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FINAL REPORT Ol CONTRACT AF-61(052)=508

"POLARIMBTRIC STUDY Or THG PLANST MARS

SUMMARY

In this papcer we analysc five thousand two hundrod measurcs of the
polarized light of kars, collcctod during th: ladt niwme appariticns of
this planct, since 1948,

Tho polerization curves for tho bright and the dork arcas of the
planct arc reproduced for cach onc of the apperitions, for the wave-
lcngth of C.61 micron.

The variation of the polarizaticn for the spectral range 1.05 to
O.¢5 micren is ianined.

The polarimetric and photomctric study of sclocted scmplos of alacrals
cnablod us ' to conclute the proscnce, in the bright arose of the plonct,
of a finc powdur of hydrated iron oxid. of th. limonite typc, the finor
grains of this matericl wrap tac lars.r ones; Limonite coul't be o super-
ficial coating on grains of absorbing matoricl, resulting from atospheric
wcathering.,

The scasonal variation of the polarizing propertics of the dirk
arcas of Mars follows closcly tho variation of thoir dorlmocc -t lar-
tian spring; this su~-csts & scasonal modification of thoir nicrosco-
pic contexturc.

The luminance of the atmosphore of the plenct, {roc [ron veils or
discernible acrosols of sizes laror than o froction of wave=loncoth,
amounts, for A = U.6I micron, to K, (U.6I micron) = 6,0xL0~% stilb/phot;
this corrusponds to a surfac. prussurc of 50 millibars.

Particles much srialler then tho wave-loagth cseopo dotoction by
tke polarimctric teciniques. Such porticles, if any, incrcasc the
scattering power of the atmospherc. Thz above given ctmospheric pressurc
should b considcred in such a case a3 an upper linit,

The scattering cocfficicnt of the atmosphore at 0.47 nidcron is
K,(0.47 micron) = I5.I07" stilb/phot. This v-luc shows that the atio-
sphere of the planct is wuch.too transparcnt in the blue to masic the
norkings of the soil, Nevertheoloess, duc to the very low contrast
butwocn brisht ~nd derk arcas in thz bluc, cven very tenuous veils cnn
neke the surface merkings disappear.
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INTRCDUCTION :

In the present paper arc grouped tn: measur:s of the polarized lizht
of Mars collected since I948. Since I96I, such measurss have been particulsrly
develop o ond cxtended to the Infra-red spectral region, thanks to a rescarch
contract with the U.S. Air Forcc (1).

In this paper are rceproducced the polarization curves obtained durin;;
erch one of the nine successive ap .aritions of the »lonet wtars in the course
of the last IB years.

Conclusicns on the nature of the soil and the atmospi.cre of iars hnve
already been deduced from these measures (5)(4)(5). Now results recently obtai-~
ned and not published, arc given in the prescit memo.



POLARIIETLRS

Tvo types of polarimet.rs hava been used for the study of th. pluct
Mars since I948. The visual, fringe polarimeter ic i mod.l conceived by LYUL
and the Infra-rcd photoclectric polarimet.r workod out in the scleme of the
prasent Research Contract with the U.S.A.0. (1).

1) Visual fringe pelerimeter of LYUT + A description of this iustru-
ment has been given by oLYOT i.. I92§_C§). Informn~tion on the same is equally
given in a publication by A. DOLLFUS, in 1999 (3). The visual fringe polari-
meter of LYOT has becn reproduccd many times by the ifrench Society bts. Jobin
& Yvon on behalf of a number of obscrvatories. The instrument coaprises a
Savart polariscope placced betwean the cyepizce andt the oyo of the observer.
This polarimeter gives a set of very closc intorforence fringes whon the
incident light is polarized:; the obscerver scees the planct striatcd by the
fringes of the polariscope. A vory thin cslluloid pleote is intcerposed in the
beam; this plate can be tilted by the obscerver at will ond introduces a pola-
rization of the light cllouwing compensation of the polarized light of the
planet, thc compensation is accomplill::d when fringes disappezr on th. planc-
tary rcgion having the some polarization s the compensating plate. ilorcover,
on auxiliary plate, the principle of which is given in iYCT's articl. )(4),
increascs the sensitivity of tho instrumcent and 21lows the obscrver to ror-
ccive visually, on sarll creas of the surface of the planct, nroportione of
polarized light of the oricr of 1 thousandth., A specimon of cbsorvitiua
throush this pelarimoter is given later (sce Fig. 1).

2) Photocleetric polarimeter :

The principle of this peolarimcter was described in a note publichod
in the "Comptes Rendus ae 1'Académic des Scicnces" in 1993 by A. DCLLUS (6).
fi now modulator of polarized light was described ir 1496, (7).

The polarinzter works according to the followiry; procoeaurc

The light coming from tho planct and collected by thoe telescope is
focuscd by 2 Fabry lens giving a small image of the airror of the tulescupe.
In front of this 1lonn, 2 cu.pensator of polarization is introduccd acting by
reflection nnd transmission of 1ligsht through a tilted plate according to
Fresncl laws. The fuoeal planc of tine imaze of the mirror given by the lone
coincides with the rotating wheel of th: modulator of polarizaticn, The pur-
pose oi th. medulator is to invrouce periodically fast rotations of 902 in
the dircction of polarizaticn of tne light.

The modulator (7) is followed by a birefringent prism, splitting
the light intc two beams and ~ctling like two analyscers working simultancously
at 902. The non-polarizod part of the incideat beeam is not altered by the
modulator but only split inte ginilar boans of constant intensity by the
birefringont.
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The polarized part of the ineident light is altornatoly transmittead
in cach beam, The result is a {lickcerin, due to relative intensity of the
two buams, proportional to the intensity of the polarized port of the incidert
light. Thc photoclectric cclls are photeaultiplicrs hu.ing cassium vhotoea-
thodce on oxidized silver for the Infra-red ncasurcs, or antimony-cacsium for
measurcs in the visible or ultre~violct spectrum. For the far Infra-red we usc
lead=-sulfide prnotocells.

The ~.c. resulting current foods o specielly desined amplificr, the
mcdulating froquency lying ncar 55 cycles/sce. The awaplified current fceds a
cectificr, synchroncously attachcue to the ontical modulation by th. modulating
whoel,

The grin of the Aampiificr is such as to give the level of fluctua-
ticns duce to the photuecll dircctly recorded by o microomr..tor. Op .ratingthe
pelarization coapensator in irout of the instrument, the obscrver is able to
match cxactly the wiknown polarizetion, until the deflection of the mieroqn-
meter is cinetly cancclled, so long as fluctuations are obscrved. The scnsi-
tivity cin be incrcasced in propertion to the squarc root of the integration
time by the use of an clectrie~flux integrator,

For the study of the planct liars, we used a photoclectric polari-
neter of the above type cquipped with Infra=-rcd colls for obscrvation betwoon
0,7 and I,1 micron wavcelongth., A description of this instrument is given in
the "Annunl Swriary Report »2 2" of the Contract AF=6T(052)=508.

rhotocells are nctomultiplicrs with 7 stages of dymodes increasing
the photo currcent I000 times. The phetocathodes arc cacsium-coated silver
with oxidation to increcase the quontwa efficiency in the Infra-rod. The two
photucclls have to obe cooled with dry ice.

This polarimcteor is uscd with three sclective filters isolating
three spectrnl acmaing centered on the wavolengths, 0,835, 0.95 and I.0) ni-
crons., Thé transmission curves of thusc filters are reproduced in the "Annual
Summary Report L2 3" of Co.tr.ct AF=61((52)-508 and publication (8). At room
tomperature the instrument is able to dotect at I.0) micres a flux of pola-
rized light of 2 to 3.IC-Y Watts, with 1 scc. iategraticn time.

then the photocells are coclud with dry ice, the threshold of scnsi-
tivity ic reduced to ebout I0~I0 Watts. With the help of the intogroting flux—
meter, successive integrations of scvernl tonths of 2 sccond ennble us to
dotect smounts of polarizod light of the order of Io-ll Watts,

Through a 401i.-telocecopc, the planct Venus gives a fluc of the order
of I0=T Viatts, in which the polarimeter is able to detoct an amount of poleo-
rized light of I/Iu00., On ilars, the flux is ot the oracre of IU times smnller,
~nd requircs integration to roach the soame accuricy. On Jupitor; the flwe of
2 to .10=8 requires successive sequences of integrations to give setisfoc-
tory results. The casc of the .ioon is sinmple, sv that sanll areas of the
surfnce e be selected, corresponding to soil watcerianls of diffcrent ~lbedos.



TSLESCOPES :

a) The visual fringe polarimcters have bocn used since 1948, priici-

21lly with refractors, in vicew of the fact that refractors give charper imazos
than reflectors for thc measurcment of small areas localized on the surfacc
of thc planet iiars. The visual polarimeters were used in France with the fol-
lowing instruments :

1) The 60 em. refractor of the Pic-du-iiidi Obscrvatory, in thc Pyrc-
nees (alt. 2870 m.). This refractor was mounted at this Observatory by B. LYOT
in I943, specially for the study of the surfaccs of plancts with a high roscle
ving power. A description of this instrument has becn given by LYUT in I95)
(9). The particular application of this rofractor in polarimctric measurcments
was described in 1955 by A. DOLLFUs (3).

2) The 83 em. refractor of the idoudon Observatory. This instrument,
which is the largest refractor oo far built in Europe; was rocontly moderni-
zcd by P. MULLER and has operated since I965 in the ficld of polarimetry. a
description of this instrument has becn given by P. WULLER in 1965 (I0).

3) The 30 em. refractor of the Meudon Ubscrvatory. In order to dis=-
charge the instruments of grecat aperturc, when no high resclutien is required,
a small 30 em. aperturc refractor was mounted in I964 at the Mcudon Obsorvos
tory. Thc object glass ratio is f/IO. The instruncnt with its cquatorial mount-
ing is houscd in a mobilc cabin in the Obsorvatory's park. Through this ins-
trument, a great number of polarimcetric moasures of the whole planct liars or
the large bright and dark arcas of its surfac. werc sccurcd.

Furthermore, thc visual {ringe polarimetoer was uscd from time to
timc with the 43 inch reflector of the Pic-du-ilidi Obscrvatory, principally
for taking mcasures in blue light.

b) The photoclcetric polarimcters ncasurc the light coming from tho
whole planct in the Infroered domains. It requires o large quantity of
light. Conscquently, such polarimeters arc used with rollectors of great aper-
turc. Our Infra=-red polarimctir was used with the following two iastrumcuts

1) The 40 inch reflector of the loudon Cbs.rvatory. This old ins-
trument was put into operation these last ycars, thanks to the U.S.a.F.
Rescarch Contract iF=61(052)- 508 (1). The aneicnt howtoninn arrange-
rnent has been tronsformed inte a Casscgrainecoudé combination. 4 complote dese
cription of the rclative optical and mechanical modification is given in the
"Annuel Sumnary Report N2 2" of the said Centract. In the semc Report are
2lso given the tests of the qualitics of the optical surfaccs zs well oo tho “icom
surcrnicnt of the poracitic polorzaticn. troduesdby the coudé mirror. The way of
carrying out mcasurcments for the corrcetion of the instruncntal polarization
is described in the "Annusl Summary Report 12 3" and o publication of 1965 (8).

2) The 43 inch rcflector of the Pic=du=ilidi Obscrvatory : This new



instrumcnt, put into operation thesc last years at the Pic-du-ilidi Stotion,
wWhs uscd whenoever it was nocessary to toke measurcs on plancils of lower olboedo,
such as Jupiter or mars when at o great distance from the Barth. A descrip-
tici of this instrument was published by J. Rosch (11).
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STUDY OF THE POLARIZATION OF THE LIGHT OF MARS :

The purposc of the measurcmonts of tho polarization is the devormi-

nation of the quantity
I - I
P=_Cl 2
1+ 12

which is called "proportion of polorized light"uIyand I are the intensitics
of the two components of the transversc orthogonal vibrations. This quantity
"P" varicus from onc point of the disc of the planct to another, as a function
of the phase angle "V" at which the planct is obscived. Plotting on ~ graph
thc proportion of polarized light P as a function of the phase ~nglc, we
obtain the curve of polarization for a given arca of the disc of Mars.

The photoclectric measurcs collected thesce last ycars referrced to
the light or the wholc disc and gave the global curve of polarization of the
planct.

The measures taken through the visual polarimctor roforred to smndl
arcas localized on the disc. A. DUOLLFUS has undertaken neasurcs of diifferens
arces of Mars since 1948 (3)(4)(5). J.H. Focas joincd this great progrem iro:
1954 (12)(I3). Thc obsorvations wor: also =ble tc be devele » - 1 tharnks te
co-operation between obscervatories spread over diffeorent longitudes through-
out the world which joined the said program. The obscrvatorics of Pic-du-ilid}
Mcoudon, Athens, Harvard and Kiev contributed to this obscrvational cmuinnign,
coordinated by the Intcrnaticnal Astronomical Union through its Commdssicn 16
"Physical Study of Plancts and Satiliites". Sincc 1961, the U.S.AJ.Rocearci
Contract .F-6I (052) - 508 has allowed o lorger development of thoso
obscrvations. We now have at our dispocal more than 5200 menasurcs token
during thce 9 last apparitions of the planct Mars since I948. Tablo w2 I givee
the measurcs taken in crange light during tach one of the apparitions and
contains : the Obscrvatory, the (bscrver, the number of obscrving nights; the
number of mcasurcs and their total numbur for cach opposition. All measurcs
reported in this Table were token with the visual fringe polarimeter or LYOT
and rcfer to small arcas of the lartian surface with the cizeeption of thosc
taken 2t Kicv Obsorvatory by .lurozenko through a photoclectric pl.otoacter,

Fig. I gives an oxanple of an cbscrving scssion through the visunl
polarimetcr @ the valucs of the proportica of polerized light T arc cipresscd
in thousandths; they rofoer to arcns of the surfacc of the planct of » size of
1.5 sec. of arc. The mzasurcs arc accompanicd by appreeiation on the transpa-
rcncy of the Martian atmosphere; o drawing taken in bluc light is addod for
information, iforcover, the longitude of the contral meridicn @4, the latitude
of the center of the disc’, the apparunt diameter of the dise d, the phnaso
cnglc Voand the heliocentric longitude 7 of the planct, arc given,

The obscrvation reproduccd in Fig. I was token un Fobrunry 26, IS6)
for thc phase angle V = IY.5; the proportion of poclarized light on the Tl nt
arcns at the center of disc was =4.2 thousandths; this voluc persiste on the
risin: limb on the right, which was considercd to be free from any zppreecicble
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atmospheric veil. The dark areas show a stronger ncgative polarization. The
polar cap shows a zero polarization. At the setting limb, on thc loft, strong
anomalics of the polarization characterize veils made manifest by their white
appearance along the limb of the planct; such veils disturb the polarization
to a greater cxtent than that scen by the visual cbscerver.

One of the two white spots, at the limb, shows a zero polarication
of the clouds but charactcrizes =~ hoar frost deposit anclogous to that of the
polar caps. Similar obscrvations token previcusly have clroady shown that this
arca called "Nix Olympica" should be a high mountain mass wropped in a cloudy
veil with sume peaks covercd by honar frost which scom to emerge from tho
cloud laycr.

Obscrvations of this kind, ccllceted in 1948, 1950 and I992 have
alrcady been published, as well as the analysis of the relative results, by
Ao DOLLFUS in I955 (3). Sume obscrvutions takon during th. opparitious of
I96I, 1963 -nd 1965 hav. unot boen publishud and arc.roported in the prescat
Memo.,

Since I963, thenks to the support of a Rescarch Cuntract with the
U.3. Air Force, obscrvations have beer cerricd out with the visurl fringe
pclorinetor in diffoerent spectral regions, covering thoe spectrumrironm the vi-
siblc red to the bluc and have beon cxtunded in the Infra-red to 1,09 micron
by mcans of the photoulcctric pol-rimetcer (I4).



TABLE I

MEASUR> OF THE POLARIZED LIGHT OF MARS IN ORANGE LIGHT ~ 0s6I MICRON

- [~ ¥ Sy -w

. AR @ A A G T . @ AR

[}

; Ycar Obscrvatory Observer . Obsecrving Number of ©  Total 5
] . = =l nights | measurcs ; |
' ' = R
1948 . PIC-DU-IIDI ! DOLLFUS 5 . 350 350
iy g S — !
i 1 T !
1950 PIC-DU-NIDI DOLLFUS 33 G300 300
. i A
1952 | PIC-DU-.IIDI DOLLFUS ;. 3L b330 0 330
J 1
1 amT==
1054 ' PIC-DU-ilDI £OCAS |4l | 440 )
; DOLLIUS | 5 55 ) 756
| ATHENS FOCAS ‘ 32 260 )
) -
------- T
1956 | PIC-DU-IDI DOLLFUS | 46 477
i FOCAS 3T 580 | 1308
| ATHENS POCAS 20 251 |
- -+ e e e
158 ) PIC-DU-MIDI FOCAS 2l 372 ) 62
| ATHENS | POCAS 26 256 ) | -
i
I9%60-61 | PIC-DU-MIDI FOCAS 34 | 343)
| HORIN 6 50 ) 435
| ATHENS FOCiS 7 62 )
% —
1963 PIC-DU-MIDI DOLLFUS 14 170 )
HAURICE 6 50 ) |
| HORIN 4 ' 19) 1 sp 5
| ATHENS FOCAS 214 ) |
KIEV MORUZERKO 53 61 )
HARVARD AoYOWE 3) i
RGN V- — - + - ~
1965 ? PIC-DU-iIDI DCLLFUS |29 | 330) . |
; FUCAS | 9 64 )
: ~ JEUDON . FOCAs 60 I85) ' 666
| | | DOLLAUS 10 61 )
; KIEV " LI0ROZEYKO 26 26 )

Bl AP 2 Gamn > S ..

S Sim. o amie & Bt



POLARIMGTRIC STUDY OF THS PLANET MARS IN 1963

In 1963, we requested that, in the scheme of the activitics of the
Commission I6 of thc Intcrnational Astronomical Union "Physical Study of the
Plancts and Satcllites", diffurcont obscrvatories situated ot dferent terros-
trial longitudes and cquipped with polarimeters, carry out polarimctric ob-
scrvations with a view to a concerted study of the planct iars. Thanks to
thc support of Intern. Astr. Union, the Obscrvatorics of Pie=du-.iidi, llcudon,
Athons, Kiov and Harvard carricd out such obscrvations which have beon analy-
scd at the Moudon Observatory, Fig. 2 gives a specimen of the measurcs taken
on the bright arcas of Mars at the center of the dise. The obscrvatorics nrc
characterized by differcnt symbols. The proportion of polarizod light is ox-
pressed in thousandths., The measurcs tskcen by the difforcnt stations agroc
to onc thousandth approx. and do not scem to dopend upon tho Obscrvatory,
Obscrver, or instrument. The curve, in heavy linc, gives the polarization of
thc soil of lars, its atmosphcre being free from apparcnt veils. The discree-
pancics characterize the status of purity of the Marti-n atmosphorc; in fact
thcre arc white veils of ice erystals and ycllow veils of fine dust, porsist-
ing somctimes in the planct's atmosphire nnd perturbing the polarization,
Their polarizing properties have becn studicd in previcus publications (3)
(4)(5)(12)(13). On Fig. 2, the measurcs token botween 2 end b cover the
period 1st to 30th Deeember I962; they ~ro in agrecment with the mean curve
of thc bright ar:zas traced with heavy line, costablished in the abscnee of
veils; it results that during the period coneerncd the ilartinn atmospherce
was vcry pure. From the 1lst to the ISth of January 1963, i.o., botween b
and ¢ on the figurc, light haze, oftun invisiblc, affected the transparency
of the ilartian atmosphere; from ¢ to d, the angle of vision was too small
to obtein significant results. Botween I5th February and 30th idarch 1963,
fron @ to g, cxeccdingly scaticr.d neasurcs and very low valucs indiecate the
prescnee of yellow veils complonenting some icc crystal clouds., Till the
middlc of Hay, from ¢ to £, the yollow veils disappearcd, but some localizcd
haze of ice crystals, manifested by anomalies at the disc's limb, induced a
further scattering of the measurecs.

The detailed study of observations similar to those of Fig. 1 allow
the localization and density of the atmocpheric veils or the dust clouds and
establish the manner of their evolution. Such a stuly does not enter into
the scheme of the present publication. The observations are grouped at the
Meudon Cbservatory where they are available for the study o. the ilartian
clouds as required.
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POLARIMETRIC STULY OF THE PLANET MARS IN 19¢5 :

During the apparition of 12€5, cc -erted observations were under-
taken at Pic-du-}idi and lMcudon Observatorics by A. DOLLFUS and J.l. FOCAS |,
the different telescopes of thc two Obscrvatories qere used simultaneously.
The measures have been obtained with the vicual polarimeter through 5
colour filters cutting down the spectral dowain by intervals ceatered
respectively on 0.47, 0.50 0.53, 0.60, 0.€3 micron. Thc photoelectric
polarimetcr was used in the domairs : 0.83. 0.95, and 1.05 micron. All
measures are reported in Table II. Figurc 3 shows thc measures obtained on
the bright arcas of Mars at the disc's ccnter for a wave length of 0.60 micron.

TASLL II

MEASURES OF TiE POLARIZED LIGIT Or NARS Il DIFFERENT WAVE LFUGTHS

Cbservatory

Photoclectrin
Polarircter

.......................................... o i i) ST )

‘=0 47:2=0, 50 A=O 53 A=0. 60 A=0.63:4=0.83.1=0.25 A= 05)

--------------------------- ® oo . ? P [P R — racun o e - - B :_ PRy S p— ; B - cam % eve -)
: 30cm Refractor : : 26 . 2¢ . 44 . 26 )

A 2 : . : )

: 83cin Refractor : € 24 - B84 12 )

. g . )
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The curve traced with a heavy linc shows the polarization of the
soil when the !fartian atmospherc is particularly trensparcnt. Frow Decerber
1964 till the end of 1965, from 5 to h on the curve of fig.3. thc polarisa
tion charncterizes the soil of the 311n;t scen through & very purce aimosvhere.
During the last period, from j to 1, there arc discrepancies erong the neasarce
of polarization, due to the rether frequent prescnee of veils, vhichn
scem to consist of icc crystals. The mezsurcs taken on the dark arcas of the
surface ol the planct are reported in fig. 27.

Fig. LI and 5 show the polarization curves of the brisht urczs of
Mars meesured at the conter of the dise througn different colour filters.
As it results from <fig. L, the shepe of the polarization curvus varics very
slightly with thc wave lcngth in the Infre Red range. rig. 5 shows 2 pro-
gressive diminution of the phasc angle for which the polarization is
zero and thc increase of the slope of the positive part of the curve. It
will be shown later that such propcrties chorecterize the atmosphere of the
planet Mars and allow & dcterrminction of its treansparcncy in bluc light.

By the end of Junc 1905, the dhase engle reeched the value of
V = 39° | which was thc maxirun accessible veluc of thot veer. Ve renorted
on Fig. € and T the proportions of polarized light measurcd on the bright
arces at the cunter of the disc =5 a function of time, during thc months
of iley, Junc and July, for cach onc of the specetral domains, red, orgngc, grecn
and blue--greon. The heevy linc shows what should be the variation of the
polarizetion if thc etmosphcrc of the rlenct werce free frow veils. It can bo
asccrtained thet this was the casc during the month of !loy . on the contrary,
in June, strong discrepancics of thc polarizetion heve been recorded for
each onc of the four wave lenghts, 2ll in the positive scnsc. Such disere..
pancics arc explained by the prescnee of faint veils of ice cerysto 1s. These
veils were observed as diffusc whitce farmations  but for the most paru,
there was but o slight inercasc of the polarization of the light vh,n these
recgions were secn obliquely along the rising or the setting limbs of tic
vlanct.

During this cpoch the !fertian atuospherc scciaed to be freoe from
dust clouds . the presencc of such clouds. if eny, should be revealed by
e diminution of polarization. Fiz. § and 7 show that the discrepancics
of the polarization given by the white veils arc stronger towards the red
than towards thc blue.

We shall scc later how thuse observations allow the dctermination
of the transparcncy of the¢ wutrosphere of iars in bluc light.
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SURVLY OF TIL POLARLITIRIC ILASUREILITS OF Tiw LIGHT AREAS OF MARS :

Since tiwe bezinning of cur cluservations, tock placc successively,
tue following epparitions of liars : 1945, 1950, 195 2 1954, 1956, 1958, 12¢0,
19C3 and 19¢5. For ecach one of thesc ecpparitions, we traced aclariz~tica
curves of the bright :reas of the plimcet 2t tue center of the disc.

Curves concerning the -ppuriticns of 1JLC, 1948, 1950 and 1952 have

alrecdy been publisicd in 1955 (3). The observaticns of 1954 to 1065 are
reperteé on Fig 8 to 13. Such cne 3f these figures gives in -beissae the
vhuse angle znd the hekicceatric lonzitude of the rlanet wnd in ordinztes

the prop.rtion of »clorized lisht. Heavy lines represent the polariz:ticn

of tic soil of .urs when it is obscrved through the atmosphere of tiwc

plaret frce from veils or clouds. In 1954, Fig. 6, the atrosphorce of the
planet scered to be purticularly transparent during the whole apperition.

Oa the contrary, in 13256, Fiz. 7, it wus particularly disturbed by persistant
sellew veils, recorded by nurerous ouservers. In 158, Fig. 10, the llertiun
ctrosphere was  transporcnt during the first nart of the observational period
up to the opnosition ; afterwvards, the polarizaticn revezled the sresence cf
sore yellow veils , such veils would ¢scaped any other observationnl precedure
than polarization.

Irn 1900, the !artian atmosphere as a whole was sulticiently
pure, fig. 1l.

The obscrvations of 1203 and 1965 (fis. 12 and 13) have been
ccinented previcusly.
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IDENTIFICATION OF THE NATURE OF THE SOIL OF THE PLANET MARS :

The polarization of the light of the bright areas of the surface of
Mars allows the interpretation of the nature of the soil of this planct.

a) Previous investigations : The first researches for ihe identifi-
cation of the nature of the soil of Mars by means of the polarization of the
light, have been published in I95I by A. DOLLFUS (I5). Thesc studies can be
summarized as follows (3) :

"Studies developped in the laboratory, show that such polarizations
necessarily characterize a vory absorbent, pulverized and opaque substance.

There are but very few substances which show an inversion of the po-
larization for such a high phase angle¢ as 282; this material, morcover, shows a
negative polarization when observed obliquely; such a negative polarization is
not usually associatcd with the above stated property of inversion of the po-
larization at 282 angle of vision. It rostricts the fizld of study to well do-
fined substances and favours the sclection of a sample.

Different red sandstones very absorbent, crushed, pulverized or sifted
in various ways have been tried, but none shows such a pronounced negative po
larization as the Martian soil, and none an inversion of the polarization for
such a high angle as 289,

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

- Pyroxene : .ugite SiUp (Fe, Ca, 1g)0 in brown-yellow powder.

- imphibole : Hornblende SiUp (.1, Fe, Ca, ¥Mg)O in deep browm-yellow powder.
= Zirconium OUxide : Zircon Si02, 2r0 in very light yellow-orange powder.

- Titanium Oxide : Rutile TiO2 in deep brown-red powder.

None of these substances, as regards their polarimetric properties, shows any
comnection with thosc¢ of the soil of :lars.

licasurcs taken on a number of samples of voleanic ashes of great
variety, give, sometimes, poizrimetric curves identical to thosc given by the
bright areas of the soil of ilarc; neverthecless, their colours differ, in genc-
ral, from the. specific ycllow colour of the Martian arcas.

The Iron Oxides in diffcront forms, according to their statc of hydra-
tation, can show such polarizations by oblique viewing and an inversion at
phase angle 282. Non-hydrated Hematite (oligist iron) FeO in cherry-colourcd
powder, sifted in small grains, as well as its red-ochre variety, are far from
reproducing the polarimetric properties of the liartian soil.

But hydrated samples of gocthite Fep0sHo0 in yellow or yellow-ochre
pouiirs, particularly the yellow=-brown Limonite, F02033H20 of 0.20 albedo,
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reproduce cxactly the polarization of the bright areas of ilars".

Since that epoch, a great many confirmations or discussions on the
identification of the limonitc have becn published, but they are mostly bascd
on photometric studics or theoretical considerations. V.V. SHARONOV (I6),
through an extensive research of the photometric rroperties of the bright
areas of Mars and those of samples of terrestrial substances, was able, in
I96I, to identify the presence of limonite in the form of an ochre powder,
in the bright areas of the planet.

L. BINDER and D. CRUIKSHLNK (I7)(I8) studied the reflectivity of
Mars in the Infre-red and concluded that iron oxides of limonite type could
probably be the constituent cf the bright areas of the planet, in which case
weathering of the surfaces of grains causes a coating of limonite.

D, HOVIS (I9), as well as C. SiG.N and his colleagues (20) measured
in the lsboratory Infra-red spectr: of limonite and concluded its probeable
existence on Mars.

J.i. LDAMCIK and hic colleagues (2I) prepared artificial samples
of silicates coated with limonite to reproduce the weathering effect.

R.L. YOUNKIN (22), nevertheless, obtlained Infra-red spectr. of Hars,
which do not seem to conform to the identification of limonite.

J.W. SLLISBURY and his colleagues (23)(24)(25) as well as C. SAG.N
(26) examined, from the geological point of view, the possibility of the
existence of limonite on Mars.

b) New investigations : We submitted the initial identification of
limonite, obtained in I95I polarimetrically, to a more accurate analysis, by
studying simultaneously the polarimetric and photometric properties of sam-
ples and teking into account the more recent photometric and theoretical in-
vestigations. We received mineralogicel samples of iron oxides and limonite
from .. C.ILLEUX (Laboratory of Geology, Sorbomne - Paris), V.V. SHARONOV
(University Observatory of Leningrad), C. SAGAN (Harvard College Observatory).
We received also samples of limonite artificially deposited on gr-ins of
silice and kaolin, from J. ADAICIK (Texas Technological College). /. large
number of measures were taken in the laboratory by E. BOWELL in I965 and I966.

The polarization measures refer to the physical structure of the
surface; the photometric measures as 2 function of the wavelength refer to
the material of which the grains are made. The characteristic yellow aspoct
of the planet, corresponds to a very rapid change in the reflectivity of
the soil of Mars in the visiblec part of the spectrii»; this is fortunately
a criterion of particular character, because the association of the polari-
zation and the photometry allows the selection of specific samples which
can define the Martian soil in an accurate manner.

¢) Texture of the Martian soil :
The texture of the soil, its physical structurc, is giver by ihc
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polarization. In I950, we selected a samplc of limonite-goethite which, pulve-
rized in small grains, reproduced in a very satisfactory manner the polariza-
tion of the light of Mars in the visible part of the spectrum (3). The powder
consisted of a complex mixture, smaller grains enwrapping larger ones as a
superficial coating. The polarization curve of this smmple Dg is givoen in

Fig. I4.

In order to determine the size and texture of the grains, we siftod
this sample to obtain two new powders, the first Dy consisting of large grains
with sizes between 90 and 200 microns, and the sccond Dy of finc grains sucller
than 40 microns. In Fig. I4 are reproduced the corresponding polarizatior
curves. The negative parts of curves Dy and Dp are not identical with thosc
of the planet Mars; the slopes of these curves beyond the angles of vision of
302 arc too great. The curve Dy is closer to that of Mars than D); this spcaks
in favour of the fine grains. But the best reproduction of the polarization of
Mars is given by the sample D consisting of 2 blend of grains of any size
smaller than 20C micron, in which the smaller wrap the larger.

If the deposit is compressed, or slightly squeeczed, the minimun pola-
rization becomes =6 thousandths instead of =IO thousandths, which is that
measured on iiars. But the deposits of Dy which were strongly aerated in a com=
plex non-squeezed structure, reproduce the polarization of the light of liars
in all its details.

On the other hand, information about the structure of the soil of
Mars on a scalc larger than a few millimeters, is supplied by the photometric
study of thc reflecting power as a function of the directions of illumination
and obscrvation. These results have becn published recently in another paper
(27). Contrary to the case of the surface of the ifoon, the soil of liars is
revealed as having only slight roughness. This might probably be explained by
dust being transported by the wind and deposited as a uniform layer cn the
surface of the planct.

d) Composition of thc constituent material :

The sample Dg gives 2 polarization similar to that of Mars, but two
rnore difficultics still persist

= The spectral variation of tho roeflectivity of the said substonec .
in the visible part of the spectrum does not reproduce cxzactly that ofplznct.

= The geological arguments raised by J. SiLISBURY and his collceagues,
indicate that purc limonites-gocthites have L. 41! = chance cf existing on
Mars; such a substance would preferably be present in the form of a super-
ficizl coating enwrapping grains of o different nature; this would probably
be due to the action of atmospheric agents,

We studied the polarimetric and photometric propertiecs of grains,
artificially cosnted by a limonite deposcit. J..4. ADAMCIK !dolly osu pe-
plicd us with two samples, named A and B, having the following compositions :
"Gocthite (F203H20) was deposited on silica ground to pass a screen with 62
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micron openings, by hydrolysis of ferric nitrate. The material obtained
contained I6 ,» gocthite and is described as "I6 % goethite on silice".
Eeating this materiel to 4002C dehydratcd the goethite to hematite and gave
the material described as "I4 jo hematite on silica". A similar proccdurc
applicd to kaolin gave "I6 % goethite on kaolin" and I4 % hematite on kaolin".
Then a basic mixturc was preparcd which contained : 9 parts (16 /o gocthite
on silica), 3 parts (I4 ,o hematite on silica), 3 parts (I6 % gocthite on
kaolin) and 1 rwrt (I4 5 hematitc on kaolin). Then sample 4 was preparcd by
adding 0.65 % magnetite (Fe 04) to the basic mixture, and sample B by adding
22 % of hornblende (ground zo pass a 62 micron screen) to another portion of
the basic mixture”.

The polerization curves of the samples A and B reproduced in Mig.
I5 do not exactly fit the curves obtained Irom the planet; they scem to
charactcrige trensparent grains. The curves showing the variaticn of
the reflecting power of the samples are reproduced in Fig. together with
the photometric curves obtaincd from Mars. These curves arc not didontical;
they oxhibit great slopes, and the corresponding reflccting power is  too
high in the red. Thc agrecment between photometric properties of the samples
and those of the surface of Mars would probably be improved if the consti-
tuent material of thc inner part of the grains of samples A and B werc more
opaquc and absorbent.

Dr. E. BOWELL studied in our laboratory at the Mcudon Observatory,
new nixtures with compositions ranging between thosc of the smmples 4, B rnd
D as well as a powder of pulverized hematitc H (see Fig. I6 and I7). Two
types of associntions arc considered : a) direct mixture of grains of dif-
ferent constituents, b) juxtaposition of the differcnt constituents In the
form of 2 mosaic. In the first case, the measurcs were taken direcily in
the laboratory; in the second easc, the resulting rcflecting power is cal-

culated by formula : 3
K = EK‘[% and P = ; PiKi@
T £ K

Qi = Proportion (in %) of cach constituent, i

Ki = Reflecting power of each constituent, i
Pi = Polarization of cach constituent, i

Four mixtures reproducce well the spectral reflectivity of Mars :
M, =80 5Dy, 20%H (sixture of grains)

1

M, =875%D,, I35 % H (mosaic)

My = 43 % Dy, 4274, I5 % H (mosaic)
1*14 = 68 % Dy » 32 % i (mosaic)

The polarization curves ere rcproduced in Fig. I7. The sample M
reproduces the polarization of thce light of HMars to 1 or 2 thousandths
approximately. The relative photometric curve is identical to that resulting
from measurcs tcken on Hars, Moreover, this mixture reproduces the polariza-
tion of the light of iars in thc Infra-red (Fig. I8) becausc the negative
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branch of' the polarization curve of th:e planet in the Infra-red is indepen-
dcnt from the wavelongth (Fig. 4).

The mixturc iy corresponds to the juxtaposition of grains of purc
limonite=gu sthite and of greins of silica and kavlin coatcd by a superfi-
cial dcposit of limonite.

Fatur-lly, thc compousition of the mixture is not a critical one.
Various nixturcs of zrains consisting of absorbent materials, the surface of
which is comjlctcly coated with limonitc or goothitc, should reproduce catise
factorily the polerimctric ond photometric propertics of the soil of Mars.

c¢) Conclusion :

The surface of the <oil of the ochre colourcd desertic bright arcas
of diars is similar to a mixturc or fine greins of any size, wrapping cach
other and forning a sufficiently acrated deposit of a low roughness. The
grains concist of limonite, or a julverized absorboent and opaque material
with the surface of the grains coated by a deposit of hydrated iron oxide of
the "linonit:" typc.



SURVSY OF TH: POLARLETRIC MiASUREMENTS OF THE DARK ARuAu OF MARS SINCE 1948 :

The dark arcas of the surfacc of iars show a polarization slightly
different from thet of bright dcsertic areas.

The measurss tekcn on the dark ercas during the last ninc appari-
tions of lars since 1948, cnablod us to trace their polarizeticn curves repro-
duced in Fig. IS to 27. We classified thesc arcas into j groups : southcrn,
cquatorial and northerceThe proportion of polarized light P, was plotted,
for cach apparition, against the anglc of vision; the figures, morcover, show
the heliocentric longitude of the planct, wiich characterizes the lartian scasm.

In I948, Fig. I9, the northern hemispherc of the puenct was in spring
and the southern in fell. The dark areas of cach hamispherc give polarimctric
curves differcnt from those of the othor,

In I950, Fig. 20, by starting suwumer of the northern hemisphore, dise
crepancices between the polarization of the southern and northorn dark arcas
still persist.

Measures takcn in 1952, Fig. 2I, corrcspond te the e¢nd of the swer
and the start of the fall; the polarization curves of the dark arcas of the twe
hemisphercs become akiust alike.

In 1954, Fig. 22, the fall is ower; the polarimetric curvis cof all tho
dark arcas arc idcntical.

In 1956, the mcasurements before opposition werc disturbed by ycellow
veils in the Martian atmospherce. Aftor opposition, the northern hemisphore of
the planct was in winter; the detailed study of the individual dark spots socn
between the veils shows discropancics with stronger negative polarization on
the southcrn spots.

In 1958, Fig. 24, thc lartian atmosphcre was practieally frece fron
vuils beforc copposition. The southern homisphere was in middle swaner; the
polarization of thc spots of the two hemisphores shows but a slisght difference.

In I961, Fig. 25, thc sccond part of the ~rparition corresponds to
the start of thc northorn spring with the dark spots showing again a wecker
polarization than thosc in the south,

In 1965, Fig. 26, th: planct was in almost sinilar seasonal conditions
as in I961; thc slight differsncc in the polerization of the dark spots in the
two hemisphores persists. Aftor opposition, the northern huadsphore of the pla-
net is in middle spring, but veils in the dartion atnospherc disturb the nca-
surcments.

Finally, in I965, Fig. 27, the first part of thc curve corresponds to
the middlc of spring of the northorn hemispherc, in which the dark spots show
a stronger negative polarization than thosc of the southorn hinisphere, this
was observed in 1948 during thc cquivalent scason.

Gur obscrvations refor to a period of I8 yoars and cover a cumplete
Martian scasonal cyelec.

It rcsults from the abovec, that thc dark spotz of the surfac. of linrs
show = scasonal variation of polarization manifested during the llartisn spring.
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During this season, the polarization beecomcs stronger in the negative sensa.
In order to study this scasonal variation, we salected the measurcs corres-

ponding to the phasc angle of 259.

Tablc N2 ) shows for cach obscrvational yecar :

= the heliocentric longitude of thc planct for the phasc angle of
252,

= The differcnce PN = P, between the polarization of the northern

and thc southern darE spots, for the phasc anglce of 252,

= The differcnce Py - Pg batween the polarization of the northern
dark spots and that of thc ncighbouring bright arcas.

= The differonez Pg - P between the polarization of the southorn
dark spots and that of thc neighbouring bright arcas.

Yoor | liclico. By = Pg By =PglPg = P
oy 0% ,.;.S N%‘O s%. 0
1948 164 -6 ;-4 ] +2
1950 197 -6 | =4 ]| +2
1952 257 -4 |=1] +3
1954 253 -1 0| +1
1954 291 g 13221 »i
1956 8 +2 | =05 =25
1958 36 0 0 0
1961 115 -2 | -15 +05
1963 119 -25;{ =2 +0,5
1965 157 55 . @3 | 42 |
! | .

Thc cycle of th. secasonal variation of th:s polarization of the dark
arcas of llars is giwven by Fig. 28, rcsulting from the data of Tabl:z 3, .becis-
sac represcnt the heliocentric longitudes and the limits of the scasons for
thc two Lomisphorcs of the planct; Ordinates reprosent Py - P and Pg = Pp.
The differcncus of polarization are marime at the end of the spring and occur
principally during spring and summer of cach haemispherc.

It is known (I2) that thc dark arcas of thu surfac: of lars show va-
riations of their intunsity which scem to propagate, with the scason, from
the poles towards tho Bquator, during the spring and sunmer of cach heni-
spherc of the planct. L[t is clcar that thc scasonal variation of th. polari-
zation of thc dark arcas is associatcd with the scasonel variation of their
intcnsity.
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In vicw of the faet that th: polarization of the light characte-
rizcs the contexturc of the surface in o microscopic sealc, it should b
admitted that the darkening of the dark arcas in spring is associatud with
a change of their microscopic contexturc.

This verification, bas.d now on polarimeter observations cxtending
ever an)Ie year period, confirms the prcliminary results, pointed cut in
1955 (3).



-

DLTERMINATION OF Til SCATTLRING COLFIICIEIT OF TIE ATHOSPRARL OF LARS IR 0.€1 NISRO

The polarimetric measures collected auring the apparition of liars
in 1943 and 1950, completed to a certain extent by reasures taien in 1952,
allowed a prelininary deterrinztion of the guentity of light scattercd by
the atmospherc of the plenet ( 28 ). 3uch = ceterninatior was based on the
reasures made o the bright areas of ijars. The luminance of the liartian atros.
phere for its vhole depth at the center of the disc, ot zero phese, hcs been
estirated to be 2,023 stilb at 1 astronorical urit frorm the Sun, for M= 0,61
nicron. T.e corresponding Giffusion factor amourts to 0.0017 stilb/puot. IT
the atrosphere was corpletely free fror cerosols, the atmsopheric pressure of tuc
sround, necessary to give such 2 brightness should be of the order of €0 to
90 millitars Howgver, this_first deterzingtion was tesed on. iy polarinetric .
scquencces oniy heznh ve_been combiged with sorne verz gge Ltinary vhotometric
redsures, tac” ofly aVailzblc at the time . roreover, 2 1at epoch, we coula
rot know ia detail the polliution properties of the lartian atwosohcre.

RQecently, L.W.P. CAII ( 29 ) revised this valuc by using tae
samc polarimetric measures, corbined wiih rore zccurate photometric measurcs
Dublished by A. DOLLFU3 in 135C ( 30 ). This revision :ave 0.013 stilb at
unit distance from the Sun ; this value corresponds, for o very cleer atmos.
pﬁirc, to 2 pressure on the sround of the pleonet, of approzirately 50 nillibars
only.

The great nurber of polariwetric neasurcs, previously sumrarized,
cllows now & very responsive improverert of thesc prelinminary deterninztions.
Apong the 5,200 mezsures of polarization taken during the last 18 years
in yellow light or the bright crecs of the planet, we selceted these core
responding to periods i which the licrtien ctrcaphere hos beea considered te
be particularly free forn ceroscls (See Fiz. 5 to 13) . roresver, the anclys :

3 Ghe vitu @ oo Dof 31002 ctwdof the roterptiticn £the polorized 1ight

2t tle disc's linb, alliwed & scecnd selcetion of observationh cong those of
the first sclection (sce fur excrple Fig.l.) for the elinination of leesl haze or
tomporary atmospherie pcllutions. Finelly, cbservations sccured in L5 nights only
havc.heen reteined ; these obscrvations characterize the pericd in whieh the
rartian aimosphere was of ¢ particuler lirpidity. Thesc cbservational sequences
§ive the proporticm of pclarized light P (@) of the wnifornm bright areas of

the s;§1 of iars, for different distances fror the center of the dise in a
dircction perpendicular tc the line joining the cusps.

. If P (0°) represents the pclarization observed at the center
cf the‘d}sc for 0 = 9, we estcblish the differences 2(0)-P(0°) between the neo..
Sures tuien at the dise's lird and the center. e cbtein sueh data for diiferet
valucs cf the dhase angle V.



We consider B (v, O) to be the luminance of the ruiciar atrosphere
observed through its whole depth at the distance 9 from the disc's center,
for the phase angle V. © (V, @)is the luninance of the bright arcas of the
soil of ilars for X =0, 61 micron the values of ? arce given by the photo-
metric mcasures collected Ly A. TOLLFUS jn 1950 abd 1572 which are

summarized in the left ficure of plat:. . . o1ro0v = P _(9) be the aif-
ference of polarization given by the soil at the center of the disc for the
inclination 6  this quantity P is srmall and was dctermined through mea-

surements carrica out in 13borutory on samplcs having the same propertics
than thc soil of Mars the values of P (8) are given as a function of &
by thc upper curve of Fig 29

Let B (V) and P (V) be the luminance and the polarization ziven by the
atmosphere of itars at the center of the disc.

We have B (V. 8) =3 (V,0)
a ¢

cos 9
e admit now that. duc to thceir seloction, the meacurcs refoer te
arcas whcrc the atmosphurc is zomrnosed of molccules sor particles smai ¥
than the wave length, diffusing the lipht as the molccules
2 2,V

3 (V. 8) 3 (0, C)x 1 + cos™ V and P_ (V) sin™V
a = e — e e ——— et e S -‘..-_.,/ =
cos 9 2 1 + cocs V

The polarization of the soil and that of the atmospherc are co. hHin:
(3) and give

5 (0,00 _ sin V

P(V,0) =P (V) +P_ (®) + 277(V,0) "2 cos ©

18

m

The difference botween the measurcs takeon at the | imb and the cunter
of thc disc, give

-

)
sin® Vv = ;
PO) - P() - Po = 300 st ? R

o
N
e

5, 79) 2 B (V,0) ¢ TR

X
O
VY
-
-]
N’

P(Q) -- P(0) arc eiven by the obscervatione.,

On fig.29 the measurcs on the wholc definc a straight line the

slope of which deternines 3. 3 at the truc oppositier
-== = 10,0 ¥ 10 7

for thec bright arcas at the €cnter of the 4disc and fer X = 0.6l nicron

The photorctric mcasurces (37 ) cive B = 0 35 stilb at o 52 A.1°.
fror: the sun. The illumination given by the sdr at urit Cistance is Y50 e
Conscquently. tic global scattcring poucr of a vertical cclunr of aj» - Ew
center of the disc of the planet. at null phasce in orrnpe lisht 0 O —i¢- o
under the best observing condi*ions,of atmoopheric transparuncey ci ~ v
arounts to : Ka(0 Glwicron)= 1:.10 “x 0 35 x (1.,52)2 1 = 6.0,107's5tir oot
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Supposc the atmospherce of the planct roally pure contrining ondy
molcecwles, for cxample of nitrogen, the scattorin: power of which wnowits -
under the normal conditions of pressurc and temperature and liyor depth = to .
hom: Ko =2 Rh.(R = Raylcigh's constont = 4.5 x I1079). the depth of th.
Martian atnosphcere, undor normal conditions, should, thercfore be @ T.LU' co
and th. atrospheric pressurc on the ground approx. 30 millibnrs,
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DETERMIN.LTION OF THE SCATTERING OF THE ATMOSPHERE OF MALRS AT 0.47 NICRON :

The polarimetric measurcs allow still the detecrmination of the lumi-
nance of the Martian atmosphere in blue light. Fig. 6 and 7 give the polariza-
tion of the light at the center of the disc by moximum phasc angle V = 3999
in I965. The curves express the slow variation of the polarization as a func-
tion of the phasc angle V. During cortain periods (ond of June and start of
July I965), the discrepancies between the measurcs indicated the presence of
thin veils of ice crystals in the Martian atmosphsre. Number or measures do
not scem to be affected by veils. Those sclected for the phase angles between
3926 and the maximum value of 3929 arc reported on Fig.30 as a function of
the inversc of the wave length; they give the curve of the spectral varia-
tion of the polarization for the average phasc angle V = 3928 when the Martian
atmospherc is clcar. This curve can be compared with thce measures taken in
laboratory, for the semc phasc anglc, on samples of pulverized limonite and
gocthite, which reproduce the polarization of thc light given by the martian
soil (Fig. I4 to I8). In the Infra-red, thc polarizations rocorded on ilers
and the semples arc very close; the light scattercd by thoe interposcd Martian
atmosphere is practically negligible. Towards the blue, the curves diverge;
the discrepancy is to be attributed to the atmospherc above the soil of Mars;
the brightness of the atmosphere increascs rapidly with decreasing wavelength;
the diffcrence amounts to OP : 23 thousandths for )= 0.47 micron.

Let us suppose that the Martian atmosphere, frec from discorniblo
impuritics, polarizes the light as the molecules of a pure gas :

B (A,V) and B (A,V) are thc luminances of tho atmospherc and the soil at
the center of the disc. Calculations analogous to thosc developed above give :

AP = B(9,V=02) sin2 V B,(-=0.47 micron, V = 02) 24P -
P i . . cron, V = o

The luminancc Bg of the soil for the wavelength 0.47 micron for
the phase angle 3928, can be dctermined from the photometric measures collec-
ted by 4. DOLLFUS in I950 and I952 (30 ). At zero phase, at the ccnter of
the disc, By ()= 0.47 micron, V = 02) = 0.080 times the luminance of a per-
fect scatterer; for the phasc angle V = 2992, wo found 0.065; and extrepola=-
tion for V = 3926 gives 0.06 approx. for the sub-solar point and approx.

0.05 for the center of thc disc, corresponding to a luminance of 0.08 stilb
at I.52 A.JJl. from the Sun.

Therefore, the luminance B,(0,0) of the atmosphere of the planct at
zero phase, at the center of the disc, for )= 0.47 micron, emounts to
0.II x 0.08 = 8.8 x 10~3 stilb at I.52 A.U. and gives a scattering coefficiont

of about : Kg(0.47 micron) = 15.10~4 stilb/phot.

ecoo
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RESIDUAL POLLUTION OF TH& ATMOSPHiRE OF MARS :

We have found for the red :

X,(0.6I micron) = 6,0.10~% stilb/phot.

If the atmospherc of Mars, free from discerniblc acrosols, scatters
as thc molccules of a pure gas, K, should vary inversely as the fourth power
of the wavelength and give :

K, (0.47 micron) = K,(0.6I micron) 0.6I 4 - 17,5.107% stilb/phot.

Therc is but a slight discrcpancy between this value and that ob-
tained here above, viz, I5.I0~4, Consequontly, in thc regions where the Mar-
tian atmosphere seems to be pure, there cannot remain appreciable quantities
of aerosols scattcring the light in a very different way than molecules, like
particles having a diameter larger than the wavelength of the light.

Nevertheless, particles having a diamcter much smaller than the
wavelength increaesce the scattering power of the air but polarize cbout as
much as the molccules; they could cscape our analysis. If this is the casc,
the atmospheric pressure of )O millibars, correcsponding to the luminanco
observed at,): 0.€6I micron, should be considered too high.

The new determinations of the atmospheric pressurc by spectroscopy
(31)(32)(33) or by thc spacceraft Mariner IV (34) give lower valuecs, betwecen
9 and 20 millibars. If such is the case, the Martion atmospherc should con-
tain permancntly a small quantity of acrosols of diameters smaller than the
wavelength, scattering light as molecules, and incrcasing the scattecring power
of the air to a ratio between 0.5 to 5 times its proper luminance,
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TRANSPARGNCY. OF THi HURDTAN TIOSFHUR IN THS BLUE &

AN O
- e - B——

The derk aroas of the soil of MNars disappear almost conpletely in
the bluec and the violet; this has often boon attributad to the strong cbsorp-
tion caused by = hypothetical, permanent blue veil in the atmosphere of [lars.

Though the valucs above established for the blue light :

Ba(V = 02) = 0.II0 x B4(V = 39¢08) anl, on the othor han!l : Bg(V=3928)=0.05 =B (=),
. 0008
Therefore, th: lupinance B, of tho atmosphere amounts, for thc phase angl. ZCro,
to 0.1I x 0.05 = 0.07 times the lwwinance of the soil wly.
0.08

This 7 y amount of light, coningfrom the atmosphere, is too weak to
sercen the dark foatures of the surface of Mars sfTiciently and riokc then disap-
pear; the dark markings vanish in the blue, because the reflecting vowers of
the bright and dark areas of vars, in this specetral aumain, are very closc. Cone
sequently, duc to the very low contrast between the said arcas, th. prescnce of
even very faint additional atrnospheric wveils is sufficicent te effaco conpletely
the surface markings. For instance, the so callad "bluge! clouds, observed al-
most permancntly at the rising and sctting limbs and often in oth-r arcos of
the dise oo nnak conpletely details of the soil; concentrationg of fCT0S0le,
of minor importance in view of the very low contrast botween bright and dari:
arcas, can produce this offect. The nors rarc "yellow v.ils", ov.n very tiia
oncs, consisting of flying dust, can equally complotely mask the aarkines of
the soil in blue light (5).
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