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Dear D r .  Brunk: 

This i s  the f i n a l  r e p o r t  on NASA Contrac t  No. NASr-65(19) 
( I I T R I  P r o j e c t  W6142). 
s t a r t i n g  d a t e  of November 1, 1966 i n  order  t o  encompass a pre -  
l iminary observing run i n  l a t e  November. 
terminat ion d a t e  of January 31, 1968. 

The con t r ac t  was given a r e t r o a c t i v e  

It ran  t o  an extended 

1. INTRODUCTION 

The purpose of the research c a r r i e d  out  under t h i s  con- 

t r a c t  was t o  redetermine the  carbon d ioxide  and water vapor 

con ten t  of t h e  atmosphere of  Mars. 

o t h e r  i n v e s t i g a t o r s ,  the carbon d ioxide  abundance can then b e  

u t i l i z e d  t o  d e r i v e  the  atmospheric su r face  p r e s s u r e ,  an impor- 

t a n t  q u a n t i t y  from both a s c i e n t i f i c  and an engineer ing s tand-  

p o i n t .  

Using observa t ions  made by 

The d e r i v a t i o n  o f  t he  abundance of an absorb 

depends on the following r e l a t i o n .  provided the  l i n e  
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i n  which W i s  the equiva len t  width o f  t he  l i n e  i n  the  p l ane ta ry  

spectrum, S i s  the l i n e  s t rength ,  7 the  e f f e c t i v e  a i r  mass, 

and w the abundance of gas i n  a v e r t i c a l  column under s tandard 

condi t ions .  W e  a r e  fo r tuna te  i n  having good labora tory  va lues  

of S f o r  a l l  the l i n e s  t h a t  were observed. These  values  mu$t 

simply be reduced t o  assumed condi t ions  i n  the  Martian atmo- 

sphere.  The value of 2 i s  more sub jec t ive ,  b u t  i t  can be 

demonstrated t h a t  a value near m- i s  a ve ry  good approximation 

f o r  weak l i n e s  observed across the f u l l  d i s k  of the p l ane t  

(Owen and Kuipe r  1964). We may thus concent ra te  on measure- 

ments of W, and these  a r e  described i n  Sec t ion  3 .  

I n  order  t o  make an advance over the r e s u l t s  obtained 

i n  1965, some improvements were requi red  i n  the techniques 

used t o  record the Martian spectrum. For tuna te ly ,  a s  descr ibed 

i n  Sec t ion  2 ,  ins t rumental  developments a t  the McDonald and 

X i t t  Peak Observatories d u r i n g  the in te rvening  per iod p e r m i t -  

red such improvements t o  b e  r ea l i zed .  I t  w a s  thus poss ib l e  

.o record more l i n e s  i n  more bands (and wi th  considerably 

g r e a t e r  r e l i a b i l i t y )  than i n  1965. 

Once the abundance of carbon d ioxide  i s  known, the a t -  

mospheric su r face  pressure may be determined from observat ions 

of  s t rong ,  pressure  broadened bands. Since t h e  r e s u l t s  of 

the  1965 oppos i t ion  were published, t h e r e  have been new obser- 

v a t i o n s  of these  s t rong  absorption bands a s  we l l  a s  new 
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ana lyses  of  o ld  observa t ions .  These matters are d iscussed  i n  

Sec t ion  4 which i s  followed by a d iscuss ion  o f  some o f  t h e  ways 

i n  which a d d i t i o n a l  improvements i n  the  d a t a  can be achieved.  

2. OBSERVATIONS 

Spect ra  o f  Mars were obtained dur ing  the  f ive  s e p a r a t e  

observing runs  t abu la t ed  below: 

1. November 20-27, 1966 McDonald Observatory 

2. February 21-March 3 ,  1967 McDonald Observatory 

3 .  A p r i l  16-April  22, 1967 McDonald Observatory 

4. A p r i l  24-April  27, 1967 K i t t  Peak National Observatory 

5. June 24-July 3 ,  1967 McDonald Observatory 

The p l a n e t  was a t  opposi t ion on A p r i l  15 and thus t h e  two A p r i l  

runs  were i d e a l  f o r  s t u d i e s  of the  C 0 2  absorp t ions  s i n c e  the  

apparent  diameter  of t he  d i s k  was a t  i t s  maximum value .  The 

'ebruary and June runs  were designed t o  t ake  advantage of t h e  

favorable  Doppler s h i f t  t o  search  f o r  water vapor l i n e s ,  while  

the run  i n  November had only  a prel iminary r o l e  f o r  the  Mars 

v'ork, v i z . ,  t o  eva lua te  t h e  e f f e c t  of new improvements on the  

McDonald coud& spectrograph.  

A s  i t  turned ou t ,  n e i t h e r  of  t he  a t tempts  t o  observe 

t h e  water vapor spectrum was success fu l  owing t o  ins t rumenta l  

d i f i i c u l t i e s  ( i n  February) and bad weather ( i n  June) .  Although 

several  spec t r a  of the  8200 and 9400 A reg ions  were obta ined ,  

they  lacked the  r e so lu t ion  requi red  t o  g ive  any a d d i t i o n a l  i n -  

formation on t h e  water vapor problem. 

0 
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The s i t u a t i o n  was very d i f f e r e n t  i n  the case  of  the  

observat ions near  opposi t ion.  The success fu l  i n s t a l l a t i o n  o f  

the Carnegie i n f r a r e d  image t u b e  i n  the McDonald coudb spec- 

trograph permitted the th ree  carbon dioxide bands near  1 . 0 5 ~  

t o  be  recorded wi th  ease.  

provement over condi t ions  a t  the l a s t  opposi t ion when only the  

s t r o n g e s t  l i n e s  of the  1 . 0 5 ~  band could be de tec ted .  I n  addi -  

t i on ,  the a c q u i s i t i o n  of a 1200 line/mm g r a t i n g  f o r  t he  K i t t  

Peak 84-inch coudd enabled the  8700 A band t o  be recorded a t  

a r e c i p r o c a l  d i spe r s ion  of 2 A/mm, a ga in  o f  a f a c t o r  2 over 

1965. 

This represented an enormous i m -  

0 

0 

A s  a r e s u l t  of these two improvements, a number o f  high 

q u a l i t y  

purpose 

3 .  

3 .1  

spec t r a  of the weak C02 bands were obtained f o r  the 

of r e f i n i n g  c u r r e n t  es t imates  of the  C 0 2  abundance. 

THE ABUNDANCE OF CARBON DIOXIDE 

The 8700 A Band (5v3) 

I n  the pas t ,  the g r e a t e s t  weight i n  the d e r i v a t i o n  of 

0 

the Martian C 0 2  abundance has been given t o  measurements of 

t h r e e  l i n e s  i n  the R-branch of the  8700 A band: J = 8, 10, 

and 12 .  During the 1965 opposi t ion,  i t  was poss ib l e  t o  observe 

some l i n e s  i n  the P branch a s  w e l l .  The ga in  i n  r e s o l u t i o n  

a f forded  by the new g r a t i n g  a t  K i t t  Peak has made the measure- 

ment of the P branch l i n e s  very easy, i n  add i t ion  t o  improving 

the r e l i a b i l i t y  of the ana lys i s  of the  R branch. Figure 1 

shows a reproduction of one of t h e  b e s t  K i t t  Peak spectrograms 

of Mars with the corresponding region of spec t r a  of Venus and 

the sun f o r  comparison. 

0 

Whereas only PJ = 12 ,  14, 16, 20, 

IIT R E S E A R C H  I N S T I T U T E  

4 



and 22 were observed i n  1965, the new spec t r a  show J = 2-10, 

18, and even 28. (J = 24 and 26 a r e  p re sen t  b u t  a r e  blended 

wi th  s o l a r  l i n e s . )  

S imi la r  improvements a re  v i s i b l e  i n  the  R-branch. The 

Venus spectrogram shows the  l i n e s  doubling back from the band 

head and c l e a r l y  i n d i c a t e s  t h a t  the  c o r r e c t i o n  used t o  account 

f o r  these  l i n e s  i n  previous work on the Martian C 0 2  abundance 

i s  indeed necessary.  Figure 2 conta ins  a t r a c i n g  of the s o l a r  

spectrum taken from the  Lidge At las  compiled by Delboui l le  and 

Roland ( a )  and two t r ac ings  of the  5v3 R branch i n  the  spectrum 

of Mars (b and c ) .  Tracing (b) i s  an average of spectrograms 

obtained i n  1965, while  (c )  i s  a s i n g l e  t r a c i n g  of one of the  

1967 p l a t e s .  The improvement i n  r e s o l u t i o n  and s i g n a l  t o  noise  

i s  r e a d i l y  apparent .  

The th ree  b e s t  p l a t e s  were reduced using the same pro- 

cedure followed i n  the  previous a n a l y s i s  (Owen 1966). Averag- 

ing J = 8/40, 10/38, and 12/36 together  i n  the  t r a d i t i o n a l  

fash ion ,  one obta ins  a value of  w = 68 m atm ( the  a i r  mass 

T % T  and the  value of S was the same one used i n  1965). 

i s  v i r t u a l l y  i d e n t i c a l  w i t h  the f i n a l  value of 67 m atm ob- 

t a ined  by the wr i te r  during the previous opposi t ion.  However, 

much a d d i t i o n a l  information i s  a v a i l a b l e  with which the R-branch 

da ta  must be combined t o  obtain a sounder value f o r  the abun- 

dance. 

This 
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3 . 2  The Bands Near 1 . 0 5 ~  

A s  mentioned i n  the discussion of t h e  observa t ions ,  one 

of the g r e a t  improvements over r e s u l t s  obtained i n  1965 was the  

success fu l  recording of the  t r i a d  of bands near  1 . 0 5 ~ .  

of increas ing  s t r e n g t h ,  these  a r e  4 v 2  + 3v3 ( 1 . 0 6 ~ ) ,  2v1 -t 3v3 

( 1 . 0 4 ~ ) ,  and v1 + 2 v 2  + 3v3 ( 1 . 0 5 ~ ) .  

s t r o n g e s t  bands i n  spec t r a  of Venus and Mars i s  shown i n  F igure  3 .  

The 1 . 0 6 ~  band was only marginally de t ec t ed ,  but  enough l i n e s  

were recorded t o  p e r m i t  an average of two sets  of two l i n e s  

each ( i n  t h e  P branch) t o  be determined. 

I n  order  

The appearance of the  two 

A t o t a l  of seven spectrograms was used t o  ob ta in  equiva- 

l e n t  widths of t he  C 0 2  l i n e s .  

e s s e n t i a l l y  the  same a s  t h a t  followed i n  the case  of the 0 . 8 7 ~  

The reduct ion  procedure was 

band. The va lues  f o r  the l i n e  s t r e n g t h s  were computed from 

l abora to ry  da ta  k indly  made ava i l ab le  by Boese, Miller,  and Inn; 

t he  e f f e c t i v e  temperature i n  the Martian atmosphere w a s  aga in  

assumed t o  be 200'K. In  order  t o  i n d i c a t e  the r e l a t i v e  

5 t rengths  of the four  bands t h a t  have been analyzed, a t a b l e  of  

the va lues  f o r  P(16) i n  each band a t  T = 200°K i s  presented 

below. It  i s  apparent  t h a t  the  range i n  va lues  i s  s u f f i c i e n t  

L O  iugges t  the cons t ruc t ion  of a curve of growth f o r  C 0 2  absorp- 

t i t  I i n  the  Martian atmosphere. 
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Table 1 

RELATIVE STRENGTHS OF MARTIAN C02 BANDS 

Band - 
1.051 
1.04 
1.06 
0 .87  

S (P16) 

0.281 cm-'/km atm 
0.102 
0 .047  
0.023 

3.3 A Curve o f  Growth f o r  C02 

The t r a d i t i o n a l  curve of growth i s  cons t ruc ted  by p l o t -  

t i n g  the  log  of some dimensionless func t ion  of equiva len t  width 

- vs.  a s i m i l a r  func t ion  of the product o f  l i n e  s t r e n g t h  and the  

number of absorbing molecules. 

twice the  Doppler h a l f  width (yD) t o  p e r m i t  easy comparison with 

t h e o r e t i c a l  curves of growth. 

molecules i s  t o  be determined, o u r  absc i s sa  i s  s i m p l y  the log  of 

the r a t i o  of l i n e  s t r e n g t h  (S) t o  2yD. 

l i n e s  w e  have observed l i e  on the l i n e a r  p a r t  of t he  curve of 

growth, then a l i n e  drawn through the  p l o t t e d  p o i n t s  should have 

u n i t  s lope .  The sepa ra t ion  o f  t h i s  1ine.from a l i n e  of u n i t  

s lope  drawn through t h e  o r i g i n  w i l l  g ive  the number of absorbing 

molecules,  our unknown. 

We have chosen t o  d iv ide  W by 

Since the  number of absorbing 

I f ,  a s  we expect,  the C02 

A curve of growth based on the observat ions of a l l  four 

C 0 2  bands i s  given i n  Figure 4. 

d i v i d u a l  po in t s  i s  a l e a s t  squares f i t  t o  the observat ions,  

except  f o r  the s t ronger  l i n e s  i n  the 1 . 0 5 ~  band. The l a t t e r  were 

The l i n e  drawn through the i n -  
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, 

excluded s i n c e  i t  i s  apparent  t h a t  they do n o t  l i e  on the  same 

l i n e  a s  the  o the r s .  I n  f a c t ,  they appa ren t ly  correspond t o  the  

t r a n s i t i o n  region of the curve of  growth. 

the remaining po in t s  l i e  on a l i n e  wi th  a s lope  of 0.97, essen-  

t i a l l y  the l i n e  wi th  u n i t  slope which we had a n t i c i p a t e d .  

On the o the r  hand, 

The mean sepa ra t ion  of t h i s  l i n e  from the  l i n e  through 

the o r i g i n  i s  given by 

log  NJ = -0.630 

where the  u n i t s  of NJ a r e  km atm. 

w e  o b t a i n  NJ = TW = 235 m atm, 

w = 75 m atm. 

Solving f o r  the abundance, 

Again assuming ~ ) C T ,  we f ind  

This  r e s u l t  i s  i n  reasonably good agreement wi th  the  

va lue  of 68 m a t m  based on the t h r e e  R branch l i n e s  from the  

8700 A band, bu t  i t  has the g r e a t  advantage of being der ived  
0 

from a t o t a l  of 19  l i n e s  i n  three d i f f e r e n t  bands. The mean 

e r r o r  corresponding t o  t h i s  a n a l y s i s  i s  2 20 percent .  We may 

thus express  the  f i n a l  r e s u l t  a s  

w = 75 +, 1 5  m atm (NTP) 

3 . 4  Discussion of R e s u l t s  

Unlike the  ana lys i s  c a r r i e d  ou t  i n  1965, no a t tempt  has 

been made t o  c o r r e c t  t he  derived abundance f o r  poss ib l e  system- 

a t i c  e r r o r s  i n  the eva lua t ion  of  the equiva len t  widths.  There 

a r e  two reasons f o r  t h i s :  F i r s t ,  t he  new s p e c t r a  o f  Mars have 

a higher  r e s o l u t i o n  than the labora tory  s p e c t r a  used a s  c a l i b r a -  

t i o n s  f o r  the  1965 observations.  There was a s t rong  i n d i c a t i o n  
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t h a t  the systematic  e r ro r  discovered a t  t h a t  t i m e  was r e so lu t ion -  

dependent; the underestimate of  the  abundance was l e a s t  a t  the 

h ighes t  r e so lu t ion .  Hence the  higher  value of the der ived 

abundance obtained from the present  r e su l t s  may be considered 

a s  a measure of the  inc rease  i n  the  r e s o l u t i o n  of  t he  Mars 

s p e c t r a .  (Similar  e f f e c t s  have been repor ted  by D. H. Rank i n  

the case  o f  l abo ra to ry  spec t r a  of hydrogen,)  

The second reason f o r  no t  a t tempt ing  t o  c o r r e c t  f o r  

systematic  e r r o r s  i s  the g rea t e r  randomness of the p re sen t  da t a .  

Using two d i f f e r e n t  se ts  of absorpt ion bands recorded wi th  two 

d i f f e r e n t  spectrographs employing two d i f f e r e n t  techniques con- 

s i d e r a b l y  reduces the chances f o r  systematic  ins t rumenta l  

e f f e c t s .  A s  an a d d i t i o n a l  check, s e v e r a l  o f  the spec t r a  were 

analyzed independently by M r .  H .  Mason, whose values  f o r  the 

equ iva len t  widths showed no systematic d i f f e r e n c e  from those 

obtained by the  p re sen t  wr i te r .  

One f i n a l  comment seems t o  b e  requi red  by r e c e n t  i n t e r -  

e s t  i n  e l e v a t i o n  d i f f e r e n c e s  on t h e  su r face  of  the  p l ane t .  The 

observa t ions  repor ted  he re  correspond roughly t o  a Martian 

longi tude  of 130'. A t  the sub-ear th  p o i n t ,  t h i s  meridian runs 

through a l i g h t  a r ea  on Mars (Amazonis) which i s  known t o  b e  a 

r e l a t i v e l y  l o w  region ( P e t t e n g i l l ,  p r i v a t e  communication). 

However, the r o t a t i o n  of the p lane t  during the  course of  the 

exposures i n  a d d i t i o n  t o  guiding and see ing  motions (and t h e  

apparent  r o t a t i o n  of t h e  image a t  K i t t  Peak where no image 

r o t a t o r  was a v a i l a b l e )  prevented the establ ishment  of an exac t  
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correspondence between the  s l i t  of t h e  spectrograph and a plane- 

t a r y  meridian.  Thus it  i s  not s u r p r i s i n g  t h a t  no systematic  

i nc rease  o r  decrease i n  absorpt ion s t r e n g t h  wi th  p o s i t i o n  on 

the  d i s k  was found t o  occur,  p a r t i c u l a r l y  i n  view of the  s t i l l  

cons iderable  unce r t a in ty  assoc ia ted  wi th  the der ived abundance. 

4.  THE SURFACE PRESSURE 

With t h i s  rev ised  f igu re  f o r  t he  C 0 2  abundance i n  the 

Martian atmosphere, we a r e  i n  a p o s i t i o n  t o  redetermine the 

su r face  pressure .  This operat ion r equ i r e s  the  observat ion of 

s t ronge r  bands t h a t  a r e  pressure broadened. The bands near  

1 . 6 ~  and 2 . 0 6 ~  have been used f o r  t h i s  purpose i n  the p a s t ;  the 

v a r i o u s  i n t e r p r e t a t i o n s  of the s t rong  band d a t a  have l ed  t o  d i f -  

f e r e n t  va lues  f o r  the  su r face  pressure ,  even f o r  a given value 

of t he  abundance. I n  t h i s  discussion,  we w i l l  confine ourselves  

t o  the  graphica l  method of Owen and Kuiper (1964) based on an 

ex tens ive  s e r i e s  of labora tory  observat ions of t h e  1 . 6 ~  bands, 

and t h e  a n a l y t i c a l  method o f  Gray (1966), c o n s i s t i n g  of a band 

model f i t t e d  t o  observat ions of t h e  2 . 0 6 ~  band complex. 

The only new observations of  t he  s t rong  bands t h a t  have 

been repor ted  s i n c e  1965 a r e  those of Binder and Cruikshank 

(1968) who have reobserved the 1.611. bands a t  a d i spe r s ion  com- 

pa rab le  t o  Kuiper 's  (1964). Binder and Cruikshank have analyzed 

t h e i r  r e s u l t s  w i th  s p e c i a l  a t t e n t i o n  t o  the  e r r o r s  involved i n  

determining the equiva len t  widths of  these bands, They con- 

c lude  t h a t  a r e a l i s t i c  va lue  f o r  the  mean of the  two bands a t  

1.6~ i s  1 7  + - 3A. This e f f e c t i v e l y  brackets  the  va lues  obtained 
0 
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by Kuiper (16A) and Moroz (19A) and w e  shall adopt  i t  f o r  our 

d iscuss ion .  Much more p r e c i s e  observat ions of i nd iv idua l  l i n e s  

i n  these  s t rong  bands should be forthcoming f rom the  high reso-  

l u t i o n  spec t r a  of the Connes'. 

4 .1  The Method of Owen and Kuiper 

I n  a d d i t i o n  t o  i t s  o r i g i n a l  use in  the  i n t e r p r e t a t i o n  

of 1963 observat ions of  Mars, t h i s  method was employed by the 

p re sen t  writer i n  1965 (Owen 1966). P l o t s  were made of l o g  W 

vs. log  p y w  f o r  l abora to ry  observations of the 1 . 6 ~  bands f o r  

two mixtures of C02 and N2 i n  addi t ion  t o  the  pure C 0 2  i t s e l f .  

I t  i s  then poss ib l e  t o  i n t e r p o l a t e  on these  p l o t s ,  knowing W 

and T w  f o r  the  observat ions of Mars, and so lve  f o r  p.  

face  pressure ,  Ps = 2p. 

The sur -  

Following t h i s  procedure through i n  the  p re sen t  case ,  

we f i n d  t h a t  the inc rease  i n  w corresponding t o  the new obser- 

v a t i o n s  of  weak l i n e s  i s  compensated by the i n c r e a s e  i n  W r e -  

ported by Binder and Cruikshank (1968), so  the  der ived  pressure  

remains the same. However, we  can reduce the  unce r t a in ty  because 

of t he  increased p r e c i s i o n  i n  w. The r e s u l t  i s  thus 

+6.5 
Ps = 8.5  mb . 

-3.5 

4.2 The Method of Gray 

Gray's method was adopted by Belton and Hunten (1966) 

i n  t h e i r  a n a l y s i s  of t h e i r  observations i n  a d d i t i o n  t o  her own 

use of  i t  which was given i n  a more genera l  sense.  Bas ica l ly ,  

the method involves the cons t ruc t ion  of a s y n t h e t i c  band p r o f i l e  
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based on an a n a l y t i c a l  model for the band which involves  known 

parameters such a s  the band s t rength ,  l i n e  widths,  l i n e  spacing, 

e t c . ,  and leads t o  a va lue  f o r  the product of the abundance and 

the  pressure .  Using two s l i g h t l y  d i f f e r e n t  approaches,  Gray 

obtained the r e s u l t  wpe = 550 + 200 m atm mb, where pe i s  an 

"e f f ec t ive"  pressure  which i s  determined by the  dominant broaden- 

ing  gas.  

- 

I f  we add t o  h e r  quoted u n c e r t a i n t y  the  a d d i t i o n a l  

amount corresponding t o  Binder and Cruikshank's work, w e  ob ta in  

Solving f o r  Ps with our new va lue  of wPe 
w, we f i nd  

= 550 + - 215 m atm mb. 

+4.5 

-1.5 
Ps = 5.5 mb 

where we have rounded t o  t h e  nea res t  0.5 mb and the  unce r t a in ty  

inc ludes  the e r r o r  i n  w. Note t h a t  f o r  w = 75 m a t m ,  t h i s  so-  

l u t i o n  implies  t h a t  the atmosphere i s  pure C 0 2 .  

5. CONCLUSIONS 

Since Gray's method involves less s u b j e c t i v i t y  and 

because her i n i t i a l  r e s u l t s  have been e s s e n t i a l l y  confirmed by 

a more r e f ined  a n a l y s i s  (Penner, Boni, and Gray 1967), we tend 

t o  favor  the va lue  of the pressure der ived  i n  t h i s  way. 

ing  i t  twice the weight of  the Owen-Kuiper a n a l y s i s ,  we f ind  a 

f i n a l  value of 

Accord- 

+4,5 

-2.5 
Ps = 6.5 mb 

This i s  a cons iderable  improvement over the p r e c i s i o n  obtained 

i n  1965, and p e r m i t s  the discussion of the  r e s u l t s  obtained a t  

t h a t  t i m e  t o  be c r i t i c a l l y  reviewed. 
1 I T  R E S E A R C H  I N S T I T U T E  
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A comparison of the composition of the atmosphere of 

Mars wi th  the t o t a l  amount o f  evolved v o l a t i l e s  on Ea r th  i n d i -  

ca ted  some r a t h e r  convincing analogies (Owen 1966). I t  was 

pointed out  t h a t  e s t ima tes  o f  the C02:N2 r a t i o  f o r  the t e r r e s t r i a l  

v o l a t i l e s  va r i ed  from 3 : l  t o  20: l .  I f  the i n i t i a l  composition 

and the  outgassing processes a re  the  same an Mars a s  on Earth,  

we can p r e d i c t  Martian su r face  pressures  on the  b a s i s  of our 

knowledge of the abundance of  C02.  

obtained i n  t h i s  r e p o r t ,  we  would a n t i c i p a t e  su r face  pressures  

on Mars i n  the  range from 4.7-8.9 mb, a l lowing f o r  the present  

unce r t a in ty  i n  w. 

a C02 con ten t  of a t  l e a s t  80%, which would lead  t o  a su r face  

p re s su re  of 6.4 mb. 

Using the  new va lue  f o r  w 

The Mariner I V  o c c u l t a t i o n  experiment suggested 

These numbers tend t o  suggest t h a t  our value f o r  Ps i s  

q u i t e  reasonable  and tends t o  favor a common mode of o r i g i n  f o r  

the  atmospheres of Mars and Earth.  This argument ga ins  support  

from the  r ecen t  spacec ra f t  experiments t h a t  i nves t iga t ed  the 

atmosphere of Venus. Here, too, i t  appears t h a t  the C 0 2 / N 2  

r a t i o  must  be  more than 5 : l  and perhaps more than 14: l .  An 

underlying un i ty  i n  the  composition of the atmospheres of the  

t e r r e s t r i a l  p l ane t s  i s  thus apparent.  We a r e  now i n  a p o s i t i o n  

t o  i n v e s t i g a t e  i n  more d e t a i l  the reasons f o r  the anomalous 

composition of the  E a r t h ' s  present  atmosphere, p a r t i c u l a r l y  the  

l a r g e  abundance of water.  

I l l  R E S E A R C H  I N S T I T U T E  
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6 .  SUGGESTIONS FOR FUTURE WORK 

The success of these new observat ions of weak l i n e s  of 

C 0 2  i n  reducing the  unce r t a in ty  a s soc ia t ed  wi th  the  der ived  

abundance and sur face  pressure  gives a c l e a r  i n d i c a t i o n  of the 

d i r e c t i o n  t o  be taken t o  insure  a d d i t i o n a l  progress .  The most 

important need a t  t h i s  po in t  i s  f o r  g r e a t e r  d i spe r s ion  i n  the 

1 . 0 5 ~  region.  The exposures with the  Carnegie image tube  are 

less than 60m a t  maximum reso lu t ion  wi th  a d i s p e r s i o s  of 3 . 5  A/mm. 

The r e s o l u t i o n  i s  l imi t ed  by the cube i t s e l f ,  so  the  only way 

t o  improve i t  i s  t o  inc rease  t h e  d i spe r s ion .  This  w i l l  be pos- 

s i b l e  w i t h  the new coudb o f  the NASA 108-inch r e f l e c t o r ,  vhi~ch 

w i l l  permit  a d i spe r s ion  of a b o u t  2 A/mm t o  be  achieved. It 

w i l l  then be poss ib l e  t o  record the  1 . 0 6 ~  band and weak l i n e s  i n  

the 1.04~ and 1 . 0 5 ~  bands wi th  considerable  p rec i s ion ,  thereby 

reducing the  mean e r r o r  of  the corresponding curve of growth. 

0 

0 

0 

Progress i n  record ing  the  8700 A band i s  more d i f f i c u l t .  

Some g a i n  can b e  achieved by narrowing the  s l i t  and making longer 

exposures (6-8 hours) ,  but a la rge  s t r i d e  forward would r e q u i r e  

the use  of a 1 A/mm d i spe r s iQn .  

the  a i d  of a c y l i n d r i c a l  l e n s  t o  compress the  spectrum and thereby 

shor ten  the exposure times t o  reasonable va lues .  

0 

T h i s  can a l s o  be achieved, w i th  

I n  both cases ,  i t  should be poss ib l e  t o  ob ta in  a decrease 

i n  the e r r o r  i n  w t o  a value between 10 and 15%. A t  t h i s  p o i n t  

i t  should be poss ib l e  t o  i n v e s t i g a t e  the e f f e c t s  of e l eva t ion  

d i f f e r e n c e s  over the su r face  of the p lane t .  

I I T  R E S E A R C H  I N S T I T U T E  
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F i n a l l y ,  a l a r g e  improvement i n  the s t a t e  of  our know- 

ledge of the  Martian water vapor abundance and i t s  v a r i a t i o n  

wi th  season and p o s i t i o n  on the  p l a n e t ' s  d i s k  i s  achievable  wi th  

p re sen t ly  e x i s t i n g  instrumentation. 

condi t ions  a t  2 A / m  should b e  f a r  more r e l i a b l e  than previous ly  

published work. 

7. EXPENDITURES 

Observations under good 
0 

With the terminat ion of the  c o n t r a c t  on January 31, 1968, 

the a l l o t t e d  funds have been exhausted. 
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CAPTIONS FOR ILLUSTRATIONS 

Figure 1. Spectra  of Venus, Mars, and the Sun i n  the  
region of 8700 A. The P and R branch l i n e s  
of the 5v C02 band a r e  ind ica t ed ,  inc luding  
the  high 3 components doubling back from t h e  
band head. 

Figure 2 .  A t r a c i n g  of  the  s o l a r  spectrym (a)  from the 
Libge A t l a s ,  compared with spec t r a  of Mars 
obtained i n  1965 (b) and 1967 ( c )  i n  the region 
of the 5v3 R branch. 
ind ica ted .  

The C 0 2  absorp t ions  a r e  

Figure 3. Spectra  of Venus and Mars showing the CO 
bands a t  1 . 0 4 ~  (2v1 + 3v3) and 1.0511. (vI2+ 

A curve of growth f o r  CO i n  the Martian atmo- 
sphere.  Each point  r e fegs  t o  a s i n g l e  l i n e  
except  f o r  t h e  two po in t s  a s soc ia t ed  wi th  the 
1.06~ band which a r e  averages of two po in t s  
each. 

2 v 2  + 3 9 ) .  

Figure 4.  
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