

motor is exactly cancelled, so long as fluctuations are observed. Tho sensi- 
tivity can be increased in proportion to the square root of the integration 
time by the use of an electric-flux integrator. 

For tho study of the planet liars, wo used a photoelectric polari- 
moter of thn, above type equipped with Infra-rod cells for observation between 

0,7 .and 1,1 micron wavelength. A description of this instrument is given in 

the "Annual Summary Report i^  2" of the Contract AF-6l(ü'j2)-^0a. 

fhotocolls aTw phctomultipliers with 7 stages of dynodes increasing 
tho photo current 1000 times. The photocathodos are caesium-coated silver 

with oxidation to increase the quantum efficiency in the Infra-red. Tho two 
photocells have to be cooled with dry ice. 

This pelarimeter is used with three selective filters isolating 

throe spectral domains centered on tho wavelengths^ 0,8:5, 0,95 and l,0j mi- 
crons. The transmission curves of these filters are reproduced in tho "Annual 
Summary Report N2 y  of Contract iF-6l(O52)-50ü and publication (6). At room 
temperature the instrument is able to do toot at 1.03 micro.: a flux of pola- 
rized light of 2 to 3.10-y Watts, with 1 sec. integration time. 

l/hon the photocells are cooled with dry ice, the threshold of sensi- 
tivity is reduced to about I(J"^0 Watts. With the help of the integrating flux- 
meter, successive integrations of several tonths of a second enablo us to 
detect amounts of polarized light of the order of lO-H Watts. 

Through a 40i.- tolcocopo, the planet Venus gives a flux of the ord^r 

of 10-7 Watts, in which the polarimeter is able to detect .an amount of pola- 

rized light of I/I0ÜÜ. On i-Iars, the flux is of tho oruer of 10 times smaller, 

and requires integration to reach the same accuracy. On Jupiter,, the flux of 
2 to ^.I0~ö requires successive sequences of integrations to give satisfac- 

tory results. The case of the moon is simple, so that small areas of th- 
surface can be selected, corresponding to soil materials of different albedos. 
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T~LESCOPES : 

rt) The visual fringe polarim~to~ have b.Jon us~d sine~.. 1948, pri.!ci­
p.:'.lly uith refractors, in viow of the fnct that r~fro.ctors crivo ohr..rpor i mn-:_.-:::: 
than reflactors for the meo.suromont of small areas localiz0d ou the surf~co 
of tho planet i·iars. Tho visual polarimet~rs wcr ... used in Frru1cu with th-.J oJ.­
lowing instruments 

1) 'rha 60 an. refractor of tho Pic-du-~lidi Obscrv.:J.tory , i 1 the Pyr~­
noes (alt. 2870 m.). This refractor wv.~ mow1ted nt this Obs0rv tory by B. LY 1 
in 1943, specially for th<:: study of th~ surf c.;s of pbn ... ts with .:1 hi e-r, rvscl­
ving power. A description of this instrum.:Jnt has bc..::n ffiv0n by J...YIYr in 19~) 
( 9). The particular application of this r ;;fractor i n polarimvtric m..: surom~nts 
was dvscribod in 1955 by A. DOLLFUS (3). 

2) The 8.3 an. refractor of th0 H.::udo1 Obs..:rvatory. This i nstrum.::nt, 
which is tha lnrg ... st r ufractor oo far built in Europe , UP.s r uc.mtly moderni­
zed by P. i'IULLE;R and has oparntod since: 1965 i n th field of pobrir.10try. A 
description of this instrument has b;...; 1 givon by P. l'lU1L~H i n 1965 (10). 

3) The 30 an. refractor of tho H .... udon Obsorv:1tory. I n r or to dis­
charge the instruments of great np;;rtur , wh~n no high r 0soluti on is r oquir. , 
a small 30 em. aperture r<:fra.ctor w.o.s ountud in 1964 a t t ho M'"'udon Ob s. ;rva­
tory. Th object glass r"tiO is f/!0. The instrum..;nt with its .;qu:1torial mot;nt­
ing is housed in n mobile cabi1 in tho ObsJrva.tory' park. Through this i s­
trumen t, a grca t number of polnrim.:: tric m.:n.suros vf t h..: \-thol~ plan.:;t · w.r s or 
the largo bright end dark ar0as of its surf c~ wor~... svcurod . 

Furthormor~, tho:; visunl f ringe polnrirrlJtvr was us..:d fro tit " to 
time with th~ 4j inch r~fl~ctor of th~ Pic-du-?tidi Obsurv~tory, pri cipally 
for taking measures in blue light. 

b) 1h.9_ ;ahotoolcctric _polnrim2~ n ·osurc th ... light co1. i nc frot . th,. 
whole ple.n t in the Infrc.-red dom~s. It roquir~s o. lnrcc quantity of 
light. Consequently, such polnrimctors arc used with r~~lcctoru of ;To .t ~p~r­

t urc . Our 1nfra-r~:~d polarim •tJr wo.s used with th · folloHin~ bro i . strlUT10 1t:J 

1) Th 40 inch r.:lflector of the Hcudo1 Obs .:.rv'.:'.tory. This old ins­
trum~:nt \'T::'.S ut into oparation these: l nst ycnr .. , thnnks to thv U.S."'-.F. 
R s~c..rch Con tr ct /.F-61( 052)- 500 (1). Th~ MCi nt l l v\-ltoni~ :u-rnng<:l-

nt hns b0yn tr~sformcd into a Cassogrnir1-coude combi ~tion. J~ compl~tc ' as­
cription of tl1 • rol~tivc optic~~ end ncchanicnl modification is giv~n in ~hu 
"Annuel Su~w.lal".f Report kl 2" of the ::mi.(! c; on tract. I n th...: srunu R..; port c.ro 
::'.l so giv.::n the t~sts of the qualities of th ... opticnl surf::'.c...: s s w.:;ll ._,) t :·! 'J ·· .~ 

:=;uron.::nt of th~..- p::r::Ctic p...l:".l:.Z.~'.:tior~ :tJ;ruduc;j'l bj thu coude n irror. Th wn.~' uf 
carryir.g out m0asur ... monts for th.; corr c"ti,on of th-J instrununto.1 pola.riz tion 
is described in th~ "hnnual Summary Report 11i9. 3" ~d a publica tion of 1965 (8) . 

2) 'l'ho 43 inch r0floct r of thv Pic-d.u-Hidi Ob3.;;rv:lt vry : This nm-t 

..... 



rJ 

inctrumont, put into oporr.tioii those last years at the Pic-du-iÜdi Station, 
was used whonoVor it was nccossary to take- moasuros on planets of lower albedo, 
such as Jupiter or aars wlion at a great distance fron the Earth. A descrip- 
tion of this instrument was published by J, Rösch (ll). 
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STUDY Qg THE POLARIZATION OF THE LIGHT OF MARS r 

The purposo of the mcasurjmjnts of tho pülariz.-.tiori ia thu dotjmi- 
nation of tho quantity 

which is called "proportion of polorizod light" JC^and I2 aro the intensities 
of tho two components of thü transvorso orthogonal vibrations. This quantity 
"P" varies from ono point of tho disc of tho planet to another,  as a function 
of tho phase angle "V" at which tho planet is observed. Plotting on a graph 
the proportion of polarized light P as a function of the phas^ "jiglc,  wo 
obtain tho curve of polarization for a given area of the disc of Mars. 

The photoelectric measures collected these last years referred  to 
the light of tho whole disc and gave the global curve of polarization of the 
planet. 

The measures taken through the visual polarimet^r referroi to snail 
.areas localized on tho disc. A. DOLLFUS has undertaken measures of different 
areas of Mars sinco 1948 (3)(4)(5). J.H. Focas joined this great progrrm frei'! 
1954 (I2)(I3). The observations wore also able to be developed   thanks to 
co-oporation between observatories spread over different longitudes threugh- 
eut the world which joined the said program. The obscrvatorie:; of Pic-du-IIiii 
Meudon, Athens, Harvard and Kiev contributed to this observational cai.ipaign; 

coordinated by the International Astronomical Union through its Commission 16 
"Physical Study of Planets and Satellites". Since 1961,  tho  U.S.A.F.Reeearch 
Contract    .f-öl (052) - 508 has allowed a larger development of these 
observations. We now have at our disposal  more than p2üü measures taken 
during the 9 last apparitions of the planet Mars since I94Ö. Table i\9 I giv^s 
the measures taken in orange light during each one of the apparitions and 
contains  :  the Observatory,  the (Jbserver,   the number of observing nights.   th~ 
number of measures .and their total number for each opposition. All measures 
reported in this Table were taken with tho visual fringe polarimetor of LYOT 

and refer to small areas of the Martian surface with the exception of thoso 
taken at Kiev Observatory by Jorozenko through a photoelectric photometer. 

Fig. I gives an exrjuple of an observing session through the visual 
polarimetor :  the values of tho proportion of polarized light ? .are expressed 
in thousandths;  they refer to areas of the surface of tho planet of a siz^ of 
1.5 sec. of arc. The measures are accompanied by appreciation on the transpa- 
rency of the Martian atmosphere j a drawing taken in blue light is added for 
information. Moreover,  the longitude of the central meridian o^,,  the latitude 
of the center of the disc/,  the apparent diameter of the disc d,  the phas^ 
angle V and the heliocentric longitude ty of the planet,  are given. 

The observation reproduced in Fig.  I was taken on February 26,  1%J 

for the phase angle V = 1^.5;  the proportion of polarized light on th^   tr.'.jht 
areas at the center of disc was -4.2 thousandths;  this value persists  JII the 
risin , limb on the right,  which was considered to bo free from any nppreciable 



26 FEVRIER   1963   18H35 d 19H00 T.U. 

(*)= 1«5f V= 15*5 

9=+ 12*6       T) =144*6 

d=    12#/8 
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-4.2 
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-4.2 
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,  ...Clair 
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Eclatant 

19H45 Filtre  bleu W.47 B 

ASPECT DES  VOILES EN  BLEU 

OBSERVATOIRE   PIC OU MIDI 

REFRACTEUR OE 60cm 

POLARIMETRE DE LYOT 

AUDOUIN   OOLLFUS 

Fi^     1 

r^v » ■■ imKum^m 
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atmosphoric voil. The dark areas show a stronger negative polarization. The 
polar cap shows a zero polarization. At the setting limb, on the left,  strong 
anomalies of the polarization characterize veils made manifest by their white 
appearance along the limb of the planet;  such veils disturb the polarization 
to a greater e-Atünt than that seen by the visual observer. 

One of the two white spots,  at the limb,  shows a zero polariL-ation 
of the clouds but characterizes a hoar frost deposit analogous to that of th^ 
polar caps. Similar observations taken previously have already shown that this 
area called "Nix Olympica" should be a high mountain mass wrapped in a cloudy 
veil with some peaks covered by hoar frost which seem to emerge from the 
cloud layer. 

Observations of this kind, collected in 1948,  1950 and 1952 have 
already been published,  as well as the analysis of the relative results, by 
A.  DÜjjiiFUS in 1955 (3). Some obscrvatieno taken during th,- r-pparitions uf 
1961, 1963 r,nd 1965 hav^ net boon published and arv..reported in the present 
memo. 

Since 1963,  thanks to the support of a Research Contract with the 
U.S. Air Force, observations have beer carried out with thu visual fringe 
polarimeter in different spectral regions,  covering theapoctrumii*on the vi- 
sible red to the blue and have been extended in the Infra-red to 1,05 micron 
by means of the photoelectric polarimeter (14). 
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TABLE I 

MEASURE OF THE POLARIZED LIGHT OF MARS IN ORANGE LIGHT - 0.61 MICRON 

Yoar Obsorvatory Observür Obsorviiig     Number of Total 

u            j i     nights ■   moasuros , 

1943 j     PIC-DU-rlIDI 

PIC-DU-IIIDI 

;                                         i          -           -       — 

:   DOLLFUS                  25 550               550 

1950 DÜLLFU3 55         i       500       j      500 

1952 1    PIC-DU-JIDI 

;      PlC-DU-riIDI 

DOLLFUS 

FOCAS 

31          !       330        ;      550 

1^54 41                 440 ) 
i 

i DOLLFUS 1          5 55 )           756 
1    ATHENS FOCAS 52 260 )    ; 

! i 
r                     i t 

1956 1    PIC-DU-riIDI DOLLFUS 46 477        | 
1 FOCA£ 57 580             1308 
I    ATHENS 
i_  

FOCAS 20 251        ! 

1958              i    PIG-DU-MIDI FOCAS 21 372 )    :      ^ 

1960-61 

1    ATHENS 
t 
» M ■ i — «■!■■■■■■ i    mmmmmm*mmmmmm*-mmi*mm 

1    PIC-DU-MIDI 

FOCAS 

FOCAS 

26 

54 

256 ) 
ucu 

3«) 
I 

MÜRIN 6 50 ) 435 
ATHENS FOCi.S 7 62 ) 

1963 PIC-DU-MIDI DOLLFUS 14 170 ) 
i-IAURICE 6 50)    1 

| MORIN 4 19)    I      eT7 
214)    1      5I7 ATHENS                   ! FOCAS 

KIEV MOROZENKO 55 61)   : 
HARVARD A. YOUNG 5 3)    ; 

._.„,_...— _ i... .-_ ,   ■_,.,     „j 

1965 PIC-DU-IiIDI DOLLFUS 29 

! 

530)    ; 
FOCAS 9 64)    - 

t MEUDON FOCAS 60 185 )    I      666 
i i 

t DOLLFUS 10 61) 
1 KIEV uOROZEI'JKO 26 26) 
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POLARIMETRIC STUDY o:to~ TIU: PLANET r-u.RS I N I963_ 

In I96), wu ruquost~d th~t, in th~ scheme of th~ activities of thv 
Commission I6 of th~ Int~rnationnl Astrono~icol Union "Physical Study of th~ 

Plan .... ts end Sat.1llitvs", diff vr0nt obs rvetoril3s situnt-.:dd; C:if'or vnt tvrNs­
trial longitudes and quipped with polarimoters, carry out polarimetric ob­
s~rvations with a view to a concurtod study of th~ plnn0t Mers. Thanks t o 
th~ support of Int~rn. Astr. Union, tho Obs~rvatorios of Pic-du-.d di , ~udon , 

Athans, Kiev and Harvard carri~d out such obsvrvativns which hav~ b~vn nnaly­
s~J nt thv !olvudon Obs~rv!!tory, Fig. 2 gives a sp-.cim"'n of th-.. m.::;asurvs tr.kon 
on tho bright 3r~as of ~Inrs at tho ccnt~r of tho disc. Tho obs0rv tori0s ~0 

cbaractvrizod by diffor~nt symbols. Th~ proportion of polnriz light i s vx­
prvssQd in thousandths. Thv measures takun by thu diffor 0nt stations ~r0o 

to ono thousandth npprox. and do not s.::.Jm to .::pond upon tho Obn..;rvnt :-:y , 
Obsorvor, or instrument. Th.;: curve , in h-.:avy line, givos thu polarizati n of 
the: soil of Hnrs , its atmospher e bdng fr..:e from app~~,.nt vvils. Th.:: discr ··· 
pancios charact~rizc tho status of purity of th~ lnrti~ c~osphvr ; i u f act 
thoro arc vhi te v-.:ils of ico crystals and yullow ..;ils of finv dust, JX:rsist­
ing socavti.Ioos in th.) planot' s atz:losph:..r v r.nd perturbing th ' polnrizati n. 
Their polarizing properties hnvo beJn s tudi vd i n previous publications (3) 
(4)(5)(I2)(I3). On Fig. 2, the ccasuros tak 'n botwoon ~end ~ cov~r tho 
period lst t o ) Oth Doc.::ob.:.r 1962; they ~.:l in agr..;.:.ruont \'lith t he mu.:m curve 
of the: bright ar~ s tr~c~d wit h h..;avy line , vs tablishud i n the nbs0ncv of 
voils; it r osul ts tho. t duriP.g t ho : "'riod c ncern~d thv ·1nrtir.tn a tmosphor 0 
was very pure . Fro~ thu 1st t o th"' I 5th of January 1963, i. J ., bvtw~~n ~ 
and ~ on th~ figur~ , light hazJ , oft~n invi3iblv, nffv ct od th~ transpnr~ncy 

CJf th..: ; nrticm at mosph .. rv ; f r O!:l. £ t 0 !!_, the.. c.r.::;l..; of vision was too small 
to obtain signif icc.nt r 0sul t s. Bot w0on I 5th Ful.>rua.ry and )Oth H~ch 196), 
fran .!!, to ~· .:.xc.:. ... dingly scat ter ..:d no::suroc and vory low v:llu..::s i.ndicl'.t.:: th~ 
pruscnco of yollvw v~ils complon~ntine svmv ic~ cryst~ clouds. Till thv 
middl .:: of Hays fro.o ~ to £, th:. y ..... llow vdls disa.ppoarod, but sona localized 
haze of ice crystals, manifested by anomalies at the disc's l imb , induced a 
further scat tering of the measures . 

The detailed study of observations similar to those of Fi g. l allow 
the localization and density of t ntmo~pheric veils or the dust cloudn and 
establish the manner of their evolution. Such a stu~y does not enter into 
the scheme of the present publication. The observations are grouped at the 
f1eudon Observatory where they are available for the study o .~.· the iiartian 
clouds as required. 

• •••• 
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The curve traced with a heavy lin~ shows the pol:u-bs.t iol! of th~ 
soil when the !fartinn atmosphere: is particulerly trcnsparent. Pro!<l Decer.·.b~..:r 
1964 till the end of' 1965, frcm ~ to E. on th.; curv~ of' fie .3. t'l'-' l'ol.lrh.o. 
tion charnct"rizes the soil of' the ~la.n~t seen through e. very pure ~.tr::osphcrc. 
During the la.at period, from J_ to 1 ~ there ~c discrcpo.ncies E>J!'.ong the :-.:~~f; .lr .:.:· · 
of' polarization, due to the re.tll<:r-frequent pr.::senc~ of veils. ¥rticn 
seem to consist ot ice crystals. The mce:.aurcs ta.k-.!n on th~ ci.(U"l;, m-co.s of th~ 
aurt~c ot the planet arc r~portcd in fig. 27. 

Fig. 4 ~nd 5 show the polarization curves of the briJht ~·0~ of 
t:ars ~c.sured a.t the c nt\.:r of' the disc througU diff'erc..nt colour filt er .... 
As it r~sults from fig. 4, t he shc.pw of' the polill'ization curv.~o vari~s very 
slightly with the wave l(;ngth in tb.: Infr~ R..::d r~g~. Fig. 5 shows a pro· 
srcssivc dtminution of' th~ phas~ ~gle f'or ~~ich the polarization is 
zero end the increase of the slope of' th~ po3itive part of th~ curv~ . It 
will be shown lat(.)r that such pro~rties chc.ractcrizc the atno&phcr i.! of t he:: 
plll.net :-!ars nnd allov e. dct~nr.im:.tion of its t1·e.nsporcncy in blue li£ht. 

By the ~nd of Jun · 19G5, the ?h:?.S~ e.ngl~ rct.cheC'.. the vc.lu~ of 
V • 39° , which was the r.l:l.Xii:'!Utl access iblc vc.lu.) of t h:.tt yc c:r. ',k r \.:,ortl.:d 
on Fig. £ and 1 the proportions of polariz"'d lig.'lt !!.1casur.:::ci on t hc briGht 
arcu at the C\.:nter of the disc as a function of tit~v, during the ~onth& 
ot MQ1, June end July, for ccch one of th~ spectral do~~ins > red , or~n~ , Gr~cn 
a.nd blue-~gre~n. Th~ hae.vy line.: shows whc.t should be thl: vario.tion of th~ 
polarization if the etr.losph ·r c of t h ... plenct vcrL: fr~c fror.: ve ils. It c:1n l':l. 
asce:rt a. in~<i thet tt.is was the c~a ;.: during tt.e I:lont~ of :tcy ~ on th ... cc,ntl'::lrY, 
in June, strong discr~pancies of t he polarization hnvc bc~n rccord~d for 
each on~ of th~ four wav~ lenghts , o.ll in th-.: positive s~.;ns .... . Such di:icr..:· · 
pancies ere ~xpla.in~d by th~ pres~ncc of fa.h!t v~ils of ic ..: cryst ::.ls. ':hc :i ·~ 
veils ~re observed es diftusc whit~ f~rnation~ . but for t~c ~ost prx~ , 
ther e vas but c. slight inc:r~.:o.se of th..: polo.rizl'.tion of the lir)lt ~~h ..;n th~ :; ~ 
r eGions wc1·c seen obliquely along tt.e risinE or the cctt inf: li.t.bs of t: L. 

planet. 

During this .:::poch the :·!llrtia.n t>.tuosphcrc s ... cL:~cl to bc rrc ... fron 
dust elouds ; the presence of such clouds. if eny, ~houlci bl. r~vcal~C'.. by 
e diminution of polarization. Fig. 6 !Ln~ 1 show that t!1e ~iscrt:pa.nci""'s 
of th~ polarization given by t~1t: \lhitc veils r.ri! stron,;~r towo.rcis the. r c.: 
than tO\-rsrcis t.'lc blue. 

\lc sh<lll see: la.te:r hem th..:s.: obse1-vations a.llo\-: the dct e:rr1in:1t ion 
of the transparency of th"= L.tmosphere of i~ars in blue light. 
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3URV~Y OF T!~ POLUUi-STRIC :~URL:;ril::~!T3 'OF T~u:; LIGi1T ARl:~;l3 OF !lAi{C -·-- ··- - ~ ... - - . - -.---- - -- --- ·- . -- . .. ~ -.. ... .. ----.-·-- - ·-·· _____ .... ________ ., ______ _ 

Giuc.: t.h~ ber;innir.c of cur otservations, took place .succccsiv..:: ly , 
tnc follc,.;ir.g apparitiv&lS .:..f liars : 1?48. 1950, 1952, 1954. l95C, l~l~8 ~ l ?i)O, 
l9C3 :l.llc.l l9C~. For c~c;. one cf these: ::.prcritions, Yc trc.ccd ;;c.l!U'ir. ·.tbn 
curves of th~ bright :.rcJ.s or tl.~ ~l:.nct :-:.t t:1~ center of the disc. 
Curv~;;; conc~;:rr.inc the : .~p : .. riticns of l)4G ~ 1948 . 1950 ::md 1952 h'--:.ve 
~u.l\:~·.dy b~.,;cn pablis~1..;~ in 1955 ( 3). 'ill..: \Jbt~crv,;.ticr•s ·-:Jf 1954 tv 1~65 -~·~.. 
rcportcC. ·.:.n Fie; B tc 13. ~ ... c!-1 one ,f thcG~ l'i.;urcs bives in '""bcif:s:l.e the 
yh. ... G.:! ..:.r.gle c..: r.;;:;. th~ ht:l:iccentric lcm,, itud~ ·;,1' the pl~nct ~.nd in ordin.:.tc~ 
the prol'-·rti•.'C of :>cl~izcd li.'~ilt. He..1.vy lines re,rcsc.mt the polarh;:.!tion 
of t.h~ soil of ; l:.l•s \/hen it is observed tlu·ou.ch th~ .. :.tmo~phcrt; .:>f tiH: 
pl~ct rr.::c froto V~i:ils or clouc.ls. In 1954, Fig. S, th~ a.tt~sph.;:rc o! tt.~ 
pl .... n.::t s~cu:ci to be p;.:.rticul~l:,- tr.lnspJ.rent 5.urir.s the \-rholt: ~~ppuritio::-•• 
0.(1 t he contr.1ey, in lJ56 , Fi.;. ? , it v~ p:u-ticuln.rly llisturb~cl by pt.:rsistzmt 
;rcllov v~il;S~ rt.""orC:..t:ci by nur.er\)us o'Lservers. Ir. 1)58, :t'iti• 10, the : 1~ti:.:.n 
c.truosph.::r\; w::.s tr5.nsp;.:.rcnt ciurinc the fi:-::t !l:u"t of th~ obs~.;rv:.otion:ll pcrioci 
U) to the op~,osition ~ a.fte;rv.-.rds, the pol;ll'iz~tion r~.:vc~lc:~ the ~>r~senct;.: of 
scree ycll<J\-r v.::ils ; s~ch veils vould cscape:d an:.- othGr obscrv.l.tionr .. :. prcc~dure 
th.:l.l: ,?ola.riza.tion. 

In l9li0, th~ !!:.rtia.n atu.osphcrc as a. wl·.olc w~ su1'1'iciently 
pure, fi6• 11. 

The obs~rvations of l9G3 <lr.d l9G:,i ( i'L~ . 12 ami 13) have bo;)cn 
CCLJI::~r.tcu pr(..;Vio..tsly • 
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IIENTIFICATION Cl' THE Hi .. TURE OF THE SOIL Cl' mE PlJJiET l.U.RS 

The polarization of the light of tha bright areas or tl'E surface or 
Mars allows the interpretation of the nature of the soil of this pl~ot. 

a) Previous investigations : 'Ih-3 first researches fo":' ~he identifi­
cation of the nature of the soil of t-lars by means of the polarl.Zation of the 
light, have been published in I95I by A. DOW'US (IS). These studies con be 
8UIIIIlarizod as follows (3) : 

"Studies developped in the laboratory, show that such polarizatioms 
necess::u"ily characterize a VOl"J ub:JOrbent, pulverized and opaque subst:mce. 

There are but very raw substances which ahow an inversion of th;:J po­
larization for such a high phase angle as 28R; this material, rnoraov.Jr, shol·t3 a 
negative polarization when observed obliquely; such a negative polarization is 
not usually associated wi t.1 the above stated property of inversion of the po­
larization at 28i anglo of vision. It ~stricts tho field of study to well de­
fined substances and favours the salection of a sample. 

Diffarant red sandstones vary aboorbent, crushed, pulverized or siftod 
in various ways have been tried, but none shows such a pronounced neeativo po 
larization as the I~tian soil, and nono an inversion of the polarization for 
such a high angle as 28R. 

Pulverized silicates and metallic oxides of a deep brown colour have 
been studied 

- Pyroxene : .. ugite SiU2 (Fe s Ca, t.fg)O i n brown-yellow powder. 

- iwJilibolo : Hornblende Siv2 (:.1, Fe, Cs., !lig)O in deop brown-yellow powder. 

- Zirconium Oxide : Zircon Si02, ZrO in very light yellow-orange powder. 

- Titanium Uxide : Rutile TiO~ in deep brown-rod powder. 

l~one of thlilf:a substances, as reeards thGir polarimatric propartias, shous any 
connactio!1 with tho so of tha soil of dars. 

11 nsures taken on a number of samples of :!,,~C ashes of great 
variety, give:, sometimes, pole..rimotric curves idontical to those ,;vcn by the 
bright al'e;:as of the soil of Ham ; novorth.Jless, th~ir colours differ, in g.:mu­
rnl, from the:: . specific yollow colour of the l'1a.rtian aroaa. 

The Iron Oxides in diffor.:mt forms, according to their stat::: of hydr e.·· 
tation, can show such polarizations by oblique vievine and an inv~rsion at 
phase angle 282. Non-cydratc:d Hematite (oligist iron) FcO in cherry-coloured 
powdor, sifted in small grains, as well as its red-ochre variot~·, are fnr from 
r eproducing the polarim~tric properties of th~ Hartian soil. 

But cydrated samples of go t hitc Fe20JHiD in yellow or yollow-oct~c 
pou~rc,particularly thv yellow-brown Lioonite, Fc20,3H20 of 0.20 albedo, 

••••• 
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reproduce exactly the polarization of the bright areas of i·1ars" • 

Sine~ that epoch, a great many confirmations or discussions on the 
iduntification of the limonite hav been published, but th~y are mostly basud 
on photometric studios or t huorotical consi.dGro.tions. V. V. SHJJWNOV (16), 
through an extensive resecrch of the photometric properties of the bright 
areas of I~ars and those of samples of terrestrial substances, was able, in 
1961, to identify the presence of limonite in the form of an ochre powder, 
in the bright areas of the planet • 

•• BINDER and D. CRUIKSHJ.NK (17) (18) studied the reflectivity of 
~~s in the Infra-red and concluded thnt iron oxides of limonite type could 
probably be the constituent of the bright areas of the planet, in which case 
veatherina of the surfaces of grains causes a canting of limonite. 

D. HOVIS ( 19) , as well as C. Sl'U::JJl and his colleagues ( 20) measured 
in the laboratory Infra-red spectr: ~ of limonite and concluded its probable 
existence on Mars. 

J ... l.DlaMC1K and hi~ colleagues (21) prepared artificial samples 
of silicates coated with limonite to reproduce the weatherine effect. 

R.L. YOUNKIU (22), nevertheless, obtained Infra-red spect ... ·..: of I•iars, 
which Jo not seem to conform to the identification of limonite. 

J. W. S1.L1SBUrtY and his colleagues ( 23 )( 24 )( 25) as well as C. S:..Glili 
(26) examined, from the geological point of view, the possibility of tho 
existence of limonite on Mars. 

b) New investilm,.~~ : \fe submitted the in1 tie.l identificntion of 
limonite, obtained in 1951 polilli.metrically, to a more accurate annlysis, by 
stud.yi.nc simultaneously the polarimetric and pho"&ometric properties of sam­
ples and toone into account the more recent photometric and theoretical in­
vestic;ations. We received mineralogical samples of iron oxides and limonite 
from .'1.. C.i.ILLEU'Jt (Laboratory of Geol oE,Y, Sorbonne - Paris), V. V. SHJ.RONOV 
( University (l)serva tory of .Leningrad ) , C. SAGJ.N (Harvard College <l> servn tory) • 
~le received ~so samples of limonite IU'tificially deposi tE:d on gr.· tns of 
silica and kaolin, from J. JJ)iU·lCIK (Texas Technological Collece). 1 .. large 
number of measures wer~ taken in the labora tory by E. BOW't.LL in 1965 and 1966. 

The polarization measures refer to the physical structure of thu 
surface; the photometric mensures as ~ function of tho wavelength rofer to 
the material of which the grains are made. The characteriotic yellow aspoct 
of the planet, corresponds to a very rapid change in the reflectivity of 
the soil of Mars in the visible part of the spoctn;~ ; this is fortunately 
a criterion of particular character, because the association of' the polm­
zatiou and the photomet:o.7 o.llovs the selection of specific samples which 
can define the Martian soil in an accurate manner. 

c) Texture of the Martian soil : 

The texture of the soil, 1 ts physical structure, is ei vol". by ..._t.e; 
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polarization. In 1950, we s13lected a sample of limoni t0-goethi te which, pul ve­
rized in small grains, reproduced in a very satisfactory manner the poluriz~­
tion of the light of Mars in the visible part of the s-pectrum (j) . The poH~vr 
consisted of a complex mixture, smaller gr~d.ns enwrapping larger ones as 
suporficinl coating. Tho polarization curve of this ~ !"~plc Do is e;iv0n i n 
Fig. I4. 

In order to determine tho size and toxturo of the gr ins, we sifted 
this somple to obtain two ll3W powders, the first ~ consisting of l !"Ll '_, · .rrai .. G 

with sizes betwoen 90 and 200 microns, ~.nd the second D2 of f in0 e;rnin~ sLK .llOl' 

than 40 microns. In Fig. I4 are Nproduced the correspondinG polarir.: :J.tioll 
curves. 'l'h& negative parts of curves D1 and D2 o.ro not identical v1ith those 
of tha planet Mars; tho slopes of those curves beyond th0 ruv:l·::: of vbion of 
)OQ arc too great. The curve D2 is closer to that of Mars than D1 ; this spanks 
in favour of the fine erains. But th~ best r eproduction of th8 polariza tion or 
Mars is gi von by the sample Do consistin15 of :1 blend of grains of ~' size 
smaller than 20C micron, in which th0 s:nallor rrrap the l~!'GGr. 

If the deposit is compressed, or sliffhtly squeezel , the m~n~ur.1 pol~­
rization becom"'s -6 thousandths instead of -IO thousandths, l'lhich i s tha t 
measured on !iars. But the deposi t3 of Do vrhich \oTer o stronely uer , t cd in a com­
plex non-squeezed structure, rl:produco th:; polarization of th-3 light of ·iar.:: 
in all its details. 

On tho oth<>r hru1d. infonna.tion about the structure of th0 soil of 
Mars on a seal • larger than f ew millimet~rs , is supplied by tho photometric 
study of tho roflcctinr; powGr o.s a fun<.:tion of the direction .... oi' illumination 
and obsorva.tion. ~'hasc r.;sul ts have be~:;n publishc:l rec::mtly in nnothor JX1JJ<3r 
(27). Contrary to the case of th.:J surface of the 11oon, the soil of Nar s i s 
revealed as hnvine only slight roughness. This might probably be e;cpl ainc by 
dust boine transported by the win<l end dcposi t ed .- s a unifonn layer on t ho 
surface of tho planet. 

d) yomposition of thw constituent ~atdriol 

The s ampl e Do giv.::s :... polariza tion similar to that of Mars, but t1'10 

~ore difficulties still p~rsist 

- The spectral variation of thv ruflcctivi ty of tho said substcnc~ • 
in th.; visible part of th spvctrum does not r eproduce exactly th~ t ofp~·:.. t. 

- ~'h0 geological arguments raised by J. SlJ..ISBURY and hi3 colluneu0s, 
indica t.) tho. t pure Umoni tes-gocthi tcs have :;...~. : ·~ . ~ : cl :-.."lco of cxis ting on 
.Nnrs; such a substunce would prcfc:-ably be present in the form of a. supor­
ficicl coatine cnwrappine grains of 2 diffcrunt na ture ; this would probably 
b~ due to the action of atmospheric 8£~nts. 

VIe studied the polf'.rimotric and photometric propartil)s of grains, 
artificially coa ted by a lif:lonite dupooit. J •• '... •Uli..i'lCIK l::L:.lly ::; u p­
pliL d us l·ri th t'I-To samples, named .. nnll B, huvil.:':.a the following compositions 
"Goethite (r•2o3H2o) Wf'..S :leposite . on silica ground to pass " screen with 62 

••••• 
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micron openings, by hydrolysis of ferric nitrate . The material obt3inod 
contained 16 i.J eoathite and is described as "16 ~c goethite on silica". 
Hentine this r.Jaterial to 400gc dehydrated the goethite to hematite and eava 
the material de8cribed as "14 ~b h0mati t e on silica". 1• similar procedure 
a pplicd to kaolin gave.. "16 /o goo thi ta on kaolir.." and 14 ~.; hematite on kaolin" • 
Then a basic mixtur~ was prepared which contained : 9 parts (16 1b eoethi t.J 
on silica ), 3 parts (14 ~~ hematite on silica), 3 parts (I6 5'~ eocthite on 
kaolin) and 1 !'>.rt (I4 '" hemati to on kaolin). Then sample A was prepared by 
adding 0.65 ~~ mogneti t e (Fc3o4) to the basic mixture, and sample B by adding 
22 )-a of hornblende {ground to pass a 62 micron scrucn) to another portion of 
th~ basic mixtur~ ''. 

The polarization curves of the samples A and B reproduced in Pig. 
15 do not exactly fit tho curves obteined from thu planet; thoy soem to 
characterize transparent grnins. Tho curves showing the vn.riaticn of 
th~ reflecting power of tho s~ples are r cproJuced in Fie. together with 
the rmotometric curves obtaine:;d from Nars. 'l1flcsa curves nra not ·i rl::r,t-Lc:t l ; 
they ozhibit great slopes, and th<) corrasponding n~flectinc powor is t .x 
high in the r~d. Tho agreoment botween photometric properties of th~;; s.:unples 
and those or th~ surfac~ of Mars would probably be improved if the consti­
tuent material of the inner p.:u-t of tho grains of samples A and B \ier ._ more 
opaque and absorbent. 

Dr. E. BMLL studioct in our laboratory at the Meudon ObsorvC!tory, 
nm-1 mixtures with compositions ra.ngi.ng between thoso of the s runplos 1~, B r~1d 
D ~swell as a powder of pulv~rized hematite H (see Fig. 16 and 17). Two 
types of azsoci~tions nr~ considered : a) direct mixture of gr~o of Qif ­
f cr \;lnt constituents, b) juxtaposition of the differunt constituents !.il th•. 
form of ~ mosaic. In the first case , the measures were t~<cn direc t ly i n 
th~ l abora tory ; in the second case , t h0 r~sulting r :fl~ctine pow~r is cul­
culr:tt cd by formula : 

and P = J: PiKiSP. 
c KiQ.i 

Qi = Proportion (in %) of each constituent, i 
Ki = R<Jflt;ctint; power of each constituent, i 
Pi = Polnrizat1on of on.ch constituent, i 

Four rnixtures reproduce well th~ spectral r~flectivity of ~~s 

l-11 = 80 /o D2 , 20 ~ H (~xturo of cruins) 

M
2 

= f!7 ~;;, D
2 

, I3 % H (mosaic) 

M_ - 43 ~; D 42 'fc 1., 15 ~~ H (mosaic) } - 2 
1-1

4 
= 68 % n

0 
, :52 % i. (mosaic) 

Tho polarization curves ar~ r eproduced in Fig. 17. The sample H4 
reproduces the polarization of tho light of Iws to 1 or 2 thousandths 
approximately. Ths r elative rllotometric curve is identical to that resulting 
from m.::lasur.;;:s tE!kon on I1ars. Horeovcr, this mixturu reproduces the polariza­
tion of tho lieht of Hars i n the Infra-rod (Fie. 18) because the negativ~..: 

••••• 
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branch of tho polarizction curva of th~ plrnet in th~ Infra-red i s indcl~n­
d-.:nt frOi!l the va.vl;llongth (Fig. 4). 

Tho mixtur.; H4 corr~sponds to tho juxta.;:10si tion of grains of puro 
J.imoni t ;;-c"' ; thi t.:: and of erci.ns of silicn c.ntl knvlin coat.:;d by a sup:.;rfi­
cio.l de; ilOSit of limoni t~ • 

J.raturuly, the: composition of thll mixturo i s not n critical one. 
Various nixtur<Js of .3rnins con~istin.':{ of nbeorb.:lnt cnt\.:rif1..ls , th~ surfaC;.) of 
which is comrJl c; t .Jly co:lt.::d. l'lith limonite or go.lthitc, should ruproduc~ sntis­
f nctorily th-:; pole..rir.,~tric c.nd photomc:tric !Jroporti•~s of th . .: soi:• of ~tars. 

Th · surfaco of th~ ~oil of thu ochru coloured dos~rtic brieht ar~as 
cf .Ha.rs is similar to n mixtur~ oi' fin~ grains of o.ny size, vr~ppine -:Jach 
other and fon.dna a sufficiently aerntcd daposit of a low roughncos. Th~ 
grains consi:Jt of limoni to, or n 1ju.1 vvriz\)d absorbont ond opaque.; matorinl 
with th~ surf'ncc: of th~ grains coatod by a deposit of hydratod iron oxido of 
th"' "lir.lonit:J" typ.:;. 

• •••• 
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SURVEY CF ~ POl.ARL·~TRIC_~~.'lli. . .Qf • ..!.HELP~.l~Ei~L.Qf..l~-s_pJ~.J9.:4!3. 

The dark ~~as of the surfac-1 of dnrs show ::1 pvlnrizntion sliehtly 
differant from that of bright dosertic areas. 

The m~asurus tak.:::n on tho dark e..r<)a.S during thw l ast ninG appari-
tions of Mars sinco 1948, annbl~d us to tracu th0ir r~lariz~tiun curvus rupru­
duced in Fie. 19 to 27. We classified these nr~as into ) croups : south~rn, 
oquctorial and north~r~Th~ proportion of polnrizod licrht P, was plotted, 
for oach apparition, neainst the angl.:; of vision; th.J ficur..:ls, L1or.;ov()r, shOli 
the heliocentric lcmgitude of th~ plrtnJ t, which charnct..;riz ... s th..: .t ':lrtiEul. soa3ll. 

In 1948, Fig. 19, ··i;}l.;it north;::rn hcmi.sph ... r c.: of th.:: p,,t:>.nct l·ms in sprin~ 
and the southern in fall. 'J.'he dark nroas of ~ach h~ni.sphcrc giv..:: polnr.im..:tric 
curves diff..lrcnt from those of the oth:Jr. 

In 1950, Fig. 20, by startinc summer of th~ northern homisphvr"', di3-
cr~pancios botwcon th .. poleriza tivn of tho southern and north..:lrn c~ark .:u-.::ns 
still persist. 

i-Iensur~s tak ... n in 1952, Pie. 21, corr;.;spond to the c:nd of t he SlL'ID~·r 

and tho start of th.:: fall; the polP.rizntion curves of tho dark ~::as of tho tloJ'O 
hemisptwros becom-3 alt.~~~ o.like. 

In 1954, Fig. 22, tho f!.\11 is vV.Jr; th.::: polorir.1~ tric curv.')s of ~1.. th:) 
dark arona nru idvntical. 

In 1956, the monsurlllllonts bc.:foru oppoai tion w.Jr..; disturb ... d by yullc\'r 
v.:ils in th~ ~io.rtian a tnosph..;re . 1.£t ... r opposition, th..: north.-:rn h,.mispll.-.r~ of 
the planet was l n win tor : tho dotailod study of th .. ind~.vidud dtu'k spot:-; socm 
between th., V.Jils shows discr..;pancius \'li t h strone;dr n.;~0ativ·~ polariza tion en 
th;;: south.::.rn spots. 

In 1978, l!.,ie. 24 , the:: r1artion .!:ttrlosph..::r0 was practically fro.:: fror.1 
v~us bufor · opposi ti.on. Tha sou thorn h~mi.sph.::ru was in r,1i.dctb s'llr.lncr ; th<J 
polarization of the s pots of th..: two h,;rnisphJrus s h O\tS but :1. slicht diffJrenc..) . 

In 1961, Fie. 25, thv s.;cond part of thv ~~:rynrition corroo!>onds to 
tho stnrt of th·::: north·~rn spr~ with th.J dark spots shuwinc ~ain a ~rc:Jkur 
polgrizetion th~ thos~ in tho south. 

!n 196.5 , Fig. 26, th·.- plan;;;t u :ts in alt1ost si.!.lila.:- s13ason:-.l contli tions 
as in I96I ; the slight differ·:nc.:: in th.;; polarization of th'-l dnrk spots in th~ 
t~to h.::m.isph.::r3s persists • .Aft ... r opposi. tion , th.;; northoi'n h .Jr ds ~)h:m .• oi thu !Jl-1.­
not is in aiddl~ spring, but v~..ils in th.J d:1l"tian atnosph.Jr~ <.iisturb thu n.;a­
sur131!1cnts. 

Finally, in 1965, Fig. 27, the first part of tho curv.:: corresponds to 
th .. middlo of spring of tho north ... rn hcmi.sph~rc, in which th.; dark spots show 
a strongar negativ.; polarization th:m tho:Jo of tho south:::rn h..:;.Jisphe:;ro . this 
wt~..s ob~rvud in I948 durin~ the .:,;quivnlcnt s ..-ason. 

Our obsorvations rof.~r to a p.:riod of 18 yoo..rs nnd cover ::1 cumpl13t·J 
!brtian s~asonal cycle. 

It rcsul ts from the above., that the dark spot2 of th..: surf':lc..: of ~"i:::.r ::.: 

show e. s .::asonal variation of pol3rization mrulifestod durin~; th.:; ~·le.rti:'.l"l sprinc • 

. . . . . 
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During this season, tho polarization bucomcs stronc~r in th~ n~gativo sons~. 
In ordor to study this soasonnl variation, vo salact;Jd th.J m~RSUI\;s corres­
ponding to th\3 ~ nnglo of 252. 

Tabla NQ ) shows tor ~nch observational year 

- the holiocontric loneitud~ of tho planvt for th~ phase ru&glo of 
252. 

- Tho ditforonc~ PN - P8 between th~ polarization of th~ north~rn 
and tho southem darlC spots, for th~ phas'-J anglo of 25Q. 

- Th~ difforonco PN - Po b.:ttvoen tho polarization of tho northern 
dark spots and that of tho n.)ighbouring bright areas. 

- Tho ditteranco Ps - Po b~tveon th3 polariz~tion of tho southern 
dark spots and that of th~ noighbourine brieht ar~;~as. 

TJJ3L!!O III . ......... .--...----

-----· ------·------··-·--........ -----·----.. .. . lc· j 
I Yonr J:~J.ioo. ··; Pu - .. Pg: PN -P0 Ps- Po I I 

Lol'l{j"i.t. ·I iO~ I %· ~. 

1948 164 -6 ! -4 + 2 I 

1950 197 - 6 - 4 + 2 
1952 2)7 - 4 - 1 

+ ' l954 2~j - 1 0 + 1 
1954 291 0 + 1 + 1 
1956 8 + 2 - 0,5 - 2,5 
1958 36 0 0 0 
1961 ll5 - 2 - 1,5 + 0,5 
1963 II9 - 2,5 i - 2 + 0,5 
1965 I 157 I - 5 : - j I + 2 ; 

j • - .. .. _.... -..-------- --.. -· . -
The cyclo of th-..l soasonal variation of th.:: polarizntiun of thu dark 

o.r\)as of l-iars is g1von by Fig. 28, rcsultiDB from th;.. data of 'l'~b j. i.hcis­
~ r~prcs~t thJ h~liocuntric longitudes and th~ limits of th~ soason3 for 
the two l:.wisph~ros ot tho pltllll;..t; Ordin:lt ... s rupr.;scnt PN - Po tmd Ps - P0• 
1be diftor\.lllc ... s ot polJ.rizntion are m~.ime at thJ c:nd of tha spring and occur 
principally during spring :md S\lllllor of \3ach hmsphor .... 

It is known (12) thnt the duk lll':3ns or thu surfo.c(; of Uc.rs show VC!­

riations ot thoir int~nsit.y which s~~m to propagnt~ , with tho season, from 
the polos towardn th~ Equator, durinc th..: spring and swr.1..:r of <lnch homi­
s}ilcrc ot th~ planet • .Lt is clear that the s~asonnl variation of th.l polari­
zation of the dark arcns is nssoci~t~d with tho s~csoncl variation ot thvir 
int.::nsity. 

• •••• 
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In vi.:.w of th..:: fact thnt th.:: poleriza.tion of the lieht characte­
rizes th.:: cont::;xturo of the. surfn~e in :1 microscopic scnl.::, it should be: 
admi ttod thn t tha dnrkeni.ng of th~ dark v.rcas in spring is nssocia t 0cl 'I'Ti th 
a change of their microscopic contGxturo. 

This vorifica.tion, bas~d now on polnrimator obsorvations uxt~nding 
. ovor an J8 year period, confirms tho prdil!linary rosul ts, point~d out in 
I955 (j): 

••••• 
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:>L'TUU·iiNAT!Oll OF Ti~ SCATT::'1Il'JG COr:FTICIE:IT OF Tl:J!: A'n!O~PU.:.l"tl.: OF ! :;;l • .-~2 I fl 0 . t:l ~ ii~JSJ. ------------------------·--------------·--------~---~-

The pola.rmetric Iileasures collecteci ciurir-b the o.p:pc.1•ition of : . .Lars 
in 1948 and 1950, cor~leteu to a certain extent by ~eaaures t~en in 1952, 
allowed a prelininwrJ dctcr~nation of the q~ntity of licnt scattereci bJ 
the &.t!:'lOspherc of the planet ( 28 ) • Such a detorcinntior. w.s be.sed on the 
n:easures m<ie 01~ the bri3l~t areas of i·lars. The lwniuance of the Hart i<:.l~ att·.os~ 
:ph-.!re for its 11hole de1"~th a.t the center ot' the elise, c.t zero phe.sc, hc.s been 
estirated to be -J,023 stilb at l a.stronot·ical ur.it fro~: the Sun, tor ,}• o,Gl 
:llcron. T!-.e co1·responc!ing O.ittusion factor r.mounts to 0. •:>017 stilb/pilot. Ii' 
the a.tt;osphero \.OI.G COL'!)lt:tely free fret: ~erosols, the c.tlllSophcric presr;·..u-c of t : lC 

srou."ld, neces~r..ry to give such a bri.;htncss slloul~ be of the or.-ler of eo to 
90 r.illiba.rs ilcnrever, this first deter;.~ir.e.tion 1¥"3.S ca£c.i op. .l~ polc.rir1ctric . 
s eoucnccs opjy ~,~hey ~eve beer. c~b1~CQ v1th so~e vcrJ prel~:ln~J photor.e1~~rlc u.~;::!sures , the o~ a.V0.1l~ble at toe t1J!le . r.o1•eover, 3.t tho.t e~)ocr. ~ we cou u 
r.ot know i ;1 'ctc.il the pollution ¥ropert ies of t Le :tart i :1.n a tr.:os:'~lcre • 

?.(::centl.y . L. ~T.P. CA:[i ( 29 ) reviaieC. t~~is value by usin13 t~..: 
s~ polarimetric ~~o.sures , cor~in~a with r~r~ ~ccurate photometric ~c~~urcs 
:;>u.blishi.:ci b;r A. JOLLFt.i"3 in 1)56 ( 30 ) • T:;,i:; revision ~a·-1e 0.013 stilb at 
w•it iiista.nce fro~ the: Sun :i this va.lue corresponds, tor c. very clee.r atnos· 4 

l>herc, to a. prcssUl'\o! on the :;rour..! of tl~e J?l~mct , of' a:;;>.;,ro~dz.:a.t.;ly 50 nillib::.rs 
only. 

Th.;: grc~/~ nUI!:l.>~r of polar:ir.lctric :l.;;:J.sur~s , ~rcviounlj" s-..wrArizc<i, 
~lows nov ~ v~ry res~onsive improvcne~t of thea~ pr~liuinary det~rcin~tion~. 
~r~ the J ,200 measure& of pol:.riza.tior. t<lklln ciurint: t'1~ l~t !S yea.rs 
in yellow li~~t or. the brisht ~e~a o~ th~ ~l:J.n~t ~ Vll selcctll~ these cor· · 
rcspoudin~ to pcrioC.s i;.: ""hich the l~rtiP.n «:.tr.:;;;~l'herc hc.s bcc;.'l cc,nsidered t c 
be p!4rticular~ fr~::e forr: :1.c:rosc.ls (Sc .;: ?iz. 3 to 13) ~ r~oreuver, the o.no.ly& ." .:: 
· .~ t• ·· . ,.l.· . •· -; ~ I • ,. -~ll · .... , .. ·-.·· · _ .... L~ - .. - ,... ~ .; ·-.r ·- -~ .,.. . • , ri ... ··· , · ·1 t 
, .. .. • ....,. • -- - . ..- · · -~ · .. . .. ~ · - ·- -· .. ..... \· .... .. _ v ........ ..... ~ ... ~. ... _ · •• - ..... ~ .... ::' · - · · --<..~ -a&.". 1 

.lt t !.e disc • s lir..iJ, .::.ll ... vcd ~ ~"'c~nd scle:cti.Jn C~: ~bl:l~l·vu.ti.;..r. P.. r> z:,-nb thoile <Jf 
the i'irst sclecti~n (see for Ch&lt?le Fi;::.l.) for th~ elildnation of l'-'Cc.l haze cr 
tcmp;)r~:r atr.osph\lric ? -;;lluti..;ns. Finally, :·bservations securc<l in 4~ nights :only 
ha.vc ~(.:1: rotc.incci ; th::so observatbns cha.ro.ctorize the r..criod in uhich th~ 
r.!LU'ti~ tltzr:.~sphere lr.lS ol' (. Z'~tieulell' li.t-~i<iity. These ·..:.·bscrva.tiono.l se~uer.ccs 
give t~c proportbn of pc.larized. lic.'1t P ( ~) ~Jf tl!e u11ifortl briGht :!.reo.a ·:>t 
the;; s ... 11 ot l'b.rs, tor ditterent ciist:mccs tror. th.;: center ot the disc in a 
dir~ctiun perpendicular t c the li11c j-::>inine; tlle cusps. 

If P (0°) rc~rescnts thu ~~l~ization ?bscrvc' at the ccnte~ 
c t the disc for 0 • 0 ~ w estc.blish the differences ?( Q )-P( 0°) between the: r.1ea- . 
surea ~:±en at th~ disc •a lh:.b ond tne center. ~Te obtt.in such ciat:.. fer di:.l';r(' ,i 
valu~s of the ~h~e angle v. 



We consider B (v, 0) to be the luminance of the räitian atmosphere 
observed through its whole depth at the distance 9 froir. the disc's center, 
for the phase angle V, D (V, Q)is the luninance of the brip.ht areas of the 
soil of Mars for A =0.61 r.icron  the values of 1^ arc £;,ivcn by the photo- 
metric measures collected by A D0LLFÜS jn 1950 and 19-'2 vliich arc 
summarized in the left figure of plata. . or o ■ - ?0(0) be the dif- 
ference of polarization given by the soil at the center of the disc for the 
inclination 9  this quantity P is small and was determined through mea- 
surements carricrl out in laboratory on samples having the same properties 
than the soil of Mars  the values of P (9) are riven as a function of 0 
by the upper curve of Fig 29 

Let B (V) and P (V) be the luminance and the polarization given by the 
atmosphere of Mars at ehe center of the c'isCc 

Wc have  B (V 9)  = Ü (Vv0) a e 
cos 9 

VJe admit now that due to their selection, the measures refer to 
areas where the atmosphere is composed of molecules »or particles sr.al .r 
than the wave  length^ diffusing  the  light as  the molecules 

3     (V.  9)        B     (0,  0)x  1  +  cos    V 
a =      r cos 0 

and    P  (V)  ^ sijl V 
a 1 -' coT^V 

The polarization of  the  soil  and  that of  the  atmosphere arc cd > ir» 
(3)  and give 

Ba    (0,0)     x     sin    V 

p(v, 9) = p (v) + pr (9) + 3"v"(\T9r   T'c'^nr" 
l) s 5 ' 

The difference between  tlu  m asures  taken at  tu<-     imb and  tho  Center 
of  the disc    give   * 

P(9) - P(0)  P 0 ^ 
s 

r> (o o) in' \r 

Tö/J) 

or 

(0;0)  1   3 (0 0) 

(V.0) c ,; ".B (V 0) 

3 (0 0) 
a_ 

B"(9 vy 
s 

and P (0) are given ay Fig. 29 ^-ne Fig, 

P(0) -• P(0) are given by the observations = 

On fig.29 the measures^ on the whole define a straight line the 
slope of which detcrnines at the trut oppositior 

~ = 10.0 x 10 

for    the bright areas at the center of  the disc and  for X  -  0,61 nicro^ 

The  piiotor.etric measures   ( ^0   )   give 3    = 0  35  stilb  at o 52 A.i 
from the sun,-  The illumination given by  the Gun at unit distance  is  Il:._ 
Consequently;   the global  scattering newer of a vertical  cclunn of air'  ~" 
center of  the disc of  the planet,   at  null phase     in otrnge  light 0  •'.[  ric 
under  the best observing condi*-ions-of atmospheric  transparency cu ' arr: 
arounts  to   ;  Ka(0 Glmicron)«  10.10    x 0 35 x  (I  52)2 I      ^  o.o'. lO'-'sti1 ■/,.- 

13,5 
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Supposo th-J atmosphcro o£  tho planjt really puro cont.-üninc only 
molecules, for oxamplci of nitrogon, tho scatturinj powor of which 'unuimta - 
undoT tho normal conditions of pressure and tomporaturo and l.'iycr depth - t. 
h cm : ¥^2 = 2 Rh.(R = Rayleigh's constant = 40 x Xü"9). Th.; depth of th . 
Martian atnosphere, und.;r normal conditions, should, therefore be : 7.iOr c:r. 
and th^ atmospheric pressure en the ground approx. 50 millibars. 
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DETERMIN: .. TION OF THE OOJm'WNG <P 'IHE ATl·IOOPBERE OF lUaRS AT 0.4 7 l<UCROO 

Tho polarimetric measur~s allow still the determination of tho lumi­
nnnco of the Martinn atmosphere in blue light. Fig. 6 and 7 give the polnriza­
tion of the light at tho cent~r of th~ disc by moximum phasa Bn6le V = j919 
in 1965. The curves express tha slow V8l'iation of the polarization as a fWlo­
tion of the phase angle V. During cartain periods (and of JWle and start of 
July 1965), the discrepancies betw<m the;: measures indicated tho presence of 
thin v\lils of ice crystals in the Martian atmosphere. N\Dbor of measures do 
not se<D to bo affected by vella. Those selectod for the phase sneles between 
:S9R6 and the ma."timum value of :;929 aro reportad on Fig. :50 as a fWlction of 
thiOl inverse of the wavo length; tlaly gi vo tho curve of tho spectral varia­
tion of tho polarization for tho averag~ phas~ angle V = :S9R8 when the Martian 
atmosphoro is clear. 'Dlis curve C...'Ul be compared vi th tho measures taken in 
laboratory, for tho samo phasu ~1.:::, on ssples of pulverized limonite and 
goethite, which r~·produce the polsrization of tho li3ht given by tho mnrtisn 
soil (Fig. 14 to 16). In t1h3 Infra-red, tho polarizatiODS rocordod on !far& 

and thv se.:nples :u-o very close; the light soatterod by tbl interposod Martian 
atmosphoN is practically nogliglblo. Towards the blue, tho curvos divergo; 
tho discrepancy is to bu attributod to ~ atmosphero above the soil of Mars; 
tho brightness of the atmosphere increases rapidly vi th decreasing wavelength; 
too diff~::ronce amounts to ~p : 2:S thousandths for ~ • 0.47 micron. 

Let us suppose that the Mortian atmosphere, free fram discorniblo 
imp.u-ities, polnrizos the light as tho molecules of a pure gas : 

B ( rl, V) and B ( ~. V) are the }1pi MDces of tho atmosphere and tho soil at 
the center of the disc. Calculations analogous to those;, developed above givo 

sin2 V 

2 
Ba(,).0.47 micron, V • 01) 244P 
B8 (J :;o.47 idcron, V .3§18) 6.410 = O.IIO 

The luminance B8 of the soil for the wavelength 0.47 micron for 
the pha.ao angle 39528, can be determined fran the photanetric measu.ros collec­
ted by J~. DOLLFUS in 1950 and 1952 (:50 ) • At zero phase, at the con tor of 
the disc, B8 ( ;1. 0.47 micron, V = 052) = 0.000 timos the 1\lllinance of a per­
fect scatterer; for the phase anglo V -= 2912, vo found 0.065; and extre.pola­
tion for V = :sgt6 givoa 0.06 approx. for tho sub-solar point and approx. 
0.05 for the center of tho disc, corresponding to a l•niMDce of 0.08 stilb 
at 1.52 •.u. from tho SUn. 

'lberefore, the l•n:tnanco Ba(O,o) ot the atmoapbare of the planot at 
zero pbaao, at the center of the disc, for~- 0.47 micron, amounts to 
O.II x 0.08 = 8.8 x 1o-' atilb at 1.52 A.U. 8Dd gl.ves a scattorina. coetfic:l.ant 

of abwt : Jre(0.47 micron) • 15.1o-4 atilb/pbot. 

. ..... 
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RESIDUAL POLLUTION OF 'l.'HB aTI10SP!hlRE___Qf. Mt..R3 

We hnve found for tho red : 

Ka(0.6I ndcron) = 6,0.I0-4 stilb/phot. 

If the e.tmospher\3 of r.Inrs, frae froo discernible aerosols, scatters 
as th~ molecules of a pure gas, Ka should vary inverselY as tho fourth power 
of the wavel~ngth and &ive 

Ka (0.47 micron) = Ka.(0.6I micron) 0.61 4 = I7,5.I0-4 stilb/phot. 

Th0rc is but a slight discrepancy between this value e.nd that ob­
tained here above, viz, I5. I o-4. Consequon tlY, in tho regions whore tho Mar­
tian atDoophero seems to be pure, there cannot remain appreciable quantities 
of aerosols scattering the light in a very different way than molecules, like 
particles having n clinmot~r larger than the wavoleneth of the litrht. 

Nevertheless, pnrticles having a di.runetcr much small~r thm1 th~iJ 

wavel0neth increase the scattering power of tho air but polarize about as 
much as the molecules; they could oscnp;;; our analysis. If this is th..J cas ... , 
the atmospheric pr~ssure of jO millibars, corrospondins to the luminc.UlC;) 
observ..,d at,}= 0.6I micron, should be consid~red too high. 

1~~ now ~oterminations of the atmospheric pressure by spectroscopy 
(31)(32)(33) or by the spncocraft loiariner IV (34) give lower values, between 
9 and 20 millibars. If such is th~.? case, the l{artian a.tmosphero should con­
tain pennancn tly a smoll quantity of &3rosols of dinmeters smaller thnn tho 
wavel~ngth, scattering light ns molecules, nnd incrcasine tho scattering power 
of the o.ir to a ratio between 0.5 to 5 times its proper lwuinance. 

• •••• 
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