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'l'lle reccllt oppositions ol' Mars in 1$)54 imcl 1956 oKerec1 to nstro~wn~ers all over the world a rare oppor- 
ruiiity for stuclying the planet in detail. Mi~rs came iis nc;u as 40 inillion mi,lcs l i on  the earth in ,June 195.1 

a1,out 35 million miles in Septcml~cr 1956. St~clx close ;~plm)aches or the planet to the cizrtli are inkrclucnt. 
(In Ju ly  r c~gg i t  \\?as 36 million milc's irr~rny fr(.,rn the earth, ;~.od it: will come as clnse ns g:.l.. (i million miles only 
irz 1971.) 

A clctailed study ol'thc planet durir~g the h v o ~ ~ r a l ~ l e  oppositions of I2/fnrs in 1954,a.ntl I<)$ was plarrlled 
ancl co-ordinated on a world-wide co-opernlion bcxsis 1)). ,the I ntersnational Mars Comnlittee set up in 1953 under 
the joint" Chairmanship of' Drs, A.G. \iVilsc~n arrd E.C, Slipl~rtr. The Koclaikanal Observatory is one al: those 
international o bserv;itories invi tccl thc hCors Cornmi t tce to join in ;2 world-\\ride photograpllic and visual. 
patto1 of the: planet; this obscrvattsry kel)t a continuaus photc~graphic and visual watch fi-0111 ~ 3 r d  
June ttj 15th Septembcr in 1954 and from t.he 1)cginlzixlg of August t:n the end of October iiz r g$$. ':l'l~c weatlzer 
conditions herc cluring the aljovc periods aiecre often unf'izvoul*a1.>lc. TrIowcver, sl>scr~~ations were macle whenever 
weather permitted, 'I'he obsermtiox~al material co1lc:ctecl during I 954 and 1g5G is necessarily mcilgre, hut nt- 
~*ctrtllcIcss it; has Ijccn qonsidcrecl ~vorthtvhilc to irnalysc: i t .  'l'hc: results of this n~lalysis are sur~~marisecl ill tilt: 
tllree sections oT this bulletin. 'L'hefic o1)scrv;rtions l)y rhcnisclves do not tend to nny new discovery, l)ot they lnny 
1)e: expected i ~ t  least to help to clat-if$ certain l~oints \\hen corn~sirecl with crbscrvations n~aclc nt o4:ber c:o-opcra- 
tiny; observatories. 
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OBSERVATIONS OF MARS DURING 1954 OPPOSITION 

Astrophysical 0 bservatory, Kodaikanal 

This paper gives a report on the surface features of h$ars derived from the visual observhtions made ar 
Kodaikanal during the I 954 opposition. 

Introduction (Historical) 

The first drawing of the surface features of Mars, such as Syrtis Major, was q a d i  by the Dug11 astronomer 
Huygens in 1659, and he was also able to deduce the rotation period of Mars to be about 24 hours. +t about 
the same time the Italian astronomer Cassini also studied the planet and discovel.ed the polar ,cap.  Sir Wil- 
liam Herschel, from his drawings of the polar caps in  I 777 and I 784., succeeded in determining tlne inclination 
of the planet's axis. In 1877, the Italian astronomer Schiapafelli announced the discovery of the 'Cana1i'- 
narrow faint lines intersecting the Martian surface. He was responsible for attracting Percival Lowell (I) 
who took great interest in the study of the planet and built and equipped the new'observatory at  Flagstaff, 
Arizona, (7000 ft. a.s.1) with the specific object of studying Mars in  particular, and the other planets in general; 
Both of them studied the planet a t  different oppositions; Schiaparelli named th,e featuires of the plenet and his 
nomenclature is still in use. Prof. Pickering (" made a further addition to the Arebgraphy. Antoniadi, 
(a) in 1 gog, from a close study of the planet concluded that the details of Mars displayed 'ivekywhere gn infini- 
tely irregular stl-ucture, 

I n  recent times, however, astronomers like E.C. Slipher of the Lowell Obeservatory, W.H. Wright and 
R. J, Trurnpler of the Lick Observatory have been able to .make. new deductions from their reqxk-hle photo- 
graphs of Mars. Recent drawings of Dallfus confirm Antoniadi's conclusion that when the seeing, is .goad, 
what are called the 'Canals' can be resolved into discontinuous spots. Also in recent times .G.I!., Kuiper, ,E. 
Opik and G. de. Vacouleurs, (4) and others, have with the help of visual, pliotographic and spectrosct,pic 011- 
servations, contributed materially to our knowledge of the physical nature of the planet. 

Observational procedure and equipment 

The photographic observations of Mars were made by means of the r o-inch Cassegrain reflector (Bhav- 
nagar Telescope) of the Kodaikanal Observatory giving an effective focal length of 87 R. with an f ratio of 52. 
All the photographs were taken using a red plexi-glass filter (h6ooo-6600 A.U) and photometric standards were 
impressed on each plate by means of a step-wedge, Both the filter and the step-wedge were supplied by the 
International Mars Committee. 

The visual observations were made with the 6-inch refractor attached as a guide to the 20-inch reflector. 
No filter was employed for the visual observations. All the drawings were made at  the telescope and in general 
the principal details were located within a period of about 20 minutes. No detail was recorded unless posi- 
tively seen or a t  least glimpsed repeatedly during the moments 01 good seeing. The observers were not at all 
familiar with the appearance of the surface features of the planet and had no idea of the area under examination 
until the central longitudes of Mars were computed .at a later date. 

Nature of observations 

The seeing conditions during the period of observation were seldom better than 3 on a scale of 5 & never 
very good($. According to our experience Mars was exceptionally difficult to focus critically on most occasions; 
in  fact, we found it better to focus the telescope on another object like the Moon and then point the telescope 
to Mars. Although the photographic images of Mars revealed a certain amount of detail now and then when 
the seeing happened to be comparatively good, the quality of the images in general was poor and therefore it 
Was not quite easy to have a continuous study of the features of the planet. 



The visual observations, however, enabled us to collect useful data ~vith the smaller telescope even when 
tile seeing was not particularly good. These observations in fact are definitely more advantageous because 
of the i.mportant property of the eye's co-ordination with the brain which sorts out the raw data rejecting all that 
appears useless and integrating all the interesting Isits and finally recording a mental picture which no single 
photograph can possibly represent. This mental picture will facilitate a better comprehension of the surface 
features indiscriminately recordcd by a poor quality photography. Moreover, there is no danger of over or 
under exposure in the visual ol~servations and full advantage can be taken to study fine detail and minute colour 
diflerences. There have bee11 many cases in the past where poor photographic observations of Mars have given 
very spurious and illusory results. Only exceptionally good pllotogrephs can, therefore, be relied upon for any 
type oi' serious study. In the absence of such good photographs of Mars, the available drawings made at  ICodai- 
kana1 Observatory during the r 954 opposition, have been q e d  in preparing the present paper. 

No attempt was made to identify any of' the so called tiny canals over the surface of Mars, because the 
imperfect seeing conditions during the entire period of our observational watch made it diecult even to locate 
the rnqjor markings of the planet very clearly. 

Table I wlzich is self-explanatory gives the dates and times of the drawings (ses plate I) of Mars 
with the planet's heliocentric longitudes and the lol~gitudes of the central meridian. 

Description of the features of  Mars 

For convenience of description, the ol.)servations of the Polar caps have been taken up first and separately 
dealt with, while the surface of the planet has been studied dividing it into the following four regions as adopted 
lry the International Mars Committee:- 

Region I (Central meridian-oo-Dawes Forked Bay area.) 

Region I1 (Central meridian-goo-Solis Lacus area,) 

Region 111 (Central meridian-r80°-Between Mare Sirenurn and blare Cimmerium.) 

Region IV(Centra1 meridian-a70°-Bet~recn Syrtis Minor and Syrtis Major.) 

Polar caps 

'I'he period of our observational watclz was honl 23rd ,June x 954., the d.ate of opposition to 13th Septcrn- 
1)er 1954; this happened to be the early part of the spring season in the southern hemisphere of Mars, while it 
was the monsoon season at Koclaika.nal. Beca,usc of imperfect seeing conditions the details in general were 
evasive and facled out towards the limb. 'rhe south polar cap however, was visible on almost all occasions, 
It  appeared as creamy or yellowish white in colour up to about 10th July 1954 and seemed to become white 
later on. The south polar cap clefinitely appeared to diminish in size although the diminition was partly due 
to the changing tilt of Mars (ooto-bqO) during the period of observation. This shows that even in this bricf 
period of study it was melting very rapidly. I'he polar cap appcared bright white on r 0th. July at I gx 5 hours 
U.T, and again on r 0th August at xgao U.T. When the seeing was comparatively bad the appearance of the 
polar caps land the. deserts had an,  orange red : tint. 

(It is of some interest to note that the polar cap was never prominent in any ol' the pho,tographs taken 
with red filter.) 

'I'ht: dark border around the south polar Cap was seen on all the days. It varied in intensity and was 
fading towards its northern boundary. Whenever the polar cap appcared brighter, the fringe appeared darker 
probably due to the subjective contrast eKect. 

Anotl~er interesting feature of' the south polar cap was that on rot11 July a small darkish streak appeared 
ta emerge from its border extending towards north along Hellespontus region. On 10th August it was again 
noticed an4 at that . ti~ne: , it was much more prominent because it was darker and longer extending further north. 

An irregular white marking was often observed in the northern region, but on 10-8-54 at r goo U.T. an 
intense white sharp marking, probably the northern. polar cap was clistinctly seen. Again on 12-9-54 at 1830 
C:.rI'. a very bright white spot (lime light) tvas noticed in the north polar region. 
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Region I (Dnruos Po~ked  Bqj~ arm) 

Si;inu.r Sabaeus.-Usually dark and prominent. Western end curved towards soutli into AJa1-e Serpcntis, 
a less darker area, 

DeEtaio?z S'inu.r.-Brigl~ter than &/lare Serpentis. 

Pgrdorae t;l.ctu??r.-Genel.a.lly faint i n  the heginning h u t  1)ccnme little darker towards tlie end of the period 
bf observation. 

~eneacalioniJ,.-~right bet'iveeli Sinus Sabaeus and Pmidorac Freturn and very birght 1,ctwcen MargaBitifier 
Sinus and Sinus Mericli ani. 

Siiius Meridin?ri.-Soutl~ern' portion da~-kei- \vhilc tlw portion near the; prongs dusky. 

Mn~ga~i t$e~  ,l;inus.---pi te  clark and shi.trply p,-~:n:~cl. 

~4foaclr.i~;-Not a-t all defined-a lwight patch. 

Helb,rjjaratt~s.-lluskily seen ,to the east cd' I-Iellas, and ext cncling ta~vnrcls tllc polar cap. 

Adare rlcicIali~~~~~,-Dark rind visillle, 

Dioscu~ia.---Visible, qx.titc brigl~t.. 

Rflgio~r I1 (Ccnbl-crl ~trcl-idinli goo j 

Aurorae Sinus,--Qyite dark, I ~ u t  darker ta~rarcls nortliel-n cdge. 

Lunac! Lacus.-Very faintly v:s;ble only once on 9-8-1954. at x 945 U.T. 

Solis Lncu.s.-Blacliish and quite l~romincnt. I'tvo dark ccntrnl s ~ ~ c ~ t s  noticed on ngrcl J~ ine .  

,Arcctar.-Seen as a difluse streak to~vsrds west of Solis Lacus, 

T/~az~nza.sia;.-Briglit. 

,Phoenicis Lacus.-Could not be identificd. 

Aonius Si~zus,--Uuskly scen. 

Tc?zli)e and Arcalllia.-Brig11 t . 

Mare S'ire~zunt,--Quite clark ti.nd darker in the middle, and prominently seen in between Pliaethontig 
and Memnonin. 

h4emnonia.-Very bright. 

Anzaznttis.-Seen as shaded bright area, less birght than Arcadia. 

Marc Cinz??zaritm.-Fairly dark, tapering towards north. 

Eleclris, ~ridiana.--~ot distinguishable. 

Aeolis and xe',lyria.-Bright. 

Ccrberus.-Seen as a dark streak on 20th and 2 1st July 19\54 running north-west from the northern por- 
tion of PI/Xsre Cirnrnerium. 

Triviilt?~ CI~ar~ntis,-Darker than Ccrl>erus, on I 1st July I 954.. 

Elysium.-Very bright. 



Region IV (C'entrtzl meridian 270°) 

A4'ar.c: TyrrTzenuns.-Dark and proxninclzt . 
,SLyrtis Minor.--Clearly seen separated from h4a.r~ T y r r h e n u ~ ~ ~  on r ath July I 954. 

.FIellas.-Very bright area. 

.Libya.-Seen as a bright patcl~:' 

',Syriis Mujnr.-Always ikry diii'k a ~ l d  Ijrominent ti~ith tlzc radiating tlrrcc streaks z~iz. Sinus .Sabaeus,.Hel- 
lespontus, and Mare 'I'yrrhen~~m. On 10th J ~ i l y  i t  gave a n  impression of having a complicated internal stru- 
cture within the wedge shapccl dark nose painting towards north. 

Tllolh .Ne/~enthe.c.--nro:~cl clnrkish streak ruaning nortli~vm.ds, wicler tourarclfi northen exid. 

ikioe~i~. Lac~zs,--Faint arlci very sni;bll. 11ut prorni~lent an I 0th July. 

. l idis arid ,Neith.-Quit(: I~rigllt: regions. 

General remarks onbthe physical nature of the surface features 

BgTr)rc concluding th i s  ne)te on the ~lescript~ion or the gel~cral surfitc~ features oC &tars it ,,may be: 
\vortl~tvkile to have an idea of the pl~ysical naturc i>f tlic polai* c.a.ps, the dark and I~right areas, 

Polar caps.-Ilurir~p: x gog opposition 'I'ikl~oK (") from colour iilter photographs wit11 green, orange and recl 
has indicated that witll, the itrriyal of tllc r:(?ld season the liquid existing at  the poles begins to freeze into ice and 
a thin laycr of hoar fi-ost forms over the: ice later. Rut 'cvith tlzcarrival o f  the spring the 1zo;lr frost hegins to vanis11 
first and the p ~ l a r  cqp gets a 1)l~~jslz~grccn colqur. He has rulcd out the possil~ility of snc~tv falling in sul,stantial 
amoutlts. These results were Inor(: o~ less confirnlecl 1)y W.W. Scharnotv (9, fi-orn his polarimetirc stucliks in 
1939. Again G.P. Kuiper (') ' in 1948 k o n i  the st~xdy oi'thc., infra-recl spectrum ~ J S  the polar caps,concluded tllat 
the polar caps are not definitely cornposed ul' C o g  as was tllought in e~trlier days, 1,)ut certainly composed af 
H,O frost at  low temperiturcs. Fli~*ther 'hnd even more definite cvidencr was o1)tainecl by  A. 1)ollTus (8) 
11y polafimetric results ancl he con8isrlied that the polar caps arc made ulj of a thin deposit OF hoar host c~nclensecl 
:it 1 ~ ~ 1 . '  temperatures during winter ancl lux~clergo s~zhlirnation under the sun's rays during- spring :.md sulzlnler. 

rile Dark ar.en.c.---At c~nc time it TV:LS I>elievcd that the clark arcas were scas ancl tverc named as such b y  
Schiapnrelli. Alehor.lg1-1 these names arc still in usc i t  is knc)wn that i:hcse regions rlo not contain water. 'X'hey 
undergo pcricrdic and complex change:s 01' form, colour and intensity. Some or these changes art: seasonal in 
character and othcrs very irrcgulai- alzcl. cliflicult to explnirx. I t  was Lo~vcll tlrhc) suggested that the clark areas 
\rere vegetation artificially irrigated. I h t  it was based on an assumptioil o l  the cxistencc of a much greater 
;~mo~int  of~vatei* than is now known to exist on the planet. Recent observations by G. de Va~xcomleurs (0) tencl 
to sllow that the humidity spreading as clry vapour, through the atrnoshphere, from the ~~lc l t ing  polar calls is 
su.fficient to account for the seasnnal clarkening of  the maria. Kuipcr ( 7 )  from thc study of reflection spectrum 
of the Clark: areas, concludes that they m;~y  be a form of vegetation of the lichen type tvhicb is supposed to be: the 
hardiest form of plant life. E. Opik (ro) also 11as pointed out thnt th,e dark areas must represent some: type af 
growtlx, in the absence of which thesc areas ouglzt to  have: been covcrcd long back 1.1y the yellow clust storms 
urllicll are quite common over the planet. 

Tlze Bright arc~~.-A1~)0ut $15 or the planet's sufiace has an orange cnlour which gives the planct its cha- 
mctcristic appearance,. Sir John Herschel was the first astronomer to suggest that tlze oratlgc areas of Mars 
]night be deserts. In  recent times the problem has been studied by several investigators. Rupert Wildt (11) 
h . ~ s  suggested that the orange tint of Mars might be due to tlze nxiclation o f  the Iran of its superficial rocks by 
ozone. B. Lyot (I2) from polarimetric analysis has concluded that these kxjght areas must consist of deposits of' 
volcanic ash. But G. P. Kuipel- (') from i.n.fh~-~ed reflectivity curve of volcanic ash thinks that the orange areas 
c~~nno t  be volcanic ash hut of felsite (a silicate of aluminium and pottasium with quartz). A. Bollfus ( 8 )  from 
plar imetr  ic measurements concludes that the bright areas are composed of Limonite, (pure Ferrous oxide). 
l'l+om all these: considerations i t  is ressonnb1.e to l~clicve that. the bright orange areas of Mars ere deserts ol' 
dust or sand from various rocks and ;~lso perl~aps volcimic ash. 



Summing up we may take the view that the'hoar ti.&t theory of the polar caps,and the desert theory of the 
bright areas seem to be well founded, while the vegetative hypothesis of the dark areas needs much more work 
to be done on it before it can be considered acceptable. 
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LOG OF DRAWINCX3 OF MARS DURING 1954 OPPOSITION 

Mean Timtt Seeing condi- Longitude of Heliocentric Tilt of 
$1, Dare U.T. of abser- I lons central mcridi arl lsngitmde: ot' 
No, \*ation of Marti. Mars 
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Rl$I.,A'l.'I!'IS INrl~&WS.ITY DISTK113Url'ION ON h1AR.S IN RED LIGHT DURINC* 
THE ' 1 i5.1 OPPOSITION 

rI'lx relative intensity distri1.1utior~ on the glol~e of Ma~*s lias heen surveyed by photographic photometry 
itlathe :wave-length range 6000 A0-tjGoo A'. 'I'he sux\ri:y lias been carried out by dividing the globe into intervals 
01' thirty degrees longitude; irophotes Imve becn plotted on the diagrams based on W.H. Pickering(1). 

Introduction 

"l'he relative intensity distril~utioxl oi l  the Martian surhce has been visually studied Ly Percival   ow ell 
and his school wliil~ direct measurements with a conventional photometer have been made probably by E. 
Schocnherg (a) alone. However, o w i ~ ~ g  to the minuteness of the Martian disc at the focus of an ordinary tele- 
scope it i s  extremely difficult to conduct any direct rn(:asurclnent satisfactorily. The primary aim of the present 
invwtigation iu to determine by photcrgrapliic photarne:try, the distribution of relative,intensity across the Martian 
disc on an arbitrary scale. 'I'hc rcmlts of' thc  rneasurcmelits are given in the diagmins of the text. 

Observational procedure and equipment 

In1 the ~~resent  ~ v c ~ ~ k  the ti:lcscc)pe usccl l i~r  fi~r111in.g thc image of Mars was the zorinch Cnssegrain reflector 
(by Grub h)  of this observatory. T'he system was ol' 87-rt. effective focal length and worked at S/52 giving an  
image of' about 2.4 rnm dislneter during opposition. Pliotographs of Mars were ,obtained on very f i~s t  Ilford 
panchromatic HP, platcs in combination .ci~ith a red plexi-glass filter transmitting the wave-length region 
Cjooo Ao-6600 he0 A xlumler of i~.rzages wern pllotograpl~ed on, the same plate in rapid succession. 'The exposure 
tirnes werc ~ a r i e d  in order to obtain at least some of  tlie images with densities suitable for photometry, the best 
orres being clrlosen for investigation. Generally the c:xposure time was between 0.5 and 3 seconds. Two sets 
OF' intensity marks with different expusurei; ( I  second and seconds) were also impressed on each plate using 
a carefully calibrated photographic stcp-kvedgc in cornbinsttion with the same red filter. The exposure times 
for the hiass image; and the stcp-~vedge ifr~ngc were kcpt roughly of the same order, so that the SCHWARZS- 
CHILD exponc~it could bc szrfcly tnkcn to bc constant. . All plates were developed .for, five minutes in a standard 
11-19 devt.cle:lopctr;~t ahout 7oo XI' taking the: ustlal pre~~autions. . 

lilrch selected pliotograpllic im;rgr ot' hl;vs ~ v a s  traced live times across its disc roogl~ly at equal intervals 
of space, the central trace coinciding i~ugil ly with its diameter, wit11 a Cambridge Recording Photoelectric 
hlicrophotomcttcr and the convrrsic)n of' clei~sities into intcnsitics was done in the usual manner. 'The image 
lvas once again traced at right angles to the originirl direcl,tion, also five times and roughly at equal intervals. 
(Fig, c ~ ) .  

It was intexided to deter~niizcl t l x  relative inten;;ity distribution on the photographs of Mars taken roughly 
at thirty degree intervals of Martinn longitudes, sta141.ing from near about o0 central meridian. Unfortunately 
it was not possible to labe any photograph of Edars with central meridian near about go0 Nevertheless, the re- 
lative intensity distribution on the Mnrtiarl globe on an arl~itrary scale (each diagram having its own reference 
zone--with an arl~itrary value for it) at the I 954 opposition is shown in figures I -  I r . Conclusions of interest that 
can be derived from these figures are given helow and the conditions under which the photographs of Mars 
byere s.ecured are: inclicated in, Table I. 



Log of Mars Plates ( I  g5~--Op~osition) Kodaiknnal 0 bserwatory 

U.T. Martian Central sky Exposure 
Meridian 

Plate No --. -,-----. ---- P Q cl K ( I  

Date I-lour Intcncl~d hclual Cloud Secing Sccoilds 

KKL-% . . 15-8-54 18 49 0°(360) 3 5 4 O . 1  Thin Cs Good I"-24'' 26O.65 87O.85 1".65 (~~904 17".ag 

ICKL-42 , . . 10-8-54 18 oo 30" 18O.4 Thin Cs Good 1/"--3~' qO. 1 1  87O.65' 1".59 0.915 IW"'O(:) 

KKL--~I . . 9-8-54 r9 15 GoG 5 ~ 0 , 0  Thin As Goocl 1"--;3" 27', r f17° ,61  , !".50 0.918 18', 19 

KKTP-40 . . 30-7-54 17 27 120' 1'1O.7 Tl~ir tAs Good 1"--3'.' 27'42 86O.09 rN.15 0.9.4.1 rsl".r,7 

KKL-12 . . 24-6-54 22 50 xsoO 162'. I As Fair I "-3" 23O.96 34G0,51 o",or o,$)99 2,1".61 

KKL-30 . . 19-7-54 16 49, 2 m0 a I 2' .2 Tllin Cs Goocl I"-I.&" 27". 15 8a0,8t j  o".G,) 0.968 so".$)r 

KKL-29 . . 15-7-54 17 20 240' 25[j0.3 Thin C h  Fair "-3" 2fi0,83 8a0,65 r)". 51 o .!)73 2 I", ra 

KKL-a3 . . 10-7-54 15 S O  270' 268O,3 Thin Cs Good I"-lz*" 2fi0,30 77O.05 n,g#(i QI".6G 

KKL-z4 . . xo-7-54 16 30 3on0 2 8 7 O . 7  Thin Cs Good 1"-a&" 2fiW,30 77O.05 o " . ~ I  cl.:)t36 2 r N . 6 6  

P 2osit;ion angle of the 4 s  of rotation mcasured castwarc from the north point of the disc, 
Q Position angle of the points of greatest clefcct of iliumination, measured from the north point of !he disc, 
q Angilil~r value of the greatest dcfcct in illumination, as seen from the*carth, . . 
K Ratio ofthe area of the illuminated portion aEt11:: apparent disc to the apparent full disc area (regarded i s  Circular) 
d Dinnlcter of Mars, 



( i )  Mare i1ustmlfi.-Appears to be comparatively dark extending up to the southern limb. 

(ii) .Naachis @ Diosczain.--Seems to be brightest in this plzotograph. 

(iii) c1rabia.-Although very I~right its brightness is not as much as that of .Aronclzzls or Dioscuria, 

(iv) Isntenius.--Not so pronounced. 

(v) Mare ISes./)e~ltihs.-Ap~)ears to be darker tl~an,~Sin?rs Meridiani. 

(vi) Polar C:~:/I.-Scems to 11e as bright: as ,Noachis. 

(vii) I.Tel1a.r.--1s not distinct, which is x~nusual. 

( i )  Mare rlttstra1e.-Ratl'lcr hint .  

( i i )  ,;lr;.yyr~.-Quite ljriglit, 

(iii) Cfzryse &? Xanthe,-Seem to be brightest. 

(iv) Lurrac I,ncus.-Appcars to l x  unusually dark. 

(v) M'estern ,.Woach!s.-prnlsably is cloudy while Ea,rtertz ,N'oachis is slightly brighter. 

(vi) ,.iV Polar Cap.-is discernible, 

(vii) Marc .~icidaliun~.-is not clistinctly visible. 

( i )  ,Solis Idacutv.---Ritther small and hint ,  also seems to be at a lower latitude. 

(ii) Polor c@.--Very hrigl-lt and conspicuous, 

( i i  i ) ~llb11.r & pr011~111y Tct7xj)c.-Very bright, 

(iv) Mare ilcidaliueh 61 Marc Borcurn.-Moderately dark a.od of comparable intensity. 

(i) Nortlren~~ Mernnonia.-Brighter t. 

(ii) Castorius Lacus.-Has a shade of darkness. 

(iii) Aoniur Sinus.-Is seen extending up to limb. 

.(iv) Phakfhontis.--1s not visil.)le. 

(v) Mare Sireniutn.--is only moderately dark. 

(vi) The dark zone on the north of  Mernnonia is'Phry~ius Lacus. 



(i) Meninorria 45' <c~/g~~ia.---quite i~righ~,  particularly I I ~e lillnir i . Mcmnonia's N-E par1 is ;I bit 11i.ighttr. 

(ii) Mare Sirenium,--is seen as a dark patch. 

(iii) ~rirrium C1lalantis.-is seen as a small black patch. 

(iv) Polar CU/I.--is seen as a moderately I,rigIlt zauc, 

(v) Mare Chronii~si.--is seen to be cxtcnded u p  to the liml). 

I?i,yru.cr Ci (II . ' !<L-~I) 

( i )  In t h i s  pllotograph 110 detail is visil~le. 

(ii) xep!g))ln, Mcmnotlia @3 ELysirr.vi.--se(:iz 21s I L  111*i!g11 t 13:t ~ ~ 1 1 .  

(iii) Trioium C/.~a~ostis.--is seer1 conspicun:tsly. 

F~RUW 7 (.ti'l;'r,-g~) 

(i) Here only Elysiu!?l rzllrl its surrou~zclings--.-111:ightcst. 

( i i )  ,Prlis Major.-is seen as n very dark patch. 

(iii) Probably tkc black: patch on the N-W siclc ol'f3lysitrrn is ZJhpirr, 

(iv) Mare C/L~O~~~~IPIZ.---~S a vast patch nxerging \vill,l t h e  lirnl) ;mcl  ilxc Soutlz-Pole, 

(v) Probably Marc Tywhcrrnni is seen a s , a  dark pal:r:lz, on thc S-W side beine;,joincd with Marc (.3':iaortsrirn?z 

I+'i,qtiyc! 8 (Klill,-*n~) 

(i) Iily~iu~n, Bc//riolis, Aclhsl.ia, Cebrenin, ctc. ;ire I~riglltcst 

(ii) Sjrrlir Major.-.-.is cluita dark. 

(iii) ,N"lo.yrtis.-is also modcrately dark. 

(iv) Only a portion ol' Isidis lhgio is i)rigl,lt. 

(v) Only a smdl portion oS,leoli.r is seen ;IS a I,rip;11~ ~>aic:h. 

I;i,qure $1 (li"fi*l;-q Y) 

(i) Hcllas, Auso'r~ia 6* Bidania.---f~lIly c o h ~ ~ i r u ~ ~ t ~ ! i  and l ~ i g h t ,  hut Marc I f a d r i a c , ~ ~ ~  @ x ~ n  Locus not discer- 
ni hle . 

(ii) Mnrr! Au,ftrnle.---is seen as a clarali patch tr)~vnrtls t1l.c li~nl). 

(iii) I'robably Jyr1i.f Major is cloudy iinrl is sec:l only :is n shady patch, ni~turally ~ l l c  i~riglltness of ~ l r r i a  
is hidden. 

(iv) Ae6heria.-is seen as a l~rigllt patch. 

(v) Cluriously enough Utojin ** is not vi~j.l>lc, 

(vi) Aet1zioj1i.r.-is also visible, 
.,---I----- --.-".--.--.-.--I-. . -1 ..-._ -I . .. --.".---. .-_ _--- -... ---------. - -  =. 14-1.1111.11" l.. * -. . . .., -,.,-- 

* T I ~  photometry for this p l a t ~  is not sb~olcdcly sclia1,lc as tllc* ~,llc,~ogrs~~hic clcnsity was lsigh. 
**It lllay be, rccallcd that ill 1941 opposition, on th.? satm ~ l i g l ~ i  /N~)voT:I~?cY 81, brlth Mr. W. H. \VHXr1'TC!h4E ': Mr. 13. 

BuRRBLL with tllc same type of oplical nssitlli.incc ~ketcl~ecl  Mars  i v j  111 rxat:rl.). t l~c  sanlr cclmtral ~lzclridian, thc fr~rmcr 3a.w L?ml'OPIA 
.while: the lnttcr did not, sincc tlteir nhscrvatiol~ t i ~ i ~ e s  . ~ \ . c r c ~ i l i ~ ~ ~ & l ~  (+:I, 



( i  j Polar. cap.-is very b1:igllt. 

( i i )  FI~ll~s.--al,so appcars to be vcry brig111.. 

(iii) Zone of .h i i l lo ,y~l is  scelns to  bc darker than shady .5jwlis Mqjot.. 

(iv) {rids Regio.-.--is ; I~SO L~CI'Y l~rigllt. 

(v) ilethiofii,r,----i'1p13e~trs 21s s bright patch. 

(vi) A very l~l-igllt p.&tch i L t  thr: Wcitf:rn I,hnh only soTycitr ths p:cic ice of a l~riqht patch of cloud. 

Figure r r (KKdJ-43) 

( i )  ,,4ioncl~its.,.-sccins to 1~ hrigl~test hem. 

(iii) The bright patch on the N-W sidc of the Figure may 11; Cll,:~.sc,--but i t  seems to 11c slightly displaced. 

(iv) Ll?inus I M n ~ ; ~ n ~ k i ! ~ f i e ~ . - - - - i s  not; so cr>nspicuous. 

(v) ,O,jl.iis Allajo~,.--is only shady. 

(vi) Nortlzesn linlb is ~~11~~suc21fy dark. 

N.B.-The ciot,ted lines of Figure-(5 ;md Figure-8 indicate bnly a prol,ablc value-as no data arc available 
in that zone. 

Owing to the allnost equal rotation periods of the Earth and hlars ii is possibly. to ohserve closely only 
one particular region during opposition from this observatory alonc; naturally the relnainder nf the surliree could 
I,e observed uncler less Favourable conditiol~s. Unfortunately nlost of the nights of ohsetvation at Kodaikirnal 
were not ideal, the "seeing" being impaired by a thin veil of Cirrus or Alto-atratus cloud. As far as practical>le 
photographs ol' better "seeing" tverc chosen. 

It will be noticed that in many cnscs the polar Cap was not diacerniblc; probably on those occasions thc 
solid deposit: of thc Cap was altogether coverecl with a haze cap, which can even blacken the liml, for long 
wave. 1ex1gt;lzs (9. 
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OBSERVATIONS OF MARS AT KODAIKANAL DURING THE 1956 OPPOSIrrION. 

Observniionnl /)roce(!urc.-As in I 954 the equipment used for the photographic observations of Mars during 
the 1g5G opposition was the 20-inch Bhavnagar Reflector using the Cassegrainian arrangement giving a.n 
eff'ective focal length or about 87 feet and working a t  £152. For the visual observatioizs however an 8-inch re- 
lkactor l.)y Cooke was employed in addition to the refractor of 6-inch aperture attached to the Hl~avnagar re- 
flector. Whenever weather permitted, some I o to 15 i~nages of' Mars were photographed on a single plate ill 
quick succession by carefilly sliding the pkate-holcler which is specially designed to have movement in twro dircc- 
tions at  right angles, The times QE exposures for each image varied from about I 12 second to z seconds. 
The best image from each plate is selectecl for  the study of'the planet. Also, images of Mars werc plzotographed 
in light of direrent \\ravelengths using specially sensitized photographic plates. Kodak r a3.-E, 103-G type 
plates were used with red and yel.10~ fil~s,respectivclyresectively while the blue sensitive ~ 0 3 - 0  type plates were employed 
when no filter was used. Every photogrephic plate had two sets of phohtornetric calibratioiz marks made with 
t lie help of a step-wedge. 

 result.^ and L)iscu,rsi~~~.-~~l~e obseruational inaterial for 1956 was very meagre because of unfavourable 
weather, Durilzg the entise period! of our 01~servationaL watch of Mars commencing horn the beginning of 
August 1956 till the end of Qctaber ~ g $  tbe'seeing' was never better than 4 on a scale in which 5 is the l~cst. 

Some interesting featur~s no,ticed 6om the: phetogsaphs of Mars secured on certain cl:ttc?s of reasonal,ly 
satisfactory observing conditlio~s are: given below. 'l'he identification of MartGan surface, details was made with 
the help of the inap of Mars constructed principally from viswat' and photographic observations made Ily Sliphcr, 
Lyot, Camichel and Gentili and G. de Vaucorileurs (l). The times- d observations were also converted to longi- 
tudes or the central meridian of Mwq w, according to the table given in the Handl~ook of the British Ast:rona- 
inical Association for r 956. 

r . r 956 Scj!te??zber 5.-.-Tbce I 233 U.'T'., a= 242*, seeing about 3, with yellow filter. 

South polar cap not seen. Syrtis Major,, Maxe Serpemtis anid Mane Tyrrhenum just visible. Mare 
Sirenurn, Mare Cimmerium and Txivium Claarontis ob~cmed by a bright patch-most probably some ycl,lowish 
cloud over that region of Mars. 

2 .  1956 Se/)tembcr 6.-Time r 649 PJ.,'I'., w = = ~ ' r 7 ~ ,  seeing 3, yeWiow filter. 

South polar cap was still not discernible, The central region of Mars showed more dc:trtil than that r,f 
the prevjous day. Probably the yellotvislz dust cloucl of the previous day had cleared to some cxtcnt, hfare 
Sirenurn seen clearly although Mare Cimmerium led Mare Tyrrhenum did not seem to be well separated s ~ g -  
gesting some yellowish dust haze still present over the region. Syrtis Major, Nuba Lacus, Nodus Alcyonius lyerc 
also seen though the latter two appeared somewha,t .d&, 

3. 1956 ~ c # i e d & 7 g +  Zimc 1808 U.T, a ~ ~ . , : a , e q i a g  ~ w ,  yellow W r .  

'rhe polar cap was still not visible (probably obscured by cloud). Mare Cimmerium, 'Trivium Charon- 
tis and part of Mare Sirenurn i .8 .  almost all portions left of Mare rryrrhenum except a little portion of Marc 
Sirenurn seemed to be covered by yellowish haze. Mare 'I'yrrhenum, part of M. Sirenum and Syrtis Major 
appeared clearly while Nuba Lacus and Nodus Aleyonius could be seen with difficulty. 

4, 1956 September I 2.-Time I 649 U.T., a= I 74*, seeing bout 3. Red filter with Kodak r 03-E type 
emulsion. The south polar cap was still covered by cloud. Only Mare Sirenum, and part of Mare Cimmerium 
wereseen. 



5. 1956 September I 6.-Time 2255 U.'11., o= 22a0, seeing about 3 Kodak I 03-0 type patlt. 

The south polar cap was seen as a small whitish oval patch. Mare Sirenurn, Mare Cimmerium and Marc 
Tyrrhenurn were clearly visible while Syrtis Major, Nuba Lacus and Nodus Aleyonius appeared dim. 

6. 1956 Seplember rg.-Time 224.5 U.T., w= 199" seeing about 3. Red filter with ICodak log-12 typc 
emulsion. 

South polar cap not seen well. Mare Sirenurn, Mare Cirnmerium, Mare 'I'yrrhenum and Trivium Charon- 
tis could be identified with difficulty since the contrast between the dark and I~right areas was exceedingly 
low. This might l~ave heen due to the Martian atmosphere as a, whole having i~ecome very dust-laden. 

Also, on the pliotograi~hs (negatives) taken 0x1 thc Fth, 7th and I oth Scpternl~cr 1956 with red aiicl yellow 
filters, the south polar region appearccl generally as n dark patch while on photographs taken without filter on 
Ijlue sensitive plates i t  seemed somewhat less dark suggesting the presencc or some redclish-yellow ol~scuring 
matter olrer the region. This photogra.apl~ic observation, thougll not conclusive hy itself, was supported 11y the 
\risLlal observations made at about thc sanzt: tilile. Accorcling to t l ~ c  visual ol~scrvations 011 the 6th, 7t11, r at11 
and igth Septeml,er 1956 the south polav cap was not discenlil~le, hut on t l l ~  14th and I 7th it was c1c;lrly visil,le 
as a wl~ite ovi~l patch which was quite small as was to 11c expected Srom the cnnsiderntion that the periocl oSol)sc,r- 
vation corresponded with the end of' spring ancl tllc i~eginni~ig (IF summer on the southern hemispherc of hlars. 

I'hotographs taken with yellow ;3nd red filtcrs beLween tlic 5th ant1 the r 7th Scptcmbrr showed the dcvclop- 
ment ol' dust storms moving nipidly across the region from Mare Sirenurn to Syrtis Major. ?'his exceptional 
display of dust storms as one of the mast striking features of' the 1956 opposition o r  Mars has also i)eerk pointed 
out 11y Icuiper (a) from his analysis ofthe visual observations oF Mars made by him and his assistants during 1956 

Particularly interesting in this context was the lirct that no 'l~luc-clearing' was noticed near ;~boui  thr: 
date of opposition, vir. 7th Septeml~er I 956. 
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