
NASA TT F-i i ! ,d lk  

Translation of. Orbital  'nyJre Appiiraty w s  -2 i Mtrs -3: Rezultaty issledovaniy - 
' poverkhnost i i atnos fery h n s & ,  

Author's mamsc?ipf, Moscoti, 193, 19 pp 

-p-l48la) TBB 8bSS-2 bnD S&1S03 

- - 

~SASA-TT 
OBB1TAL s ~ A C ~ ~ . ~ ~ :  01 T ~ B  
I ~ ~ ~ E S I I G L T I U U  (IF I R E  R A T  S ~ ~ p ~ c ~  1.D 
~ T ~ ~ O S P H S B E  (uanner ( ' ~ 9 )  h".ciat@sl 

U n e l a s  

20 p 9C 13.00 

CSCL 038 63/30 62892 

XATIONAL AEROfiALTICS A N D  SPACE AD~~INISTRATION 
WASHINGTON, D.C. 20546 eEsRU@.Y 1973 



ST ANDARO TITLE PAGE 

" I. nrpofr no. i - --.---I. A-.... -I(r. -. - -  - 1 3. Rocipi.nt's Catdog We. I 
1 

I - ~ ~ A S A  w ~-i?i ,314 I 

j f I A G  SLrRFACX AND ATMOSP:HEXZ 1 . ?. 4~med-.3 

I 

4 ' a. Prfo-rg Org&*;xa?ion No. i 

j V. I. Moroz 
i ;Is. boa Una? No. 

1 

11. Conwact 0. s r  No. 
i XASW-~B~ I 9. Pcrferminp O ~ m i t a t r a  Nar. .nd Addmsa 

I 

- - I k o  ~ & e l e r  Associates ' - 1  3s1iviooG C i t y ,  CA 91363 

] ;?sticnal Aeron+ctics uld Space A d m i n i -  ,,,, ,,,,,. I 

1 st -*ation, Washington, D.C. 2 0 5 h  
L 

I j Tr3aslat ion of Or-~i ta l lnyye  Apparaty Mars-2 i Mars-3: 3esul- I 
! t s ~ y  ~ s s i e d o v s n i y  poverkhnosti i ataosfery  Ma~sa, A ~ t h o r ' s  1 
1 ; z z ~ u s c r i p t ,  XCSCOW, i33, 19 pp 
1 

i 
t 1 

i .- Six Cifferents  is'cre conducted on th2 Pars-2 and Nars-3 I 

- o r b i t a l  spacecraft  s t ~ d y i n g  th? Nartian siinface and lover 
' ztnosphere d u r i r i  acd a f t e ~  a dust  sforni. Surface tem- 

f pera twe ,  s c i l  temperature, dielectric c ~ n s t a n t  , r e l a t i v e  
I a l t i t u a e s  a t  the  planetary surfzce,  surface brightness, 

! %O content, and t h e  densi ty  of t h e  lower atmospheric I : neut ra l  gas and t h e  e lec t ronic  densit; of the  ioaosphere 
' were determinea. I n s t r m e n t s  used iacPdded an *frzred 

radiometer, raciiotelescope, CC2 and M O  pi,otamaters, and I 0 c 1 a photzmster i n  the  3700-6940 A r;tnge. 
1 

\ 

! 
b-- 

1- K e y  Word* (s~(w~.Q by Authoris)) 
I "  

18. Distribution Stat.n.nt 

1 
! -Uhclassii'ied - Czlhi ted I 

i 
i 
i 

/ l P . c z i l * s s i t .  (of thl. C-1 8. Security Ctas:il. (of h i *  .ogel I 21- NO. o l  P4.s ( IZ prim- . 
I 

1 Unclassified Us'lclassif ied  
I I 
i 



. - 1. Introduction . f.- 

- *  S i s  dafferent  experiments t o  study t h e  physical gazme;ers. , . r, 

1 

of the  surface a:16 loxer at.nosphere of t h e  planet x??e 2lzced on 
( 2: h a r d  the  3I.z"~-2 and Xars-3 o r b i t a l  spacecraft:  . , "- 

I - 

1) var ia t ion  i n  s~rfac;e tempeSat8az-e bzscd cr. 7 ~ 5 i ~ t i o n  ' i n  ;< 
.: , .* 

, . <  '? -. . 
the  9-40 p m r a ~ g e  B,2,9, i .' ' 

2 )  var ia t ion  inssoil temperature st a ciepth of sever21 tens ' ' 

* 
of centimeters and- va r i a t ion  f;~ t h e  d i e l e c t r i c  constant 5ased on - .  5 y 

, . 
a r a i i o f r e ~ u e n c y  radia t ion  i n  the  3.4 crn 11-avelength [kJ7, -- -.. c . ,  

.s 
3 )  d i t e ~ m i ~ a t i o n  of r e i z t i v e  a l t i t u a e s  .at the  j lanetarg S:JI>- , . rr'- 

f<$ 

fece  based on t h e  intensity of the  C02.banas a t  about 2 U M  ' . 
fl3zJYJa a .  . 

4) photoelectr ic  neasurensnts of slrrface brightness i n  s i x '  
0 

narrow intei-""1s f ~ o n  3700 'to 13,.800 A fi, 2 , 6 , v ;  
5 )  measureknt of iigO content i n  the sfmosphere based. on the  

i z t z n s i t y  of the 1.33 pm absorption b z ~ d  ~i,2,v, and 
I 

6 )  ~ a d i o  problng of t c e  atmosphere t o  determine the  dens i ty  
of %he neutral  gas i n  t h e  lower atmosphere and t h e  e lec t ronic  den- 
s i t y  of the  ioncsphere [ad7. 

The infrared radiometer Bnd the photoelectr ic  photometer+ f o r  
the J02 ar~d L,O bands and f o r  se lec ted  regions of the continuoils 

L , 
spectrum were described b r i e f l y  e & l i e r  i n  t h e  w o r k s ~ ~ , ~ , ~ , 6 ; ~ , ~ ;  
Table 1 lists the main cha rac te r i s t i c s  of a l l ' t h e  I n s t ~ m e n t s  
( f i e l d  of view a-r..i measuiaenent precisior.) . . .The o p t i c a l  axes 
of a i l  the  instrulnents were parz!. l e l  ar,d t h e  surface and atmo- 
spheric paraqeters yere messwed i n  the  same planetary regions. 

* Numbers in tne  margin ine ica te  pagination i n  t h e  foreign 



- - - -  - '3 an----& ----A- - , ? ~ ~ C ? r n a  2 n d  qn? 7 t .~nzn~?a t . l : r~S .  
r ) l ' l&t lbL&C3u  r r r  uri&.,- --A- - - - - - - a  --- - - -  - - - - - 
d i e l e c t r i c  constant, altit352, p-ossure, a$ %O content i n  t h e  

I 

atnosphere iqere obtained f o r  the  s m e  regions. 
, - 

The i n s t r ' i e n t s  xere h a ~ d - ~ o u n k e d  cn t h e  body of t h e  AIS 

Eutoiaat ic  interplanetz-ji s f a t i o g  3:ne 5G~i- the  zeaa.Lrements 

they ;.;ere orier,ted iri a constzrit d i r ec t ion  usirally with thk 

s o l a r - s t e l l a r  o r i e n t a t i c n  system. ol" the A I S .  On zpproaching the  . 

pcricenter  of $he o r b i t ,  t he  instr-m?nts  icere sicitched on for 
, several  ,minuties p r io r  t q  trazzsif i%- the  17;n!b, vlith a s p e c i a l  

a 

o p t l c a l  serkor. The c; t ical  axes transited t h ?  =lanet usual ly  
alo-rg a l i n e  close t o  a great  c i r c l e  znB t h e  trw-sit from l%b 

t~ lim5 took about 30 minutes. Belo-.-; 1:-e %,ill r e f e r  t o  the  t.race 

of the  o p t i c z l  ax is  on th2 p l a n e ~ a r y  s u ~ f z c e  as the  t r a c k  o f  t h e  .- 
- 4 -  

measurercents- From 2 pre l in inarp  est i i iz te ,  t h e  precis ion x i t h  

;.;hi& the  mezswenent t ~ a c k  ?;as detemined <;as 1-2" based ori 
- .  areogra2hic comdlnakes. ex 

- -- * 
In  the  experiments D-y- a l l '  the  r e s u l t s  a r 2  from M+rs-3, Q -... U .  

1 Its period of revolut ian ifas about 12 d2ys. F I ~ ,  1 shoi.;~ seven 

r n ~ a ~ ~ r e m e n t  t racks  aade i i i t h ,  this spacec r i f t .  

The dis tance at the  per icenter  t o  the  Ear t ian  . surface I varied 
. . a  - someirhat as t h e  o r b i t  +?as evolved 2nd was rocg t~ ly  ir. the  p a g e  

100G-1500 'ian during t h i s  period. The f i r s t  three  t r a n s i t s ,  

15 December 19'71, 27 Decenber 1971, and 9 January 1972, took place 

during a. aust  s t w m  and i t s  abatement, and %he remaining t r a n s i t s  
-- a f t e r  the end of the  dust storm. i n  December, Jznuary, and 
February the  measurement t racks  corresponaing 50 .successive da tes  

0 
' of t r a n s i t i n g  the  per ia res  were sh i f t ed  by about 90 i n  longituds 

, 
x i t h  respect t o  each o tne r . ,  As a r e s u l t ,  sizable sections of 

the  3 February 19'72, 16 February 1 4 2 ,  and 28 February 1972 t racks  

past  close to t h e  15 December 1971, 27 December 19'71, and 9 Jan- 

uapy 1972 t racks ,  and w e  have measurements for t h e  save Kartian 

regions 'obtained during the  storm (aore exactly , during its last 
stage) and a f t e r  the  storm. The 12 March i X 2  t r ack  could 'not, 
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. . 
fo? a number of reasohs, be t l e d  i n t o  the  surface with s u f f i c i e n t  

r e l i a b i l i t y  and i t s  p o s i t i o l ~  as shotin i n  Fig. 1 must be co~s idereo .  
as  approximate. 

Overall, t he  volume oT information obeained x i t h  Mars-3 was 

Li somewhat# l e s s  tharr w i t h  Mariner-3. iio?rever, expepbents  viere 
.coricucted on Mars-3 which :.:el-e generally not incluced on Marksr-9 . , 

(?hetoelectric photometry I n  t h e  near inf rarzd  and v i s i b l e  spzc- 
t r a l  reg5ons and radioastronomical measurements), x h i l e  as f o r  
the  expe~~imenks s imi lar  t d  those conducted on K?--iner'-9 (El- , 

radiometry, opt i c z l  al t  b e t r y ,  and H20 content measurement) , 
2 

the Wars-3 r e s c i t s  a re  of i n t e r e s t  not only as  s~pplementary 
material  s ince -- f i r s t l y  -- they afl'orc! all integrated cons2der- 
a t  i cn  together with pho~one t r i c  ~ n d  railioastronomical data, and - 
-- s y o n d l y  -- they %ere taken with widely d i f ferent  methods. - 

1 - 
In par t i cu la r ,  t h e  measurement of the Hp.O content and C02- 

c 
4 

blt imetry i n  o w  expe-iments were made ' fo r  bands lying i n  the  i 
near i n r ' r a ~ e d  regior,, and the  meas-lrement r e s u l t s  =e ~ r a c t l c a l l y  g 

a independent of the  v e r t i c a l  temperatlire d i s t r ibu t ion .  Eands i n  
the  f a r  inf rared  spec t ra l  region tiere w e d  on Mariner t o  get  the  
sane data,  arid these bznds depend so  s t rongly o c  t h e  v e r t t c s l  
tei~iperhture p r o f i l e  t h a t  they can te observed both Ir, emission, 

' as well  a s  in absorption Bq. Though the analys is  cf the  spec- , 

tya  obtained w i t h  the  IRIS Lrnfrared interr'e~om.eter-spectrometed 
simultaneously y ie lds  ~ l s o  the  v e r t i c a l  temperature pr.ofiie,  the .  
prcblem is grea t ly  complicate8 and, probably, does not always 

' . 
a d s i t  o f ,  a unique solut ion.  The topographic n a t w i a l  ~ b t a i n e d  
wi th  Mariner-4 us ing  Gltraviolef; photcmetry Bg i s  very v a l ~ a p l e  
due t o  t h e  g lobal i tg  of the  coverage, hut requires  a cauticus 

Lappracach since it is s trongly subject t o  the e f f e c t  of inhomogeri- 

e i t i e s  i n  the atmospheric ciust'cont&t. 

Below we gropose t o  b r i e f l y  r e h e w  alraady published d a t a  ' : . 
. I 

ana present new r e s u l t s .  They apply t o  the f i r s t  eix'Mars-3 , . . 3  
3 

sessions. ,  



We are  indebteG t o  N. N. Krupenic ar.d I. B. Drozdovskaya f o r  
giving us the  r e s u l t 3  of the  r c  d ioastronomlca~ experuner~is L C ~ U L . ~  - 

puhlicat  ion. 

We are  a l s o  indebted t o  D. Shneiderman (NASA) f o r  t h e  Mar- 
i n e r  photographs of the blartihn surface i n  t h e  regicns extending 
along t h e  Mars-3 measurement tracks.  In several  cases they L!! j 
ass i s t ed  I n  t h e  in te rp re ta t ion  of measurements. Their compar- - 

li 

i son  w i t h  photometric curves confirmed t h a t  tile t racks  were de ter -  
mined with the  above-indicated accuracy Df 1-2', and i n  the  follow- :i 

: 
ing t h e  t r ack  pos i t ion  can be calculated with t h e  a i d  of t h e  Mar- 

~ :$ 
i n e r  photographs . 

:: 2. Direct Results of Neas ~remerrts 

Figs.  ?-7 give t h e  r e s u l t s  of measurements along s i x  t r acks  9 '  * p 
pertaiiaing mainly t o  the surface.  The brlghtr,?ss inf rared  tem- 3 .J 

4j 
. p e r a t w e  TBy s o i l  tempera&ture Ts s ( a t  a depth of severa l  beci-  

meters) measured on t h e  bas is  of radiofrequency rad ia t ion  at a 
I 

r a v e l e q t h  of 3.4 c m ,  d i e l e c t r i c  constant r , bri.ghtn$ss' i n  the  
conf ifiuous . s2eztium (photometri c prof i f e )  i n  the  near inf rared  
region 3 (1.4 .pm), and alt&r;ude Z r e l a t i v e  t o  the 5 mbar l e v e l  
a r e  presented. Here are a l s o  gi ?n, f o r  comparison ,with t h e  I 

x-1-a G s u l t s  of tne  measurements,' t he  values of G~ - - m i n e  of'  . . 
t h e  s o l a r  zenith dis tance - - '  !and -- t h e  theore t i ca l  mean- , 

A 7 

d,I&nal s.urface temperathre .. 
1 ,  

, Pig. 8 presents separa te ly  the  a l t i t u d e s  f o r  27 December '. , 

, . ' Imi;  he^ '8,r.e $eparate$ , . because kvel- much bf t h e  t r a c k  they 
c l e a r  sefdr :nit' '  t o  the surSace, but t o ,  the cloud cover 

, . s  . , 
. . 

2 . , . .  

, . :. , '  . .: I ' Figs. , ,  . 9-lk' ,qonce~i~r$$e the  r e s u l t s  mairily t o  , , . , . . 
. , . t h e  &t&sph&re: , . , gresspre .. ,, , E ,  H20 content &of i le :  and brightne'ss ' , ' 

0 
. (phdtomktric , :prof i le) ' ,  i n  the  nez.- u l t r a v i o l e t  region o f  3700 A.. ' '- , ' , 

; , r  ;, , " . 0 . " 
. , ' , Hkre .,also. ark gSven , .  . . .  ,,the hzightness a t  the  wavelength of* 4940 A, , , 

. r  , , , s t  t 
' I . :: 'detemjned;Lby.-s,c,att , - er;L'ng "botfi by the '-,surf ace and the  atmosphere, . . , . . . . , ,  : '  , , .  "L.. ' , 

, ' 0 .  
, . : . .  , . arid.th& , t:-Lghtness,; t i t  th( .wavelength of 694@ A, dytemh.ned by 

. .  . . ', <. ,-. . ,.* * . . ( . ,  . scatteritje :m&inly :'by. . thekru'fac& , ( j u s t  a s  f o r  1 .4  ~ m ) .  The - 
' " I ;  1 , I ,  

0 .~ , , . 
" , ,  . . 

, , , .  . (  , , . , I  I -. . ,  . * . . . .  . , I  ;' ' ,  , . ,  , . . ~, . 5 
L '  . , 3 .  . 9 . '  

. I I *  

, . , I .  . .  . . .. 



! l a t t e r  remark i s  va l id  only f o r  measurements taken a f t e r  the 2nd 

i -+. +h- dl--+ n l r r - l n w  the December 1971 and t h e  27 Decem- 
"I "...- rr.--r- - - - - , - - 
ber 1971 tracks  the  brightness i n  both t h e  red and near infrared:  

I 

regions was due s ign i f i can t ly  t o  r e f l e c t i o n  from dust c'lcruds'. ' 
, I  

The,method of processing inf rared  temperatures i s  given i n  

the  p a p e r s s 8 - g .  bie reca2.l t h a t  a wide-band f i l t e r  was used i n  '/i 
-+ o b  ~ad iomete r  anti i n  t h e  region of t he  fuhdamental CO,. absorp- 
1 L 'I ' 

t i o n  bar16 ( ;, 115 pm) t h e  racliation w a s  determined by the  atmo- , +, $ 

i 
L sphere, which, can be co'lher .cr a & n e r 1  thac the  durf ace -- depen- 
g ? 

ding on spec i f i c  conditions.  ,To t+e ' i n t o  c c o u n t  t h e  atmospheric i- t 4 

, * e f fec t -  i n  the  first approximatioc, i n  t h e  ,neighborhood of tile t 

I , !  

15 'band vie in'creased.the meaiured fxuxes by 5 percent (tihich , I .+ 
. . 

L 
.T .. 

.gives a correctior! o f .  ahout :l percent in the  temperature). Ac- ., .i' 
I * i f- 

t v a l l y ,  the  magnitude and s ign  'of t h i s  c.orrection-depend- on t h e  . 3 .?.. 
- + l o c a l  time; atmosphere model, and t h e  zenith a g l e  of t h e  c r a f t .  , i 

Y 

Below we \ . r i l l  sugges't ddetiminikg the  co  >-ect ion f o r  absorption - '  ' 

: 9 . , 
. . -+ Q ' . - 

$ - more exact .1~.  . . . . 
% 

5 
, . The brightness '  i n f r d d  temperature . , , , .  TE . i s : . ~ - & r y  close t q  .the , 

f k ine t i c  ' temperatwe of t h e , ' s k f a c e  l a y e r  Ts . : And. ac tua l ly ,  by' , 
, ,  . . . . . 

t ,  

' .  - . neglecting the 'ifferenee : b e t t ? e e n , - ~ ~  and the.: e f fekt ive  tempera- . , 
. . , , 

I I .  ' 
I '  . ' 

I t u r e  T, ,, we. have I .,. . .. . . 8 ,  , . I >  

4 r 1 

I I 
U . # . . , ,  . , 

I .  ' I  . 

* h  , where B~ i s  t he  oodfficient of r a , c i ' a t i o  i n d  the. inf rared  (range. , , . . 
8 .  ?? 

, :g  . , 
1 .  , A  

~ b o r a t o r ~  . . m e a ~ u r e ~ m e n t s ' ~ ~ ~  f o r  ea r th  mifikrals . .  kield'  p1 6-95> 

I : gd t h a t  'if we assume the ~ * i t i e * , ~ a l ~ ~  f i r  naps, the  differencez , . . t ' ,  ; . ' , . . . :between. T~ :and Te and Ts will b e  :of t h e  ordei* o f :  1 percent.,  he . 

r a t io '  T B / T ~  depeaiis weakly on,  B1, as the  root of the fowth power. 
, . 1 , The -s i tda t ion '? id  e;en,.wkaker i n  the  radiafrequency range, where 

I t h e  r'ollbwing' re la t ionship  nolds : 
. #  . , . 

&l ' T B  = B2TS, ( 2 ) .  
I 

. , H%re t h e  ei*ror due t o  irAeterminacy i n  the  1:ngwledie of B (the 
? . .  

. coeff ic ient  of ?adiat>ioh i n  the  radiofrequkn& is; sanewhat. 
a 

, 6  ' , , . 
$ 

! 
. . , 
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: , ' ,. . , . , The ;me%hod 'of k ' t e r n i n i n i  przssurea and ~ e l a t  ive a l t  it.udes . . I .  

% . ' d  : 0 2 .  . ,  
, .  . , 

.i.. ,- 
, 

.'is' ,ki$e',i i n '  the: wo&s z,.;;~ and the  methou 3f water conte'nt 
, . ' . .  

. . f i  . *  , . 
d e t e k i n a t i o n  is found in z77. * h  C ,  . 4  . .  

: J . . ' ^ .  r ,  ' .# .. 9 .  

! 1 .  

I .   rightness B measurements ;ere talcen only' i n  r e l a t i v e  terms, 
-@. , ' .  

5 ,  -f ' ,  
. * . .  a I '.' 'but '  here  'it i s  ekseh t i a l  t h a t  , the brightness sca le  lk t he  sac- 

4; 

1 :fb; a l l  ' sessiors .  ~ b s o l u t e  brightness u n i t s  p lc t tkd  on t h e  or -  
9 , .  

4 
A I dfliat& axes ' fo r  1.38 pm were obtained on the  assumption t h a t .  ' .' 

. , " '  fir 16 ~ e b r & y  1972 and 28 ~ a t r u a r y  1972 kess lons  t h e  brightness 
0 i .  

a 

I i n  the  ' , l ight  regions i s  'sub jeqt t o  Lambert, I s  l a w ,  and' t h e  br ight -  + 

. *, 
b + - ness coeff ic ient  (vi'slbl'e albedo) f o r  the  slight regions i sA 0.41. ., , 

t . 2 .  
. .  I 

 he f a c t  t h a t  qn Mars during t h e  period when the  measur'e- 
a ments were, begun, t h e  d ~ t  stom s t i l l  corkinued has both nega- 4 

t 1  . . 
, ' ' t iGe and pos i t ive  aspects.  . A negative aspect is  bbvious: the  

i , .  . . 
a a 

4 , prdsbnce of d u s ~  oiouds i f i t e d e r r e d  s i t h  the  photographing of 
5 
I '  
7 the .  surface and reduced the p o s s i b i l i t i e s  of severa l  o p t i c a l  a 

&, 
1: 

LI, 
?.' *. -&. 

, experiments ( ~ ~ 0  and d ~ ~ - ~ h o t o r n e t e r s )  during several  of the  f i r s t  
,ses'sions. Even so, the  dust stom. Drought a benefi t ,  s ince never 
before' werk there  a s  grea t  o;:port~nities f o r  studying t h e  
natul-e .of ,  t h i s '  tremendous and puzzling ghenomenon. 

3 .  When  id t h e  S t o n  Be.gin anct Iiow Much:  id It Affeq+. the  
' . , Results.  df ~ezkuremefnts , , ! - I I ; 

I ,  

, - Relevant p h o t o t b ~ e v i s i c n  images' on : lar lner  were, obtained sys- 
tematica,liy s ince l a t e  3' December, however as fa* a a  .we . . &*judge 

otograihs we' have a t  hFnd .the trahspa&ency of the  Mar- 
t i a n  atmosphereJcontinu~d t o s i n c r e a s e  during t h i s ' p e r i o d .  , 

!' 

. How transparency varied w i t h '  t i n e  can be; traced from:oue , ,, ' 

photometric p ro f i l e s  .'   able' 2 g ives  the .  mare-highland cont ras t ' i ,  
foi 2.38 pm i n  d i ~ f e r e n b  seas.ions..  ere a re  a l k  giken the  ' ' , , 

cosines of t'he zenith angles of thk sun and the  c r a f t  ( p i  and' pp);, ' 
* ,  , . " 

and the  phase a%?-es ; iu .  the acont ras ts  represent'  t he  r a t i ~  ' . ' .  , - 
' .  , 8 

, 
' ' >  

=c - B, , where Bm i s  the mare" brightliess' ( so l id  curve), and Bc i s  . 

$ 3, 6 .  

I 
' ) I  

, the bbaiightneis of t h e  highlands (dashed curve), yielding the  



# ,  I,&b&t i a n  interpolat  ion of ' the br ig l~tness  level' corresponding , , a , , 
, I. 

f 

0 ,  

t o '  t he  , highlands. T,able 2 . a l so  , .  $ives, the  values of the  highlands + 

. # 

: '  
brthtnes 'd  Rmax :corresponding t o  the  'dashe,A ' .s for.eacn t rach .  E', , . ' - .  - .  

m Obviously, i n  genepal they a r e  systematic - -y ri 7td;. on,, 15 Decem- 
i: ber Rmax was,, 15 percent i r e a t e r ,  than i n  t z :  tko l t d t  s e s ~ i o n d  i n  I ,  I 

* ,  ' ~ e ~ r u a r y , .  , . . , .. I . 
ir I I (  

f 
,, ' i 

, I ,  

T A B q E  2: ' 3 ,  ' ?, ' 
# .  

. 
' .  . .. 

*,.a 4 

? r ' ,  

' : ,  ; . :  l B c  -sm. , : , . b ;  . ,  A [ a r : I  ' f 

t: ' Sess,,iori . 
I3C 3 

, r . 19 Dec 71 0.25 M, Cbmerbpii -30 2?2 '0.457 ' 0 . 9 6  ' 52 ' O.4T , 3 3. :B .' ' 
. , 

I . ,  

a i 7 . - 2 6  384 0 : ~ 3 5  .0:992 53 0.43 - 27 ~ e c .  7 i ' 0'. 32 1ap'igia 
. # 

I I .  , 
9 Ja: 72 0.51 ,El. Erythraeum .-?3 29 ,0.606 0.990 54 0.44 

g '  
3 'Feb 72 ,  d,39 .M. Cimrner.ium -30 ' 21; ,, 0.826' ' 0.855', 36 0.45 ' _  

- .  
-r 

, 16 Peb '72 ' 0.56 Iapig ia  . -25 299 ' 0.872 , 0.816 57 $0.41 
:: * +  , 

' ' 28 Feb 7% 0.55 M. Erythraeum -25 -- 30 G.671 0.91% 59, 0 . 1  * .  . 
i 

r. . 
8 2, 

k I . i ' . ,  
8 ,  On 9 January 19'7'2 the  mare-highla"$ cont ras t  'values were ' 

. 

now ciose t C  the va lues~reached i n  the  ~ e b r u a r ~  seSsibns, though 

' t h e  difference ;as s t i l l  present.  - r '  

, > . Atmospheric transparency , c l e a r l l ~  Gepends on l a t i t u d e .  ~e 
l a t i t u d e s  south-of 50.' i n  the  1 6  Decf nber.arid 27 December seasions . '  

1 . t he  profi1,e'B (1.38 pm), contains a . lsxLe n q b e r  of f i n e  d e t a i l s , .  
' w h i l e c l o s e r  ' t o  tnepequator-  t.here, a re  no d e t a i i s  and t h e  maria 

have ' t h e  appearance. of smoot., iainima. O$ 15 December, t h e  'red . , ' 0 I s  

p r o f i l e  (6940 A )  showed' Yrometei Sinus, but Mwe ' ~ I m m e r i u m  was 

aitog&the& a$sknt, from it. \ . .  ' , 
, * 

3 .  

.The keneral '  i m p ~ e s s ~ o n , i s  t h i t  on 15 December and . .  27 December ' i s  

1971 the 'dust  content  of the  a t r~~os ihe re ,  wbs so high t h a t  the.  r e -  , 6 .  % - 
s u l t ~  of measuring pressure,  ' a l t i t u d e ,  , and 'H, 3 conterit f o r  lat i- . 4 

L 
0 

, tude$ north o f  -@ were g r e a t l y  imbaired ,by the  dust'.stoim. - '  )., a 

There i s  s,omi unc&rtainty a l s o  i n  s & i l a r  r e s u l t s  f o r  9. Janwark 
. ,  ' 

1372. SO t h e  curves of 'pressuyes, a$ t  i tudes,  : and' H20 cont'ent 

f o r  , le first ~ e s s i o n s  are,  p l c t t ed  with dashed l ines ,  and f o r  , 

" $ . . 
* .  -9' 

y .  f * . 1 ,,"- , 

P+ . "2 

4 

*a Rm& , 
, . . .  . 

I I ,  



r' d. 

, . '8'7 _ . , .  ~scember -.- . - 1 ~ ~ 2  . . .  these ... .. .. . curves . . . . ... ,.. a re  not given a t  a l l , '  sinbe; i n ' t h l  . - '  ' .. , . .. ,.. . .  f , , ... 
, Session' the  equivalerit CO, bandwidths h e r e  espe6:aliy %all. " 'In; * 

-'$ ' :" 
.' 

a andthei.  tigui-e ( ~ i g .  8) a?; given t $ e $ l t i t u d e ~ ~ f ~ t h ~ ~ % e s s . i o n ; / - ,  - ,  (, -- . ,/,,: . _. , _, -7 

: ', i n  t h e  fallowing 'they w i l l  be, used i n  determining thes .a1t i tude 
, of 'tile 'uppei. 'cloud ce i I im. /  , '  ./ / / .  . ///'-,; ~ - , 

Y 
/ ' C ,' I < ,,- / 

The al tktudes detemined i n  the  .?& Eeo&nber 1971 and 9.Ja-1- -- ,-  a 

, , I . '  .," 
uary' 1972 s&sior.s can pr'6babIy be used ,;:itn e&ion i n  the  , - * .  

9' 
,- . , 

, b' . , pL 
' r o l e  @f some' qualitat'ilre c h a r a c t ' e r i s t i q .  t h e  reznief. 

, , . .- 
a,- . I '  , 

I .  , , / The infrared tenl$&ature found . - f rom/l(adiat - .  . ion  i n  th;..~-li~. 
P I  - ,  ./- 

I- 

' , prn ran& per ta i+  t o  t h e  s u r f ~ , e e / ~ v e n  f o r  the  Cecemb~r . . ,d;Clons: , ,  . .- 
/' . 

T~io arguments carr'be .c i ted. . favoring t h i s  $onclusion: -'I, ' .- t - ,  . . 
,/- - / 

/ -, 
' 1) Atmospheric t ransparency cleal'ly increases x i t h  w&v61ingt,th " 

/' & *  ' ./"/ 
i n  the,  t r a n s i t i o n  from 0'.7 t o l . 4  p.m.. g~ t h i s  i s  , a t t r i b u ~ e d  t b i  ,- - ,:/,' 

, - ' .  . 
' /' : ,- , .- 

, sinall -particle sYzes, khich i s  most h ighly  probable, then.kbr. -, . ,<;- ' 

/' 3, 
- ,  .- 

. the  radia t ion  a t  h ,;"@-;m . , the,-dust clouds m'& bg' coinpleKteiy , - -y - 
/ 

/ , > 
9 / 

f'k , ,r t ~ a n s p a r e n t  . . , I - $ 
- 8 

' 9 

. 2 )  The b o ~ ? d e n c e  of tempkratlu;e oh loca l  time cor re la t e s  L ,  
," 

ql;ite well - ihe t:l&*kticalhepejdence , ,<. c!i~;?ated . without * -  

allowance 3 he stmosphelaf6 rad$&i.cn.. :%here i s  only the  d i f -  
ference t h a t  'the measured tempergtore ~tii.?~:.:.~lies sXdewhat ,- below 
the t i leoret ical  C ~ P V ~ ~  -kccounted ' for by ,the abso*'tion of s o l a r  ,- /' 

radia t ion  i n  the  clauds B, 2 , 3 , g . / & i s  myans p a t  the  n p ~ i c a l  
' .  

tiiickness of the  dust clcuds i s  small in/the bi~. ilitg.--;f h > 8 ,pm.,.-' 
,' / , , . -  

.- d ' . , ,  4. Marcian Surface: Tempe>ature,. S o i l  ensit:-,'andfiti-tudes..-~e-.' - - - - 
I .  ,' , . , .  < . ,  ,' , ,/ . 

Temperslture and %henna1 propert-s 0% tM-; surf  . . ace . layer , 
.r- - , 

,' / ,;* ./'. 

The t heore%ical. e f fec t ive  auri;oe teqpe&+tvris ' ~ ~ , > . w e r k  * ca l -  
/ / 

culnted f o r  d i f f e ren t  v ' a l ~ y - ~ f -  the.. thermal ihor t ia  . .  . ~ ( k  p c)lI2 f o r .  //' , .-- 

values of the' tlntegral albe_llo '.AA 0.25. ., (iigkt' . ' ~ > F ? ~ i b h s )  andf ~8 .=<' ' / i . 
/' 

-= 0.15 (dark xaegions) . The T= pro:zSii+ . . )  Tor  , .  & ~eb&ar~'%nd~- , l9 .  . 
,. 

February 1 3 2  p e  s a t i s k a c ~ r o r i l ~  .a~proximate,d *by!, , t f i eore t . l ca l ,  
' '  /' . i/ 

,,,.- 9 
cu rves  ~ v i t  fi (k p c ) = 0.006 c i l .  cm,;*- seC -?12-+d,g. , .' ..: 

$.' ' 
, , , ,-, . .  I A. . "  

15 and 1 6 ) .  kn exception i s  ,repre'sented by t h e  ,lal5&.tudes . . . . '  
, '  /* ,;?$ 

YI 2 

) . > + b O .  where the  mea&ed t ?mp&rature,3, ak.&ir6ky plukh, b~lch: . , % 
d? 

, . , ! (  
- . ,  > . ' I . I  , 2- 

4 .  , . . ' . . ' .. , , $  ,4-,, . _ '  

10 . .  . . , I '  . , 
,, - , - ,  '+ + 





' A'lt,itx? I ;mfiles also c o ~ ~ ? l a t e  ~xith brwntness -- to a - 
lessr-  2xte3t thw. do f ,rC?~.~~gd.  t=;er~t~c~-es, b ~ t  the correlation 

- - -. - x ~ ~ ~ ~ = ~ t l o r ~ z ~ ~  ZWS exist, .-l.nls csr?e~sti3n is ;lot ah-ags we2l- 

3 5  rta zttzztiox xzr :P~e,-i to I t  l? ti;.? f l y s t  pablicatl%s 
T n  - - - 

~ 1 ; ~ , 2 -  sy c c i ~ : ~ I r i i  alt l ' .xde 9rofiles zrd 'c~ightness profi les ,  
LC 3%~. i-7 x2 c 3 ~  st121 soe t h a t  the 6=keer lvg ions a z z  gefierzi13.y 

hi~&er  thm tho 5eigqborL-5 iL@nte? z-egiori, - 
- .* 

Altitir6es ~ P z t l ~ s  tc t h e  5 tkr Is-.-el in our t a c k &  were 
IZ t e  t -1.5 to 6 . ??e hl@.est z s i o n s  ax, locate5 in 
Fizz k ~ s t ~ 2 l e  ( 3  ZZDGSZZ 1 3 2  ~ r h c k ) ,  S > ~ " , l s  ? r ~ j o ~  (16 F e b r w  

1/32 gyzc;:, z:wLe. & h), .?&*xiduz;t PES-m (25 ?eCri;~c-J' 1x2 track, 
23ozt G a), s~ ti'e lcdest ~ ~ 5 e  in ;-%?a (16 ? e 5 r i g  1 3 2  track, 
3 - :a zrs5 C h r i s  2 5 -  I : :  t . The trac'ks cf 
15 SP~=--  & 25 9 e b r ~ ~ ? y  l m ,  extengrii far into the  53-hern 
l~t i t~ci ts ,  shm- a Sss5exy tows* a s y s t e ~ t i c  ioh-erirg of ziti- 

%cZes 2z fhe rao?thtm kezi is$Pe.  This i s  zlsq shokr, by the 
I.?<LJ ocou2tatior. otservztiors of &z-ir:er &-7. 

-- j. Slrfi3~. ~ ~ E C S T * - . ? P ~ :  - -  -SS*UZZ, S a t e ~  vn-pc, D i t  Storm, and & 
:*&-I&%it~Be C l ~ i i i S  

- Xbsokdte y,"ess-=s values 2etemlned fmrj o - e  observations m e  

not -wIi:,ie e n w i n  fo? firaf concl-dsionk; hoxevor, the apress ion 
is c'otair?ed that  the vaiue of , mbzr is some- hat hlgirtzr thar .  the 

azm -7a2~5. The xzam ~ 2 1 ~ 2  is evidently closer to 5-5.5 ffibar. 

3.5 t3 7 z3b?. 

Fat!.3 ocsuit'atior. o 'cserv~t io& or' Haps-2 gf z ld  pressbnea of 
r-.? -. 3 --I6 mb.3.r 4-1, t h s s e  r c s u i t  a xi11 obvir\11slg be r-?f ined. 

Along %he tracks of lo' February 1972 mad 25 Fzbrua~y 1 3  the 
:.- ..,te:. - va;or coztent in the atnosphere reach2a I.+, = 6-8 urn of 



"ecipitated r a t e r .  Nsriner-9 b7 2nd t e r r e s t r i a l  obserrat  lops 
conducted simultaneously Dg yie ld  a b u t  10 FIE of p rec ip i t a t ed  
~ a t e r  cn the  average f a r  X&S. The zgreement ca-? be regarded as 
sa t i s fac tory ,  considering the  p o s s i b i l i t y  of geographic and time 
~ , , a t i o ~ i  1 - 4  (ma a lzo  c"nar4es lr o-m cz l i3 ra t ions ) .  The r i s e  i n  
uG i~ t h e  p r i o d  Prom December t o  Febru~:~y, f o w 3  by neasurements 
on Na~s-3,  xas hdepenciently colnfi?rmed t jt t e r r e s t ~ i a l  observa- 

-,-- t i ons  LloJ. Tnere is  some cor re la t ion  betk-een x a t e r  content i n  - 
a v e r t i c a l  column and prassure, as must be t h e  case i n  t h e  ab- . - 

secce of s a t - u a t i ~ n  ( the r e l a t i v e  humidity xas of the  oMer  oP 
severa l  percent) eveqh'heh'?e; x i t h  the  exce2tion of the  cold regions 
fn tne  n o ~ t h e r n  h$misptrere. The abrupt cirop i n  h m i d i t y  a t  l a t i -  
tudes north of +joO icas &cmpaiied by t h e  formation of near- 

F: 
polar. clouds s t rongly s c a t t e p a  UV-radiation (cf .  Fig. 13). C!n f 
the zverzge, tho x z t e r  vapor c o n t e ~ t  in t h e  -lHartian atmosphere 

1 P 
i n  t h e  measuremeat period :$as severa l  times l e s s  than Ir, cne ... - 

~S 
same season as , s h o i i ~  by t e r r e s t r i a l  observa%ions d u r l n g  the  perioci . 
of the  preceding o p p o ~ i t f o n s ,  4 

.-- 5 
Dust storm 

b e e  we wiil dea l  with three  problems -- a l t i t u d e  of the  
J 

c i o ~ d s ,  g&t lc le  s i zes ,  and t h e  e f f e c t  of t h e  dust s t o m  on the  ,& 
thermal conditions of t h e  surface.  

a) Cloud a l t i t u d e  
I 

Very low pressure ( d ~ i k i  t o  2 mbar) , and a l t i t u d e  (down t o  
10-15 h) values were cjtalrled f o r  the  27 December 1971-track 
( i n  the zone l y i r g  m r t h  of -30') a f t e r  p r o c e s s i ~ i  of the  C02- 

.+ 

photometer observations using the  standard methrd. It i s  na tu ra l  
t o  assume t h a t  these pressures 'an5 a l t i t u d e s  refer t o  some ef fec-  
t i v e  r e f l ec t ing  l e v e l  i n  the clouds. Thus, t h e i r  a l t i t u d e  proves 
t o  be of the  order of t h e  a l t i t u d e  zf t he  homogeneous planetary 
atmosphere. Similar r e s u l t s  were obtained i n  the t e r r e s t r i a l  

observations of the  author a d  0. G. Ta~anovs  - /5:g, ana also by 
Parkinson and IIurlten By- The d i s t r i b u t i o n  of tenperat-we w i t h  



Our estimate is based on the  s ~ p l e  f a c t  t n a t  the  transpa- 

rency of $he clouds at  the  1.4. p a  wzvele-ngth is markedly higher 

than a t  the  0.7 p m  xz-relengtf.,. -This  is  especia l ly  c l e a r l y  e v i -  
32nt from a comparisun of the  red (0..59& pnl)  and 5nr'r-ed (1.33 
gm) prof i l a s  of 15 3eceaber 1971. Since the cloua albedos ( a i d  

tiitis a l s o  the  t r u e  absorption) a t  thssc  tvavelerqths zre nearly 
ident ica l ,  the dilference ir- transpaxnsncy can be a t t r i b u t e d  only 
t o  the  qiiite small r a t i o  of I ~ - 3 i u s  t o  wzvelength. A? a2proxinzte 
qJap+- ,,A,,,>:e -? - .. - corlsidezation yields t h e  estitoate indicated above, 

F 1 #in. 

The op t i ca l  thickuess r a 

(rhere aZ is  t h e  coeff ic ient  of ~ n t i n c t i o n )  w ~ s t  be ebout 3 
f i j ~  1. LZ ~ ' 2 :  =d m r e  than 6 for 0.7 p m  in order to expizit? t h e  
15 December l9l ~ b s e ~ v a t i o m  at t h l s  r d i u s .  

It i s  very important nct  t o  err in t h e  inean estimates of 
p a r t i c l e  s i ze  fo r  the  e n t i r e  conceyL of t h e  a u s t ' s t o m .  If par-  

t i c l e  s i z e s  a r e  cf t h e  order of 1 p m ,  t h e  p a r t i c l e s  can be sus- 
pended i n  t h e  ~tmosphere f o r  about 100 days and strong v z r t i c a l  
movenents i n  the atnospher: a r e  not required f o r  protqzzted per-  
s i s tence  of the  &st clouds. Ir. t h i s  case, the  dust stp;n is a 
storm i n  t h e  common S ~ n s e  cf t h e  YO& only i n  t f i e - i n i t i a l  ataee,  ..L.& - 
but then the wind ve loc i ty  is red-iced and the  second phase -- , t h e  ' 

. - 5  
phase of slch- se t t l i ng  -- s e t s  in .  

, * 

But if the estimate ;3'f k o v j  et a l .  is vaii'd, a r i  t h e  pz"icles ,' 

are la rger ,  t h e  s e t t l i n g  time i s  o n l y  sev.era1 days  . 'and . t he re  must 
be strong atmospheric movement.; throughout tile, pe?iod i n  which . 

t he  d b t  clouds a re  obseried for the dust clouds t o  p+.rsis.c. - 

. -3 
,The o a t i c a l  thic'mess T , . 3, =: 19 c m  with the density' 

2 7 

p : .- 3 e/cm. yield a m a s s  of dxst in a colmn 1 ca- i n  cross- 
2 

sec t ion  of about g/c/cn , which corresponds t o  a gass of dust 
kigl l ini  109 to& i n  the  atiaosphere of t h e  e n t i r e  planet .  , - , 

. - 

, . 15 . 
f 

, , . 3 .  . L 

.- 



., 

c) Sf fec t  o f - t h e  dust storm on t h e  p l a n e t a ~ y  thermal ~epime 

A s  indicated,  the  s.wface temperature d~wfng the  d u s t  storm 

gecre&ses.. Tnis 2s a ccnaequznce of the higher transparency cf 
the dust clouds f o r  t h e  depz- r t i~g  1origi;zve planet s r y  radiat20ni 

than f o r  the 'sho~tiizve r - l s r  rzdiatior;.  ' ~t is na tu ra l  t o  c a l f  
t h i s  e f f e c t  t h e  antigreenhouse e f f e c t ,  s i cce  it is opposite i n  

s i g ~  t o  the  greenhouse e f f e c t .  A semiquantitative analysis of 

the  p l z n e t a ~ y  t9ermal Salzincs \$hen t h e  antygrezrhouse e f f e c t  Is 

' p e s e i l t  has been gres6nted i n  a work 3y Ginzburg By- 

. .  
. A ,- ' .  ~ r i  t h e  l a  F.ebruarp'lfl2 a& 22 F e b r u q y  1 9 2  trzicks thz  ul t ra- '  

- v i o l e t  p r o f i l e s  khotied a sharp r i se  i n  b r i g h t ~ e s s  upon t r a n s i t i n g  
I 7 ' 

t h e  l a t i t u d e  a t  about 55-NO. Mariner photographs o ~ t a i r i e d  i n  * 
. -2 

- t he  same regi,oris, sever& 6 a p  later, demonstrate,.bright clouds . . -  
- - , . 1  . 
C' . 

' here These clouas sho;:: 'up p r a c t i c a l l y  r,ot a t  a l l  ' i n  t h e  n?= 6 := 2 

inf rared  s p e c t r a l  region, from xhich t he  following may b e  con- ;$ - xi 

1: -- eluded: ' 3 
2 . 1). -particle s i z e s  are' small ( tenths  of a micron), ana 

2) the clouds z--e e n t i r e l y  transparent t o  surface r a d h t i o n .  

i n  t h e  fa? inf rared  region, and t h e  temperature ceasured heye : 

per ta ins  t o  the  surface.  

Though the  surface tempe:atures i n  t h i s  region . &e , c.iosea t o  , , 

t h e  C02 condensation poin t ,  it is not necessary t h a t  the high- ' &2 
. ., - -  ...% ' *; 

l a t i t u d e  clouds consis t  of s o l i d  carbon dicxlde,; since here a ,  * ,  g.: , A 

8% temperature illversion i n  the  atmosph2re is  possible. ,, lir,oni t h e  
. s; 

- H,,0 p r o f i l e s  vie can see t i n t  water vapor ?isappear.s- here Five .?if?; 
. k 
3: t o  t e n  micron? of? precipi taateduater  i n  t h e  form of small-radius 

I '  

Ice p 'art icles can provide o p t i c a l  thicknesses . . 7- 1, occurring 
, . 

i n  the  shortwave 'region of t h e  spectrum. 
, . . . " % 
, . $4 

. . 
' t 

. . , , , . I .  

- r e  
I 

, . 
I ,  

, . . a 
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a l t i t u d e  obtainec? i n  t ~ o  Xariner experiments [~XIS, cf .  Li') an3. 
radio occul tat  ion ~ c e a s ~ e m e c t s  L'i:g indepenciently indica te  a high 
cloud clt  i tuae.  

5) E s t k a t e  of p e r t i c l e  s i z e s  

%e i - i i l l  axell or, t h i s  problerz in gr5zter d e t a i l ,  s ince  here 
thzre  a r e  contradictions bekxeen 6iZferer:t authors.  Moroz et a1 
B,2,~7 give the  estimate 

r = = 1  p m  - 
Pang m.ci Hold indica te  a c lose  vzlrre ~y&~: 

T - 2  u r n .  

Leovy et  a l .  give 2 nuch Zarger radius  L%y: 
r ..in!. 

.$I1 -three e s t l n a t e s  a r e  bas26 on p h o t o ~ e t r i c  argments. O f  

coxzse,  dust  clouds a r e  inho~slogeneous lr, d i f f e r e n t  regions and at  
d i f f e ren t  a l t i t u d e s  p z ~ t i c l e s  of d i f f e ren t  s i z e s  ca:; be present. 

However, t h e  method used b;- t h e  silthor'k ,@g l a i s z s  fuacmenta l  
objections.  Their considerations a o u n t  t o  t h e  f o l l o x i w :  

1) Tic albedo of clouds i n  t h e  -:isual s p e c t r a l  regLon i s  

small ( a 0.131, which meari that t h e  albedo of s ing le  s c a t t e r -  
ing i s  small, and t he  s ingle-scat ter ing a l b ~ d o  is  t h e  smaller, /13 
the  l a rge r  the p a r t i c l e  s ize .  Yithbit   resenting the- calcula-  
t ions ,  the  aut'nors L T ~  s t a t e  t h a t  t h e  slbedo observed can be 
at ta ined  only f o r  dircensions bf several  tens  of mlcrons. 

2) There a re  photometric and radiometric arginnents i n  favor 
of the  view t h a t  t h e  swCace layer conPists of grz ins  severa l  
tens of microns i n  s ize .  The authors mJ believe It is na tura l  
t o  expect t h a t  dust ciouds consis t  of p a r t i c l e s  of the  same . s i ze .  

. aofh arguments . - do not appezr convincing t o  as. The s F e  
p a r t i c l e s  nave much I s ~ g e r  albedo values of s ingle  sca t t e r ing  . - i n  -J-$ 
t he  red and near infrarec! spec%ral  regions, and the  sixes cf i 

t ;s ' . sur face  l a s e r  grains obvioUsly can be much la rger  than t h e  mean fp . 'F 
s i z e  of p a r t i c l e s  suspe&ed i n  the  atmosphere. 2 
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CAPTIONS> TO FIGUFES 

, . Fig. 1. Mehsurement t racks  of Mars-3. /ls 
F i g  2.  Results of measureme~ts along'the 15 Dezmber 191 

I 

t rack.  Drightnrtss i r f r a r e d  temperatuM TBy s o i l  temperature 
(calculated from radiof requ~~ncy radia t ion) ,  Tj,, b$ightne ss 

. B (J.& p m) i n  the cohtinuous spectrum near 1 .4 p m, die lec-  
t r i c  constant of s o i l  c , a l t i t u d e  Z r e l a t i v e  t o  the 6 mbar . . 

*.  . - 
' leve l ,  T, --  calculated *meari-dPurnal temperature, and P I  -- , 

cosine ?f zeni th dis tance of' t h e  sun. 

J?igs: 3-7. A s  above, f c r  the  remaining f i v e  tyacks from 27 Dee- 
. * 

1 

ember 1371 t o  .28 F e b ~ u a r y  1972. 

. F i g .  6. ~ l t i t u d e s  based'on 27 December neasur.emsn',s. I n  tha  
r i g h t  pa r t ,  the  a l t i t u d e s  irndoubtedly: ' r e f e ~  , to  t h e  upper cloud 

' ce i l ing ,  and .not t o  'the sur lace.  Alt i tudes along the  coincil- 
devt sect  ion d f  ' the 16 6ebruzry 1972 trsacli a re  given by the' 

i .  

dashed l i n e .  
I . .  

FQ. 4. Resul t s  of ~easurements  along the  15 December 1971. track..  

The I-$'o content,,  pre'ssure, .br ightness  a t  the wavelengths of . 
0 

, . 6940, 49110, and .3760 A, -- cosine of t h e  z ~ n i t h  dis tance , 
, . 1 )  

of the  sun, and B2 i s  the  :coalne of the  zeni th a is tance  of . 
t he  spacecraft .  , . . ,  



Figs. *lo-14. As above for the remaining five tracks. 

Fig.  1 .  Comparison of measured and calculated temperatures'for , 

the 16 February 19'72 track. 

Fig. 16. As above for t n ?  28 February 1972 t rack .  ' ' 

FOOTXOTES 

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