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Abstract. The following physical parameters have been computed from 0 to 200 km altitude; (I) 

pressure. (2) density (3). speed of sound, (4) density, (5) number density, (6) mean fret path, (7) 
viscosity. (8) pressure scale. (9) mean particle velocity. (IO) collisional frequency and (I I) columnar 
mass. 

The Viking mcasurcments have been used as input data. A critical comparison of the computed 
pressures and dcnsitics. is given, useful for future explorations. 

1. Introduction 

A number of different works, have been published for the study of the Mars 
atmosphere. All these works have used observations and measurements from the 
spacecrafts; Mariner 4 ( 196.5). Mariner 6, 7, 9 ( 1969-72). Mars 2 ( 197 I), Mars 4, 
6 (1974) and the Viking 1 and 2. Viking 1 landed on July 20, 1976 at the latitude 
of 22”s’ N and longitude of 4X” W, approximately four hours after the local noon. 
Viking 2 landed on September 3, 1976 at a latitude 48” N and longitude of 
226”W, ten hours after local midnight. In the present work we computed the 
physical parameters of the Mars atmosphere by using Vikings data. 

2. The Mars Atmosphere 

Models have been constructed for the Mars atmosphere based on the measurc- 
ments of the spacecraft. Anon (Mariners 6, 7, 1970-1974). Macris-Petropoulos 
(Mariners (6, 7, 9) 1972, 1973, 1977), Marov (Mars, 6, 1976) and West (Mariner 
9, 1977). Seif (1978) have proposed a cool and a warm model of the pressure and 
density from 0 to 100 km altitude, based on Viking I and 2 measurements. 

The errors of measurements are 1” for the measured by Viking temperatures 
near the surface and 3” for the measured temperature at higher altitudes:Viking 
1 and 2 have measured daily variations of the temperature near the surface (T%), 
of 55 K amplitude and of the pressure near the surface (9,) of 0.5 amplitude 
(Hess, 1976). The Viking also measured seasonal variations of Ts: 60K amplitude 
and of P, : I .5 mb (Leovy, 1977). 

The daily variations of P\- and T, can be attributed to the thermal tide (Seiff, 

Earth, Moon, and Planets 46: I-30, 1989. 
0 1989 Kluwer Academic Publishers. Printed in the Netherlands. 
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1977) and to heat exchange (Marov, 1976). Since the atmosphere of Mars is not 

very dense and the conductivity of the soil is low (Tang, 1977), the heat 

exchange leads to large temperature contrasts as a result of diurnal changes. 

Different models (Murray, 1966) have been proposed to explain the seasonal 

change, which are correlated with the sublimation of polar ice of CO* and with 

the absorption of CO2 by the regolith soil of Mars. It was found that the changes 

of temperature produced from the quantity of dust that the atmosphere contained 

after a storm (Seiff, 1978). 

The chemical composition of the Mars atmosphere have been measured by 

Viking I and 2 using mass spectrometry. The day of the landing the measured 

atmosphere composition was (Owen, 1976). 

94.8% C02, 3% N2, 2% At-, 0.2% O2 . 

After some months the following composition was found (Owen, 1977) 

95.32% CO*, 2.7% N2, 1.6% Ar, 0.13% 02, 0.07% CO, 

0.03% H?H 2.5 ppm Ne, 0.3 ppm Kr, 0.08 ppm Xe, 0.03 ppm O3 . 

The first composition gives a molecular weight of 43.48. The direct measure- 

ments of Viking 1 and 2 respectively p, = 44.36 and p2 = 43.34. These values 

have been assumed constants from 0 to 100 km. Since in the Viking 2 parachute 

phase, data were essentially isothermal, the molecular weight can also be, 

calculated for the isotherm relationship (Kirk and Seiff, I977), giving 43.82 at 

h = 2.5 km and T = 223” K. 
The temperature distribution, function the altitude have been measured using 

two different methods. 

(1) Mass Spectroscopy method (Nier, 1977); (2) Accelerometer method (Kirk- 

Seiff, 1977). The temperature from 0 to 100 km change with the thermal tide 

(Seiff, 1978). 

3. Physical Parameters of the Mars Atmosphere 

We have computed the following physical parameters of the Mars atmosphere 

(pressure, density, speed of sound, density scale, number density, mean free path, 

viscosity, pressure scale, mean particle velocity, collision frequency, columnar 

mass), as a function of altitude. For the calculation we have used the program of 
Pitts (1968) assuming hydrostatic equilibrium. 

The following data, obtained from the Viking measurements have been used 

for the computation of two atmospheric models, one for Viking I and one for 

Viking 2. (I) The chemical composition (I), of the Martian atmosphere near the 

surface measured by Viking 1 and Viking 2 (Owen, 1976), and the temperature 

distribution function the altitude (Nier, 1977; Kirk et al., 1977). (2) The 
measured pressures and temperature near the surface (Hess, 1977). 

9, = 7.64 mb, Ts = 239.8 K (Viking 1) 
P, = 7.82 mb, TY = 225.06 K (Viking 2). 
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(3) The radius of the planet Mars measured by Viking 1, R. = 3380 km and the 

acceleration of gravity at the surface go = 375 cm set-* (Nier, 1977). (4) The 

mean molecular weight lJi, = 43.36 measured by Viking I and fiz = 44.36 by 

Viking 2. A third model with /I& = 43.82 has been computed for Viking 2 but not 

included in this work. (5) The Viking I and 2 measurements of the density (n) of 

various species of the atmosphere (CO?, Oz. CO, NO, Ar) as a function of 

altitude, can be described by the following empirical relation from 100 to 

200 km, that has been used to compute ii: 

log;,,(h) = a + bh , 

TABLE III 

Comparison of the computed and measured pressures Pd,,/Pu’, from 0 to 100 km altitude 

Mars 6 
h(km) Viking I Viking I Viking 2 Viking 2 Viking Comp. 

Meas. values Comp. values Meas. values Comp. values Standard model values 
(Kirk and in this work (Kirk and in this work Mean values (Marov. 
Seiff, 1977) Seiff. 1977) (Seitf. lY78) 1976) 

0 I I I I 
2 0.84 0.84 0.84 0.83 
4 0.7 I 0.71 0.70 0.70 
6 - 058 - 0.58 
8 - 0.4’) - 0.48 

IO - 0.40 - 0.39 
I2 - 0.33 - 0.33 
14 - 0.27 - 0.27 
I6 - 0.22 - 0.22 
IX - 0.18 - 0. IX 
20 - 0.14 - 0. I4 
22 - 0.12 - 0.12 
24 - 0.94 x 10-I - 0.94 x 10-I 
26 - 0.76 x IO-’ - 0.76 x IO-’ 
28 0.68 x IO-’ 0.62 x IO-’ 0.51 x 10-l 0.62 x IO-’ 
32 0.41 x 10-l 0.40 x IO-’ 0.32 x IO- 0.41 x 10-l 
36 0.26 x IO-’ 0.25 x I o-1 0.20 x I o-1 0.26 x IO-’ 
40 0.16 x IO-’ 0.16x 10-l 0.13 x IO-’ 0.16X lo-’ 
44 0.98 x I O-2 0.92 x I O-2 0.79 x I O-2 I .02 x I o-2 
4x 05x x I O-2 0.54 x 10-Z 0.50 x IO-’ 0.65 x I o-2 
SO 0.35 x 10-2 0.56 x I o-2 0.3 I x I o-2 0.4 I x I o-2 
56 0.20 x I o-2 0.18X 10-2 0. I Y x I o-2 0.25 x 10-2 
60 0.12-2x IO-2 0.10x 10-2 0. I I x I o-2 0.55 x I o-2 
64 0.72 x IO-” 0.63 x 10-J 0.63 x 10-J 0.85 x I o-3 
6X 0.45 x 1 o-” 0.38 x 10-J 0.37 x I o-3 0.50 x IO--’ 
72 0.42 x I o-3 0.23 x IO-” 0.21 x IO-” 0.29 x IO-” 
76 0.1.5x lo-’ 0.13 x 10-J 0. I2 x 10-X 0. I5 x 10-a 
x0 0.X8X IO-4 0.72 x lW4 0.65 x IO-’ 0.78 x lo-“ 
x4 0.5 I x I (I-“ 0.42 x 1 W4 0.37 x I o-4 0.44 x I o-4 
8X 0.30 x I o-4 0.25 x 10-d 0.22 x I o-4 0.25 x I o-4 
02 O.lXX IO-4 0. I5 x I o-4 0.14 x lo-” 0.30 x 10-4 
96 I .os x 10-s 0.86 x IO+ 0.84 x 10-s 1.44x 10-s 

100 0.05 x 10-s 0.52 x lo-~ 0.5 I x 10-s o.s3 x 10-s 

I 
- 

0.69 
- 

0.4’) 
- 

0.34 
- 

0.23 
- 

0. I5 
- 

0.101 
- 

0.66 x IO-’ 
0.43 x 10-l 
0.28 x IO-- 
0. I7 x I 0-I 
0.47 x I O-2 
0.67 x 10-Z 
0.41 x 10-2 
0.25 x IO-’ 
0. IS x I o-2 
O.YO x 10-J 
0.54 x 10-s 
0.32 x IO-” 
0.19 x lo-” 
0.1 I x 10-J 
0.67 x I o-4 
0.40 x I o-4 
0.24 x IO-” 
I.Sl x lo-’ 
0.X6 x 10-s 

I 
0.84 
0.71 
0.59 
0.4’) 
0.4 I 
0.33 
0.28 
0.22 
0.18 
0. IS 
0. I2 
0.90 x IO-’ 
0.70 x lo-’ 
0.5Y x lo-’ 
0.47 x IO-’ 
0.22 x 10-l 
0. I3 x IO-’ 
0.83 x 10-2 
0.5 I x 10-2 
0.3 I x I o-2 
0.19 x 10-2 
0. I2 x I o-2 
0.72 x I o-3 
0.44 x lo-” 
0.27 x IO-’ 
0.17 x 10-x 
0. IO x I o-3 
0.64 x I O-4 
0.54 x I o-4 
024 x lW4 
I.51 x IO-” 
0.93 x 10-s 
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where h: is the height above the mean surface of the planet a, b = are given by 
Nier (1977) for both Viking I and Viking 2. 

Using the above data we have computed the physical parameters of the Mars 
atmosphere for Viking 1 and Viking 2, these together with interpolated values of 
the temperatures and molecular weights are given in Tables I and II. Figures l-9, 
represent the variations of some physical parameters with altitude. 

4. Conclusions 

The computed pressures and densitics of Tables I and II are compared in Tables 
III, IIIa and IV, IVb, (a) with the values of pressures and densities that Marov 
(1976) has computed by use of the Mars 6 measurcmcnts; (b) with the computed 
values of pressures and densities of the standard model (Seilf, 1978). 

For the comparison of our computed pressures Pu,) with the measured one or 
with the previously calculated pressures (Seiff, 1978) we have used the ratio 
Pthj/PCo,, where Pthj is the pressure at altitude h; and f((,) is the pressure near the 
surface. 

TABLE Ifla 

Comparison of the computed and measured pressures P,hJP~c,, from IO0 to 200 km 

altitude 

VIKING I 

h (km) Meas. values Camp. values 

(Kirk and 
Seiff. 1977) 

IO4 0.40 x 10-S 0.32 x 10-s 

I ox 0.24 x I o-s 0.20 x I o-s 

II2 0. I5 x 10-s 0.12 x IO-” 

I16 0.9 I x 10-s 0.77 x 10-h 
I20 0.54 x I(P OA7 x I (I-” 

I30 1.15x 10-7 I. I I x I o-7 

I35 o.ss x I o-7 0.58 x I o-7 

I40 0.3 I x I o-7 0.33 x 10-7 

I45 O.IY x 10-7 0.21 x 10-7 

I50 0.12 x 10-7 0. I3 x I o-7 

IS5 0.76 x I o-s 0.84 x 10-s 

I60 0.50 x 10-a 0.54 x I o-” 

I65 0.32 x IO-” 0.3 I x IO-” 
I70 0.2 I x 10-a 0.1x x 10-a 

175 0. I3 x I o-a 0. I I x IO-~ 
I80 0.65 x IO-~ 0.64 x IO-” 

18.5 0.53 x IO-~ 0.37 x lo-’ 
I90 0.33 x lo-’ 0.2 I x I o-’ 

lY5 0.22 x IO-” 0.22 x I o-” 
200 0.14 x lo-’ 0.06 x I o-’ 

VIKING 2 

h (km) Meas. values Camp. values 

(Kirk and 

Seiff. lY77) 

I04 0.30 x IO-” 0.31 x IO-5 

I08 0. I 7 x I o-s 0. I7 x I o-s 

II2 O.XY x 10-h 0.92 x I o-” 

II6 0.3x x 10-h 0.4’) x I (P 
I20 0.15 x 10-h 0.26 x 10-h 

12x 0.81 x 10-7 0.x5 x I o-7 

I32 0.40 x I o-7 0.50 x lo-’ 

I36 0.29 x I o-7 0.2’~ x I o-7 

I40 0.17 x IO-’ 0.17 x 10-7 

144 0. IO x I o-7 0.98 x 10-a 

14X 0.6-l x 10-a 0.56 x 10-x 

IS2 0.39 x 10-s 0.33 x 10-a 
I56 0.23 x IO-” 0.19 x 10-x 
I60 O.I‘tl x 10-a 0.1 I x IOF 
I62 0. IO8 x 10-x 0.86 x 10-x 
I66 0.64 x I o-’ 0.53 x I o-” 

I70 0.3’) x I o-’ 0.32 x I o-” 
174 0.2s x I o-” 0.22 x I o-” 
- - 
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TABLE 1V 

Comparison of the computed and measured densities 

VIKING I VIKING 2 

h (km) Measured Computed Measured Computed Viking Mars 6 
densities densities densities densities computed computed 
(kg m-“) (kg m-“) (kg m-“) (kg m-‘) densities densities 
(Kirk and (Kirk and (Seiff, 1978) (Marov. 
Seiff 1977) Seiff 1977) Mean model IY76) 

0 

2 
4 
8 

12 
I6 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

I .6X x I o-2 
1.45 x 10-2 
I:26 x 1O-2 
- 
- 
- 
- 
- 
I .38 x lO-3 
3.34 x 10-4 
6.25 x 1O-4 
4.10x 10-4 
2.65 x lO-4 
I .57 x I o-4 
9.56 x IWs 
5.Y6 x lo+ 
3.19x lo-’ 
1.88 x 10-s 
1.17 x IO-” 
7.70 x 10-s 
4.66 x lo-’ 
2.57 x IO+’ 
I .40 x 1 o-” 
8.33 x lo-’ 
5.39 x 10-7 
2.88 x IO-’ 
1.67 x lo-’ 

1.67x IO-2 
I .49.x 1 o-2 
1.31 x 10-2 
9.54 x to-3 
6.69 x 1O-3 
4.64 x 1 OF3 
3.21 x 1O-3 
2.06 x IO-” 
1.38fllO-” 
9.31 x 1o-4 
6.22 x 1O-4 
4.05 x lo-4 
2.56 x lo-4 
I .55 x IV4 
9.13 x 10-s 
5.18 x 1O-s 
2.84 x IO-” 
I .65 x I (I-” 
I .04 x IO-” 
6.13 x IO-” 
3.96 x 10-h 
2.15 x 10-h 
1.16X lo-” 
7.08 x IO-’ 
4.23 x lo-’ 
2.40 x lo-’ 
I .33 x 10-7 

I.81 x 10-Z 
I .s3 x I o-2 
I .29 x I O-2 
- 
- 
- 
- 
- 

I .22 x I o-3 
7.92 x 1O-4 
5.04 x 10-4 
3.14 x 10-4 
I.944 lo-4 
I .20 x I o-4 
8.23 x IO-” 
5.27 x lo-’ 
3.26 x IO-’ 
I .82 x IO-” 
I .07 x 10-s 
6.71 x IO-’ 
3.83 x lo-’ 
2.11 x lo-” 
I .06 x lo-’ 
5.79 x 10-7 

3.63 x 1 o-7 
2.30 x lo-’ 
1.42 x IO-’ 

I .x I x I o-2 
I.56 x 1O-2 
1.34x 10-2 
9.62x lW3 
6.7Y x IO-” 
4.71 x 10-3 
3.19x 10-s 
2.12 x 10-s 
1.3.x 10-J 
9.28x 1O-4 
6.47 x 1W4 
4.06x 10-j 
2.51x 1o-4 
1.60x IV4 
1.06 x I o-4 
6.99 x 1O-s 
4.31 x 10-s 
2.43 x IO+ 
1.47 x 10-s 
9.41 x 10-h 
5.47x lo-6 
2.53x 10-h 
1.38x IO-’ 
5.0'7 x lo-” 
4.29x IO-’ 
2.72x IO-’ 
1.4Y x lo- 

1.67 x 10-2 

1.16x IO-2 
8.45,x IO-* 
6.06x IO-" 
4.23x IO-" 
2.94~10-~ 
2.00x 10-3 
1.35x 10-3 
9.0 x IO"4 
5.95x 10-4 
3.91 x 10-4 
2.51 x 10-4 
1.60x IO-4 
1.01 x 10-4 
6.25 x IO-" 
3.84x lO-s 
2.33 x IO+ 
1.41 x 10-s 
0.65x IO-' 
5.03x 10-h 
3.00 x 10-h 
1.79x lo-" 
1.07 x 10-h 
0.65 x IO-" 
3.87 x lo-’ 
2.33 x IO-' 

1.36X IO-2 
1.17 x IO-2 
I .oo x I o-2 
7.30x IO-” 
5.25 x IO-3 
3.71x IO-3 
2.57~ IO-” 
1.7.x IO-” 
1.17x IO-” 
7.35x IO-4 
4.48~ 10-O 
2.73 x 10F4 
1.67 x lW4 

1.02 x IO-4 

6.25 x IO-” 

3.x3x 10-s 

2.36 x lo-’ 
1.44x 10-s 

x.xXx 10-h 
5.46~ IO-” 

3.37x IO-6 

3.54 x IO-” 

3.53x IO-6 

1.28X l0-h 
7.94x IO-’ 

4.01 x IO-’ 
1 .x9 x 10-7 

For the comparison with standard model, our values have been compared with 
the average values 

The calculated pressure in this work are very closed to the measured by Viking I 

and 2 except for the altitude 44-52 km, 64-72 km and 80-88 km. For these 
altitudes the computed by Seiff and Marov values are also in disagreement with 

the measured one. 
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TABLE IVa 

Comparison of the computed and measured densities (kg rnex) 

VIKING I 

h W Computed 
densities in 
this work 

Measured 
densities 
(Kirk and 
Seiff, IY77) 

VIKING 2 

h (km) Computed 
densities in 
this work 

Measured 
densities 
(Kirk and 
Seiff. 1977) 

I 04 
I ox 
112 
II6 
120 
133 
135 
140 
145 
I50 
I55 
I60 
I65 
170 
I75 
I x0 
IX5 
I 90 
I95 
200 

x.47 x lo-” 
5.25 x 10-s 
3.19 x 10-a 
1.99 x 10-s 
I .32 x IO-s 
3.50 x IO--~ 
I .50 x 10-y 
7.59 x lo-‘” 
4.36 x lo-” 
2.63 x IO-“’ 
1.64 x lo-“’ 
1.06x IO-“’ 
9.97 x lo-” 
3.75 x lo-” 
2.42x lo-” 
1.53 x lo-” 
9.38 x lo-‘2 
5.26 x IO-l2 
3.47 x 10-12 
I.91 x lo-‘* 

I .06 x IO-’ 
6.59 x 10-x 
3.95 x 10-x 
2.42 x IO-” 
I .60 x IO-” 
3.x0 x 10-q 
1.59x 10-u 
7.25 x IO-“’ 
4.10x 10-l” 
2.41 x IO-“’ 
l.4XX IO-‘” 
Y.35 x IO-” 
6.27 x IO-” 
4.21 x IO-” 
2.77 x IO-” 
1.00x 10-l’ 
I.13 x IO-” 
6.62 x lo-‘2 
4.70 x I o-‘2 
3.30 x lo-‘2 

104 
108 
112 
II6 
120 
I28 
I32 
I36 
I40 
144 
14x 
I52 
156 
I60 
I62 
I66 
I70 
174 

Y .69 x IO-s 
5.80 x 10-s 
3.24 x 10-s 
I .73 x 10-s 
9.06 x I O-y 
2.56 x IO-” 
I .53 x I o-” 
x.99x lo-‘” 
5.07 x lo-“’ 
3.1x x lo-“’ 
1.69x IO-“’ 
9.86 x lo-” 
6.12X lo-” 
3.61 x IO-” 
2.61 x 10-l’ 
1.43 x 10-I 
x 29 x lo-” 
ioo x I o-12 

9.36 x IO-s 
5.62 x IO-” 
3.0x x IO-” 
1.69 x 10-H 
X.X6 x 10-v 
2.31 x 10-g 
1.43 x 10-u 
X.65x IO-“’ 
4.90 x lo-” 
2.75 x IO-“’ 
I.81 x 10-u 
1.13 x IO”’ 
6.82 x IO-” 
4.15 x 10-l’ 
3.23 x IO-” 
1.90x IO-” 
1.07x lo-” 
5.80 x I o-12 

The above differences can be attributed to the meteorologic phenomena that 

appear in the Mars atmosphere (James, 1977). 
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