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ABSTRACT 

In anticipation that the many technical disciplines involved in a 
Mars planetary entry program will require such infonnation for design 

studies and preliminary design decisions, a fairly complete parametric 
study of the Mars atmospheric entry was perfonned. The expected 
extreme model atmospheres 1 as well as the anticipated extremes of ini
tial entry velocity, entry angle and ballistic coefficient were included. 
As functions of these variables, the following parameters are plotted 

in graphical form: 
1. Flight path acceleration vs altitude 
2. Mach No. vs altitude 
3. Dynamic pressure vs altitude 
4. Heating rate vs altitude 
5. Flight path angle vs altitude 
6. Atmospheric velocity vs altitude 
7. Altitude vs time 
8. Altitude vs planet centered angle 

In addition, summary plots of peak heating rate, peak acceleration, 
unretarded impact velocity, and altitude for parachute deployment 
are shown as a function of entry angle for the extremes of ballistic 
coefficient and model atmosphere. 

The material is presented for reference use only, and no attempt is 
made to analyze the significance of the relationships depicted for a 
particular mission. 

'New planet spectrographic observations now under evaluation at JPL tentatively indicate a 
considerably lowedimit on the density-altitude profile band. 

I. INTRODUCTION 

In order to assess the vehicle design problems involved 
in entering the atmosphere of Mars, to weigh compro
mise solutions to these problems, and to provide the 
terminal extension of planet approach space trajectories, 
a parametric study varying initial trajectory conditions, 

planet atmosphere models, and vehicle ballistic coefficient 
was performed . . The Jet Propulsion Laboratory powered 
flight entry program (Refs. 1 and 2) was used on the IBM 
7090 computer. This is a point-mass trajectory solution, 
i.e., it considers only the translatory motion of the vehicle. 
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A. Constant conditions 

1. Motion confined to equatorial plane, counter to 
planet rotation 

2. Mars rotation velocity 

3. Mars diameter 

4. Mars gravity, surface 

5. Initial altitude: 1,000,000 ft above surface 

6. Vehicle drag coefficient (hypersonic): 0.7 with Mach 
No. variation 

7. Atmosphere fixed to planet: no wind 

8. Vehicle maximum diameter : 2.75 ft 

9. Angle of attack: 0 0 

B. Variable conditions 

1. Model atmosphere (Ref. 3): A, B, G and F as de
fined in Table 1 and Figs. 1 and 2 

2. Initial velocity with respect to atmosphere: 15,200 
to 37,000 ft/sec 

3. Initial angle, flight path to local horizon: 20 to 90 deg 

4. Ballistic coefficient or ~ : 0.5 to 5.0, correspond
GDA 

ing to gross weights of 67 to 670 lb 

Table 1. Some properties of model atmospheres for Mars 

Model designation A B C D E F 

Co mpos ition (by volume) 

N, 86.8 97.25 98.7 86.8 97.25 98.7 
CO, 7. 2 1.9 0.7 7.2 1.9 0.7 
A 6 .0 0.85 0.6 6.0 0.85 0 .6 

Moleculor weight 29.9 28.4 28.2 29.9 28.4 28 .2 

Surface press ure 

Iblll' 113 196 284 113 196 284 
mil libar 54 94 136 54 94 136 

Ratio of specific heats 1.41 1.41 1.42 1.41 1.41 1.41 

Temperature in stratosphere 
OR 410 320 230 230 410 410 
oK 230 180 130 130 230 230 

Tem perature near surface 

oR 470 410 380 470 410 470 
OK 260 230 210 260 230 260 

Scale height" 

It X 10- 3 59 41 29 29 59 56 
km 18 12.5 9 9 18 17 

Reciprocal scole height" 
Wi X 10' 1.7 2.4 3.4 3.4 1.7 1.8 
km- I X 10' 5 .6 8.0 11.0 11.0 5.6 5.9 

lapse rote 
° R It-I X 10' - 1.96 - 2.04 -2. 13 -1.96 0 -1.96 
OK km-' - 3.43 - 3.75 -4.10 - 3.43 0 - 3.43 

Surface density 

slugs X W, X 10' 1.4 2.7 4.3 1.4 2.7 3.4 

gm X cm-' X 10' 0.75 1.4 2.2 0.75 1.4 1.8 

Acceleration of gravity 

II I sec' 11.8 12.3 12.8 12.8 11.8 12.8 

cm/sec' 360 375 390 390 360 390 

• stratosphere 
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C. Results 
The results give atmospheric ballistic entry variations 

of certain design parameters versus altitude or time (see 

500 

0:: 
o 400 
W 
0:: 
::::l 
I
<l: 
0:: 
W 
Cl. 
::!' 
~ 300 

200 

~ 
'" A, F 

~ ~ B 

~ 
'" c 

o 20 40 60 80 100 120 140 160 180 200 

ALTITUDE, ft x 103 
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Fig . 2 . Model a tmospheres for Mars-density profile 

nomenclature). Terminal motion under the influence of 
an auxiliary decelerator may be approximated by the 
assumption of a vertical trajectory starting at the desired 
Mach number and corresponding altitude. Results pre
sented here (except for heating rates) also apply to vehi
cles having the same ballistic coefficients, but different 
combinations of diameter, weight, and drag coefficient 
(except in the low velocity terminal portion). 

The atmosphere models chosen for use in this program 
span the expected temperature and density bands (see 
Figs. 1 and 2). 

The initial velocity range extends from slightly less 
than escape velocity to a high value typical of short flight
time, low-payload missions. The most practical initial VE 
will probably fall between the two middle values. 

At the highest ballistic coefficient and initial velocity 
it can be noted that the initial flight path angle of 20 deg 
below horizon is a marginal or overshoot condition. 
Depending on the atmosphere assumption, the vehicle 
is correspondingly captured immediately, captured after 
a reversal in rate of altitude change, or it escapes the 
planet. This is most easily seen in the plot of altitude vs 
ARC, which may be interpreted as ground range ex
pressed in multiples of planet radius. The ALT vs ARC 
plot is thus a physical picture (with mismatched scales) 
of the trajectory. Figure 3 graphically defines trajectory 
geometry. 

TIME =0 

Fig . 3 . Trajectory geometry 
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For purposes of comparison, all plot scales are the 

same. The percentage definition of small values suffers 
correspondingly. Printed output data and plotting tapes 
are available for fine-grained reexamination of any por-
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tion of this study. Some of the extreme conditions 

possible within these bands of parameters are presented 
in Figs. 4, 5, and 6. 
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II. DESCRIPTION OF PLOTS 

Quantities Plotted (see Table 2) of the curves is evident, i.e., highest peak ACX, Q, QS, 
lowest initial decay rate of PTE vs ALT, and highest 
initial decay rate of ALT vs TIM correspond to highest 
initial VE. 

ACX 
Mach 
Q vs ALT 
QS 
PTE 
VE 

ALT vs TIM 
ALT vs ARC 

Each of the four curves on a given plot (see Appendix) 
represents a different initial velocity (VE) of 

15,200 
21,700 
29,300 

or 37,000 ft/sec 

The automatic plotting process does not allow machine 
labelling of curves. However, in most cases the identity 

The WEIGHT, which is a constant for each plot, cor
responds to the following ballistic coefficients (m/CDA), 
and densities. The density range is roughly that between 
balsa wood and water. 

WEIGHT, lb 

67 
200 
400 
667 

m/C"A 

0.5 
1.5 
3.0 
5.0 

Gross Density, 
Ib/ft3 

5.7 
17.1 
34.2 
57.0 

The 200 lb, 21,700 ft/see combination has received con
siderable attention at ]PL in the past. 
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6 

Table 2. Table of plots 

Figure number Ordinate Abscissa Weight m/ CoA '" 
Atmosphere 

A-I ALT TIM 67 0.5 20 A 

A-2 VE ALT 67 0.5 20 A 

A-3 Mach ALT 67 0.5 20 A 

A-4 QS ALT 67 0.5 20 A 

A-5 Q ALT 67 0.5 20 A 

A-6 ACX ALT 67 0.5 20 A 

A-7 PTE ALI 67 0.5 20 A 

A-B ALT ARC 67 0.5 20 A 

A-9 through A-16 Same as (A-l through A-B) 200 1.5 20 A 

A-17 through A-24 Same as (A-! through A-B) 400 3.0 20 A 

A-25 through A-32 Same as (A- l through A-B) 667 5.0 20 A 

A-33 through A-64 Same as (A-l through A-B) Same as (A-! through A-32) 40 A 

A-65 through A-96 Same as (A-! through A-B) Same as (A-! through A-32) 90 A 

A-97 through A-!92 Same as (A-! through A-B) Some as (A-! through A-32) Some as (A-! B 
through A-96) 

A- ! 93 through A-2BB Sam e as (A-! through A-B) Same as (A-! through A -32) Same as (A-! C 

through A-96) 

A -2B 9 through A-3B4 Same as (A-! through A-B) Same as (A-l through A-32) Same as (A-! F 

through A -96) 

NOMENCLATURE 

A 

ACX 

ALT 

ARC 

ATMOS 

m 

Vehicle projected frontal area, 7r (max. 

diamF /4, ft/sec2 

Acceleration along Hight path direction, 

ft/sec2 

Length of perpendicular from vehicle to 

planet surface, ft 

Planet centered angle between initial and 

. . Surface range 
current vehicle posItIOns, Md' ars ra IUS 

Atmosphere models defined in Table 1 

and Figs. 1 and 2 

Drag coefficient drag forcelQA 

Gross vehicle mass, slugs 

Mach 

PTE 

Q 

QS 

R" 
THETA 

TIM 

VE 

WEIGHT 

p 

Mach number, ratio of VE to local ambient 

sonic velocity 

Local angle between VE and local hori

zon, rad 

Dynamic pressure, (VE)2pI2, Ib/ft2/10.76 

Stagnation point heating rate, 2.15 x 10-8 

R n-o.s pO.s v s.o, BTU/ft2sec 

Vehicle nose radius (max. diam)/2, ft 

Initial angle between VE and local hori

zon, deg 

Time after initial time, sec 

Velocity of vehicle with respect to atmos

phere, ftl sec 

Gross vehicle weight on Earth, lb 

Atmosphere local density, slugs/fts 



_________________________ JPL TECHNICAL REPORT NO. 32·458 

REFERENCES 

1. Gianopulos, G. N., Generalized Powered Flight Trajectory Program, Technical 
Report No . 32-38, Jet Propulsion Laboratory, Pasadena, California, September 28, 
1960. 

2. Kohlhase, C. E., Additions to JPL Powered Flight Trajectory Program to Permit 
Planet Entry Simulation, Jet Propulsion Laboratory Interoffice Memorandum, Sep
tember 18,1961. 

3. Schilling, G. F. , "Extreme Model Atmospheres of Mars, " Report RM-2782-JPL, Rand 
Corporation, June 22, 1961. 

7 





_______________________ JPL TECHNICAL REPORT NO. 32·458 

APPENDIX 

Mars Atmosphere Entry Parameters 

The values for varied initial trajectory conditions, planet atmosphere models, 

and vehicle ballistic coefficients are presented in Figs. A-I through A-384. 

I 

I 

-~ 



JPL 'TECHNICAL REPORT NO. 32-458, ________________________ _ 

450,000 

;:: 300,000 

W 
0 
:::> 250,000 
I-

5 « 200,000 

150,000 

100,000 

50,000 

o 

50.0 

4 5.0 

40.0 

35.0 

a:: 
w 30.0 
ID 
:::;: 
:::> 
z 25.0 
I 
U « 

20.0 :::;: 

15.0 

10.0 

5.0 

0 

10 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-l 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-3 

40,000 

36,000 

32,000 

28,000 

0 

2i 24,000 " -
~ 

20,000 I-
U 
0 
...J 

16,000 w 
> 

12,000 

8 000 

4000 

O · 

~ 4500 

'" 
'" 
" 4000 
:::> 
I-
ID 

W 350 0 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
z 
6 
0.. 1500 
z 
0 
~ 1000 « z 
(!) 

~ 
Cf) 

500 

0 

0 

0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-2 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig . A-4 



I 

L 

--------------__________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
<D 
r--
ci 

2BOO 
~ 
~ 2400 

u.i 
a: 

2000 :::> en 
(J) 
w 
a: 1600 c.. 
U 
~ 1200 
<t 
Z 
>-
0 BOO 

400 

0 
0 100,000 200.000 300,000 400.000 500,000 

ALTITUDE, ft 

Fig. A-S 

0 .20 
"0 

~ 

Z 0 

0 
N 
cr -0.20 
0 
I 

...J 
« - 0.40 
U g 
0 -0.60 
Z 
<t 
lu -O.BO 
~ 

Z 
W 
W - 1.00 
~ 
I-
W 
CD -1.20 
W 
...J 
(!) 

-1.40 Z 
« 
...J 
<t -1.60 u 
0 
...J 

-I.BO 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-7 

0 

-1000 

-2000 

'" -3000 

" '" '" :: -4000 

Z 
0 

~ 
-5000 

a: 
W 
...J -6000 
W 
U 
U 
« -7000 

- BOOO 

-9000 

-10,000 

900,000 

BOO,OOO 

700,000 

:: 600,000 

W 
o 
~ 500,000 

5 
« 400,000 

300,000 

200,000 

100,000 

o 

0 

o 

100,000 200,000 300,000 400.000 500,000 

ALT ITUDE , ft 

Fig . A-6 

0 .1 0 .2 0 .3 0.4 05 0.6 0 .7 O.B 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEH ICLE POSITIONS surface range 
, Mars radiUS 

Fig. A-8 

11 



JPL T ECHNICAL REPORT NO, 32-458 ________________________ _ 

400,000 

350.000 

:: 300,000 

W 
e 
::::> 250,000 
I-

5 
<t 200.000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

Cl: 
W 30.0 
CD 
::;: 
::::> 
z 25.0 
:r: 
u 
<t 
::;: 20.0 

15.0 

10.0 

5.0 

0 

12 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig , A-9 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-II 

40,000 

36,000 

32,000 

28,000 

<> 
Q) 

'" 24,000 ..... -
~ 20,000 l-
t) 
0 
...J 

16,000 W 
> 

12,000 

8000 

4000 

0 

:;: 4500 

'" 
"':: 

..... 4000 
::::> 
I-
CD 
W 3500 

!;:t 
Cl: 3000 
(!) 
Z 

~ 2500 
w 
:r: 
I- 2000 
Z 
(5 
(l. 

1500 
Z 
0 
~ 1000 <t 
z 
(!) 
<t 
I-
(f) 

500 

0 

0 200,000 300.000 400,000 500,000 

ALTITUDE, ft 

Fig, A-I0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITU DE, ft 

Fig, A-12 



-------------__________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
": 
0 

2800 
"-l\I -"- 2400 .CJ 

W 
a:: 

2000 ::::> 
en 
en 
w 
a:: 1600 
0. 

u 
~ 1200 
<! 
z 
>-
0 800 

400 

0 
0 100,000 200.000 300,000 

ALTITUDE, ft 

Fig. A-13 

0.20 
"0 

~ 

Z 0 
0 
!::! 
a:: 
0 
I 

...J « 
U g 
0 
z « 
l<J 
:". 

Z 
W 
W 
~ 
I-
W 
aJ 

W 
...J 
(.!) 

- lAO Z « 
...J « - 1.60 
U 
0 
...J 

- 1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-15 

0 

-1000 

-2000 

l\I -3000 
u ., 
'" ~ -4000 

Z 
0 
~ -5000 
« a:: 
w 
...J -6000 
W 
u u « -7000 

- 8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W 
0 
::::> 500,000 
!::: 
I-
...J 
« 400,000 

300,000 

200,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, ft 

Fig. A-14 

0 .1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEH ICLE POSITIONS, Mars radius 

Fig, A-16 

13 



L 

JPL T ECH N ICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350,000 

i :::::1 
5 
<t 200,000 

150,000 

100,000 

50,000 

o 

50.0 

4 5.0 

40.0 

35.0 

a:: 
W 30.0 
al 
:::;: 
=> 
Z 25.0 
I 
U 
<t 
:::;: 20.0 

15.0 

10.0 

5.0 

0 

14 

o 

0 

100 200 300 4 00 500 600 700 800 900 1000 

TI ME, sec 

Fig . A- 17 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig.A- 19 

40,000 

36,000 

32,000 

28,000 

u 
~ 24,000 " ;:: 

~ 
20,000 f-

G 
0 
...J 

16,000 W 
> 

12,000 

8 000 

4000 

0 

~ 4500 
V> 

"';:: 
" 4000 
=> 
f-
al 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
W 
I 

f- 2000 
Z 

0 
a.. 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 
<t 
f- 500 
(f) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-18 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-20 



-------________________ JPL TECHNICAL REPORT NO. 32-458 

<D ,.... 

3600 

3200 

c:i 2800 
~ 
~ 2400 

w-
a:: 2000 ::::> 
(f) 
(f) 
w 
a:: 1600 a.. 
~ 
::E 1200 
<l: 
z 
>-
0 800 

400 

0 

0.20 
-0 

E' 

Z 0 
0 
~ 
a:: -0.20 
0 
I 

...J 
<l: -0.40 
u g 
0 -0.60 
z 
<{ 

~ -0.80 

z 
w 
W -1.00 
~ 
f-
W 
III -1.20 
w 
...J 
(!) 

-1.40 z 
<{ 

...J 
<{ -1.60 u 
0 
...J 

-1.80 

0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig, A-21 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-23 

0 

-1000 

-2000 

'" -3000 
u 
Q) 

'" 2: -4000 

Z 
0 

~ 
-5000 

a:: 
W 
...J -6000 
W 
u 
u 
<l: -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W-
0 
::::> 500,000 
f-
f= 
...J 
<{ 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, fI 

Fig. A-22 

0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig, A-24 

1.0 

15 



L __ 

JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

4S0,OOO 

:: 300,000 

W-
0 
::::> 2S0,OOO 
l-

S 
<! 200,000 

ISO,OOO 

100,000 

SO,OOO 

o 
o 100 200 300 400 SOO 600 700 800 900 1000 

TI ME, sec 

Fig . A-25 

50.0 

4S.0 

40.0 

3S.0 

a:: 
w 30.0 
CD 
::< 
::::> 
z 2S.0 
I 
'-' <! 
::< 20.0 

I IS.O_ 

10.0 

S.O 

0 
0 100,000 200,000 300,000 400,000 SOO,OOO 

ALTITUDE, ft 

Fig. A-27 

16 

40 ,000 

36,000 

32,000 

28,000 

<> 
Q) 

'" 24,000 "' 
~ 

20,000 I-
U 
0 
...J 
w 
> 

16,000 

12,000 

8000 

4000 

0 
0 

SOOO 

~ 4S00 

'" 
"':: 
"' 4000 
::::> 
I-
CD 

W 3S00 

~ 
a:: 3000 

<.!l 
Z 

~ 2S00 
w 
I 

I- 2000 
z 
0 
a.. ISOO 
z 
0 
i= 1000 <! 
z 
<.!l 
<! 
I- 500 en 

0 

200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-26 

0 100,000 200,000 300,000 400,000 SOO,OOO 

ALTITUDE , ft 

Fig. A-28 



_______________________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
to 
I'-

0 
"-

2800 
N 

~ 2400 

W 
0:: 

2000 ::::> 
(f) 
(f) 
W 
0:: 1600 
Cl. 

2 
:::;: 1200 « 
z 
>-
Cl 800 

400 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A·29 

0.20 
"0 

~ 

Z 
0 
N 
ir 
0 
:r 
...J « 
0 

9 
0 
z « 
l<J 
::". 
z 
w 
w -1.00 
~ 
t-
W 
al -1.20 
W 
...J 
(!) 

-1.40 Z « 
...J « - 1.60 
0 

9 
-1.80 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-31 

0 

- 1000 

-2000 

N - 3000 
0 
Q) 

'" :;: - 4000 

Z 
0 

~ 
- 5000 

0:: 
W 
...J 
W 
0 
u 
« 

- 8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
::::> 500,000 
l-
f=: 
...J 
« 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-30 

0 .1 0 .2 0.3 0.4 0 .5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig. A-32 

17 



JPL TECHNICAL REPORT NO. 32·458, ________________________ _ 

500,000 

450,000 

400,000 

350,000 

~ 300,000 

W-
0 
::J 250,000 
I-

5 
<! 200.000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

cr 
W 30.0 
ID 
:::< 
::J 
Z 25.0 
:r: 
u 
<! 
:::< 20.0 

15.0 

10.0 

5.0 

0 

18 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A-33 

200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-35 

40,000 

36,000 

32,000 

28,000 

u ., 
on 24,000 '-

~ 
20,000 !::: 

u 
0 
....J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 4500 
on 

'" -'- 4000 
::J 
I-
ID 

W 3500 

~ 
cr 3000 
(!) 
z 
ti 2500 
W 
:r: 
I- 2000 
Z 

6 
a.. 1500 
Z 
0 
;::: 

1000 <! 
Z 
(!) 
<! 
I- 500 
(f) 

0 

0 100.000 200,000 300.000 400.000 500.000 

ALTITUDE, ft 

Fig . A-34 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig . A·36 

I 

j 



-------_________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
10 
I'-
ci 

.::::: 2800 

'" 
:;:; 2400 

W 
cr 

2000 ::J 
ff) 
ff) 
W 
cr 1600 
Cl.. 

u 
~ 1200 
<{ 
z 
~ 
0 800 

400 

0 
0 100.000 200,000 300,000 400POO 500,000 

ALTITUDE, ff 

Fig. A-37 

0 .20 
'0 

~ 

Z 0 
0 
N 
cr -0.20 
0 
:r: 
...J 
<{ -0.40 
u 
9 
0 -0.60 
Z 
<{ 

lJ.J -0.80 ::,. 

Z 
W 
W -1.00 
3: 
I-
W 
III -1.20 
W 
...J 
(!) 

-1.40 Z 
<{ 

...J 
<{ -1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, If 

Fig. A-39 

0 

-1000 

-2000 

'" -3000 
0 

~ :: -4000 

Z 
0 

~ 
-5000 

cr 
W 
...J -6000 
W 
U 
u 
« -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
::J 500,000 
!::: 
~ 
<{ 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , If 

Fig. A-38 

0 .1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-40 

1.0 

19 



J P L TEC H NICAL REPORT NO. 32-458 ________________________ _ 

450,0 00 

400,000 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30 .0 
CD 
::< 
=> z 25.0 
I 
U 
<t 
::< 20 .0 

15.0 

10 .0 

5.0 

0 

20 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-41 

200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig . A-43 

40,000 

36,000 

32,000 

28,000 

<) ., 
'" 24,000 '-

~ 
20,000 f-

U 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" N -'- 4000 
=> 
f-
CD 

W 3500 

~ 
a:: 3000 
(!) 

Z 

~ 2500 
w 
I 

f- 2000 
Z 

0 
0.. 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 

<t 
f-
Cf) 

500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , II 

Fig . A-42 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-44 



------------------_____ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 
~ 
0 

2800 
"-
'" 
~ 2400 

W 
a: 2000 ::::l en 
en 
w 
a: 1600 
Il. 

0 

i 1200 
<! 
Z 
>-
0 800 

400 

0 
0 200,000 300,000 

ALTITUDE, fl 

Fig. A-4S 

0.20 .., 
~ 

Z 0 
0 
N 
OC 
0 

-0.20 

I 

...J 
<! -0.40 
0 g 
0 -0.60 
Z 
<! 

~ -0.80 

Z 
W 
W -1.00 
3: 
I-
W 
aJ -1.20 
W 
...J 
<.!l -1.40 Z 
<! 

...J 
<! -1.60 
0 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, fl 

Fig. A-47 

0 

-1000 

-2000 

'" -3000 
<.> 
Q) 
on :: -4000 

Z 
0 
i= -5000 
<! 
a: 
W 
...J 
W 

-6000 

U 
0 
« -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800POO 

700,000 

;: 600,000 

W 
0 
::::l 500,000 
!::: 
I-
...J 
« 400,000 

300,000 

200,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALT ITUDE, ft 

Fig. A-46 

0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AN D 

CURRENT VEH ICLE POS IT ION S surface range 
, Mars rad iUS 

Fig. A-48 

1.0 

21 



J PL T ECH NICAL REPORT NO. 32-458 ________________________ _ 

450.000 

400,000 

350,000 

:: 300,000 

w 
o 
~ 250,000 

5 
<t 200.000 

150,000 

100,000 

50,000 

o 

50.0 

4 5.0 

40.0 

35.0 

a:: 
w 30.0 
CD 
::;: 
::l 
z 25.0 
I 
U 
<t 
::;: 20.0 

15.0 

10.0 

5.0 

2 2 

o 100 200 300 4 00 500 600 700 600 900 1000 

TIME, sec 

Fig. A-49 

200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig . A-51 

40,000 

36,000 

32,000 

26,000 

u 
Q) 
<f) 

24,000 "-

.,: 
20,000 l-

t) 
0 
..J 

16,000 w 
> 

12,000 

6000 

4000 

0 

~ 4500 
<f) 

'" 
:::: 4000 
::l 
I-
CD 

w" 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
Z 
6 
Cl. 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 

~ 
(f) 

500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-50 

0 100,000 200,000 300,000 400,000 50 0 ,000 

ALTI TUDE, ft 

Fig. A-52 



-------------- ---- _ _ ____ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
I': 
0 

..;:::: 2800 
C\l 

~ 2400 

z 
o 
N 

W 
a:: 
:::J en 
en 
w 
a:: 
Cl. 

~ 
::i! 
<t 
z 
>-
0 

2000 

1600 

1200 

800 

400 

0 

o 

~ -0.20 
I 

...J 
<t -0.40 
u 
9 
o 
z 
<{ 

~ -0.80 

z 
w 
W -1.00 
~ 
f-
W 
(I) -1.20 
W 
...J 

~ -1.40 
<{ 

...J 
(3 -1.60 

9 
-1.80 

0 

o 

Fig. A-53 

100,000 200,000 300,000 

ALTITUDE, II 

Fig. A-55 

400POO 500,000 

400,000 500,000 

W 
o 
:::J 

'= 
~ 
<{ 

0 

-1000 

-2000 

C\l -3000 
<) 
Q) 

'" ...... - - 4000 

Z 
0 

ti -5000 

a:: 
W 
...J -6000 
W 
u 
u 
<{ 

-7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A-54 

I 

0 .1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surlace range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig. A-56 

1.0 

23 

I 

I 
_J 



JPL T ECHNICAL REPORT NO, 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350.000 

~ 300,000 

w" 
0 
:::> 250,000 
I-

5 
~ 200.000 

150,000 

50,000 

o 
o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-57 

50.0 

45.0 

40.0 

35.0 

a: 
IJJ 30.0 
CD 
:::;: 
:::> 
z 25.0 
:r: 
(J 
~ 
:::;: 20.0 

15.0 

10.0 

5.0 

0 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, II 

Fig, A-59 

24 

40,000 

36,000 

32,000 

28,000 

<) 
Q) 

'" 24,000 .... -
~ 

20,000 l-
t) 
0 
...J 

16,000 IJJ 
> 

12,000 

~ 4500 
'" N -.... 4000 

:::> 
I-
CD 
w" 3500 

~ 
a: 3000 
(!) 
Z 

~ 2500 
IJJ 
:r: 
I- 2000 
z 
(5 
n. 1500 
z 
0 
i= 1000 ~ 
z 
(!) 

;:! 
Cf) 

500 

0 

o 100.000 200,000 300.000 400,000 500,000 

ALTITUDE, fI 

Fig , A-58 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig . A-60 



_________________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
to 
r--
ci 

.;::: 2800 

'" 
~ 2400 

W-
a:: 

2000 ::::> 
(f) 
(f) 
w 
a:: 1600 
11. 

5d 
::< 1200 « z 
>-
0 

800 

400 

0 
0 400POO 500,000 

Fig. A-61 

0.20 
"0 

~ 

z" 0 
0 
r:::! 
a:: 
0 

-0.20 

I 

...J 
« -0.40 
u 
0 
...J 

0 -0.60 
z « 
4J -0.80 
~ 

z 
w 
w -1.00 
~ r-
w 
<Il -1.20 
W 
...J 
(!) 

-1.40 z 
« 
...J 
« "1.60 u 
0 
...J 

-1.80 
0 10 0,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-63 

0 

-1000 

-2000 

'" -3000 
() 

~ 

2 - 4000 

z" 
0 
i= -5000 
« a:: 
w 
...J -6000 
W 
u u 
« -7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

= 600,000 

W-
0 
::::> 500,000 r-
5 « 400,000 

300,000 

200,000 

100,000 

0 

0 

0 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, ft 

Fig. A-62 

0.1 0.2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-64 

1.0 

25 



JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

SOO,OOO 

4S0,000 

400,000 

3S0,000 

;:: 300,000 

W-
0 
::::> 2S0,000 
f-

S 
<t 200,000 

150,000 

100,000 

50,000 

SO.O 

4S.0 

40.0 

3S.0 

a:: 
W 30.0 
CD 
~ 
::::> 
z 25.0 
I 
U 
<t 
~ 20.0 

15.0 

10.0 

5.0 

0 

26 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-65 

200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-67 

40,000 

36,000 

32,000 

28,000 

u 

'" "' 24,000 " -
~ 

20,000 f-
U 
0 
..J 

16,000 W 
> 

12 ,000 

8000 

4000 

0 

~ 4500 
"' 

'" -" 4000 
::::> 
f-
CD 
W 3500 

~ 
a:: 3000 
(!) 
z 
ti 2500 
W 
I 

f- 2000 
z 
0 
0.. 1500 
z 
0 
f= 1000 <t 
Z 
(!) 
<t 
f-
(f) 

500 

0 

0 100,000 200,000 300,000 400,000 SOO,OOO 

ALTITUDE, fl 

Fig. A-66 

0 100,000 200,000 300,000 

ALTITUDE, fl 

Fig. A-68 



L 

-----------------_______ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 
/'-
0 

..;::: 2800 
N 

~ 2400 

W-
0:: 

2000 ~ en en 
w 
0:: /600 
Cl.. 

~ 
::E 120.0. 
<l: z 
>-
0 

80.0 

400 

0 
0 /00.000 

0.20 
"0 

~ 

Z 0 
0 
N 
0:: -0.20 
0 
:I: 

...J 
4: -0.40 
u 
9 
0 -0.60 
Z 
4: 

l<J -0.80 :::. 
z 
w 
W -1.00 
~ 
I-
W 
CD -1.20 
W 
...J 
(!) 

-/.40 z 
4: 
...J 
4: -1.60 u 
0 
...J 

-1.80 
0 100,0.00 

200,000 300,000 400POO 500,000 

ALTITUD E, ft 

Fig. A-69 

:: 
W 
0 
~ 

!::: 
I-
...J 
4: 

200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-71 

0 

-1000 

-2000 

N -~OOO 
<J 
Q) 
VI 

~ - 4000 

Z 
0 

~ 
- 5000 

0:: 
W 
...J -6000 
W 
u 
u 
4: -7000. 

- 800.0. 

-9000 

-10.,000 
0 100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, ft 

Fig. A-70 

900,000 

800,000 

700,000 

600,000 

500,000 

400,000 

300,000 

200.,0.00 

100,000 

o 
o 0./ 0.2 0 .3 0.4 05 0 .6 0.7 0.8 0 .9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS , -=-=-=..::.::....:.==~ 
Mars radius 

Fig. A-72 

27 



J PL T ECHNICAL REPORT NO. 32·458 _______________________ _ 

500.000 

450.000 

400,000 

350,000 

;:: 300,000 

W-
0 
::> 250,000 
l-

S 
<t 200,000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

a: 
w 30.0 
CD 
::;: 
::> 
z 25.0 
I 
<.) 
<t 
::;: 20.0 

15.0 

10.0 

5.0 

2 8 

L- __ . 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A· 73 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A·75 

40,000 

36,000 

32,000 

28,000 

u 
Q) 

'" 24,000 "-

~ 
20,000 l-

t) 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" 

"'-
, 4000 
::> 
I-
CD 
W 3500 

~ 
a: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
Z 
0 
Q 

1500 
Z 
0 
i= 1000 <t 
Z 
(!) 

~ 
en 500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A·74 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A·76 



L 

--------------__________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
r-: 
0 

2800 
'-N 

~ 2400 

W-
I!:: 

2000 ::::l 
(j) 
(j) 
W 
I!:: 1600 
Cl. 

() 

~ 1200 
<{ 
Z 
>-
Cl 

800 

400 

0 
0 

Fig, A-77 

0.20 
-0 

~ 

Z 0 

0 
N 
cr -0.20 
0 
:c: 
...J 
« -0.40 
() 

g 
Cl - 0.60 
Z 
« 
t..J -0.80 
:", 

Z 
W 
W - 1.00 
~ 
f-
W 
II) -1.20 
W 
...J 
(!) 

-1.40 Z 
« 
...J « -1.60 u 
0 
...J 

-1.80 
0 100.000 200.000 300,000 

ALTITUDE, ft 

Fig. A-79 

0 

-1000 

-2000 

N -3000 
0 
cu 
vo 

::::: - 4000 -
Z 
0 
i= -5000 
« 
I!:: 
W 
...J -6000 
W 
() 
() 

« -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

;:: 600,000 

W-
0 
::::l 500,000 
t:: 
f-
...J 
« 400,000 

300,000 

200,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE , ft 

Fig. A-78 

0 .1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEH ICLE POSIT IONS surface range 
• Mars rad iUS 

Fig. A-80 

1.0 

29 



JPL TECHNICAL REPORT NO. 32-458. ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
:::J 250,000 
f-

5 
<t 200,000 

150,000 

100,000 

o 

50.0 

45.0 

40.0 

35.0 

OC 
w 30.0 
CD 
:::E 
:::J 
Z 25.0 
I 
U 
<t 
:::E 20.0 

15.0 

10.0 

5.0 

0 

30 

1_ 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-81 

100,000 200.000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-83 

40,000 

36.000 

32,000 

28,000 

0 

~ 24,000 '-

~ 
20,000 f-

t) 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
VI 

N --'- 4000 
:::J 
f-
CD 

W 3500 

~ 
OC 3000 
(!) 
Z 

~ 2500 
w 
I 

f- 2000 
Z 

0 
Q. 

1500 
Z 
0 
~ 1000 <t 
Z 
(!) 

~ 500 en 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, f1 

Fig . A-82 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-84 



________________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
to 
": 
0 

.:::::: 2800 

'" 
~ 2400 

W-
a:: 

2000 ::::> en 
en 
w 
a:: 1600 
CL 

0 

i 1200 « 
z r 
0 

800 

400 

100,000 200,000 300,000 400.000 500,000 

ALTITUDE, fl 

Fig . A-85 

0.20 
"0 

~ 

Z 0 
0 
N 
a:: - 0.20 
0 
I 

-I 
« -0040 
0 g 
0 - 0.60 
Z « 
l<.i -0.80 :,. 
z 
w 
W - 1.00 
:;= 
I-
W 
III - 1.20 
W 
-I 
c.!l - lAO Z 
« 
-I « -1.60 
U 
0 
-I 

-1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-87 

0 

- 1000 

-2000 

'" -3000 
u 
Q) 
vo :: - 4000 

Z 
0 
f:: -5000 
« 
a:: 
w 
-I -6000 
W 
U 
u 
« -7000 

- 8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W-
0 
::::> 500,000 
l-
f:: 
-I « 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400.000 500,000 

ALTITUDE, fI 

Fig. A-86 

0.1 0 .2 0 .3 0.4 0.5 0 .6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig. A-88 

1.0 

31 



JPL TECHNICAL REPORT NO. 32-458. ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
::J 250,000 
l-

S 
<{ 200,000 

150,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

0:: 
W 30.0 
al 
::. 
::J 
Z 25.0 
:r: 
U 
<{ 
::. 20.0 

15.0 

10.0 

5.0 

0 

32 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A-89 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-91 

40,000 

36,000 

32,000 

4000 

o 

~ 4500 
II> 

'" 
:::: 4000 
::J 
I-
al 

W 3500 

~ 
0:: 3000 
(!) 
Z 

~ 2500 
W 
:r: 
I- 2000 
Z 

a 
a. 1500 
z 
0 
i= 1000 <{ 
Z 
(!) 

~ en 500 

0 

o 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-90 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-92 



----------------________ JPL TECHNICAL REPORT NO, 32-458 

4000 

3600 

32.00 
<0 
r--
ci 

..::::: 2800 
N 

~ 2400 

W-
cr 2000 ~ 
en 
en 
w 
cr 1600 
0.. 

~ 
~ 1200 
<! 
z 
>-
0 

800 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig, A-93 

0.20 
"0 

~ 

;i 0 
0 
N 

cr -0.20 
0 
I 

...J 
<! -0.40 
U 
g 
0 -0.60 
z 
<! 
l,.j - 0.80 
~ 

z 
w 
w -1.00 
:;: 
f-
w 
tIl -1.2.0 
w 
...J 
<.? -1.40 z 
<! 

...J 
<[ -1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig, A-9S 

0 

- 1000 

-2000 

N -3000 
<.> 

'" <I> 
"-- - 4000 

;i 
0 
i= -5000 
<[ 
cr 
W 
...J -6000 w 
U 
u 
<[ 

- 7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

.:: 600,000 

W-
0 
~ 500,000 
!::: 
f-
...J 
<! 400,000 

300,000 

200,000 

100,000 

0 

0 

0 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE , fl 

Fig, A-94 

0 .1 0 .2 0 .3 0.4 0.5 0 .6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INIT IAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig , A-96 

1.0 

33 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
:::> 250,000 
I-

5 
<t 200,000 

150,000 

100,000 

o 

50.0 

45.0 

40.0 

35.0 

a:: 
W 30.0 
ID 
::E 
:::> 
z 25.0 
I 
U 
<t 
::E 20 .0 

15.0 

10 .0 

5.0 

0 

34 

o 

0 

100 200 300 400 500 600 700 600 900 1000 

TIME, sec 

Fig . A-97 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-99 

40,000 

36,000 

32,000 

26,000 

u 

'" '" 24,000 '-:: 
~ 

20,000 !::: 
u 
0 
..J 
W 
> 

16,000 

12,000 

6000 

4000 

0 

~ 4500 
'" N -'- 4000 

:::> 
I-
ID 

W 3500 

~ 
a:: 3000 
(9 
Z 

~ 2500 
W 
I 

I- 2000 
Z 

0 
n. 1500 
Z 
0 
i= 1000 <t 
Z 
(9 
<t 
I- 500 
(f) 

0 

0 100.000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-98 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-100 



---------------_________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
ID 
t-
O 

2BOO ........ 
CIJ 

:;; 2400 

W 
cr 

2000 ::::> 
Cf) 
Cf) 
W 
cr 1600 c.. 
~ 
:::!: 1200 
<t 
z 
r 
Cl BOO 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig.A-l0l 

0 .20 
"C 

~ 

Z 0 
0 
N 
cr 
0 

-0.20 

I 

...J 
<t -OAO 
U g 
Cl -0.60 = z 
<t W 

Cl 
l<J -O.BO ::,. 

::::> 
r 

z 
w 
w -1.00 

i= 
...J 
<t 

~ 
r w 
CIl -1.20 

w 
...J 
(!) 

-lAO Z 
<t 
...J 
<t -1.60 
U 
0 
...J 

-LBO 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

0 

- 1000 

-2000 

N - 3000 
<.> 
Q) 
<n ..... - -4000 

Z 
0 
i= -5000 
<t cr 
W 
...J -6000 
w 
U 
U 
<t -7000 

-BOOO 

- 9000 

-10.000 
0 

1,000,000 

900,000 

BOO,OOO 

700,000 

600,000 

500,000 

400.000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-l02 

0.1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 O.B 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

1.0 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350,000 

:: 300,000 

w 
o 
~ 250,000 

S 
<{ 200.000 

150,000 

100,000 

50,000 

o 

50.0 

4 5.0 

40.0 

35.0 

a:: 
w 30.0 
eD 
::;: 
~ 
Z 25.0 
:r: 
u 
<{ 
::;: 20.0 

15.0 

10 .0 

5.0 

0 

36 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TI ME, sec 

Fig. A-l 05 

200.000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-107 

40,000 

36,000 

32,000 

28,000 

CJ ., 
V> 24,000 ..... 
:: 
~ 

20,000 I-
U 
0 
...J 
w 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
V> 

"';:: 
..... 4000 
~ 
I-
eD 

W 3500 

~ 
a:: 3000 
(!) 
Z 

t;i 2500 
w 
:r: 
I- 2000 
Z 
0 
D- 1500 
Z 
0 
i= 1000 <{ 
Z 
(!) 

~ 
(f) 

500 

0 

0 100,000 200,0 0 0 300,000 400,0 0 0 500,000 

ALTITUDE, f l 

Fig . A-106 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-lOS 

j 



----------______________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 
I'-; 
0 

2800 ...::::: 
'" -..... 2400 .0 

W-
0:: 

2000 :::> 
Cf) 
Cf) 

W 
0:: 1600 
0.. 

~ 
::< 1200 « 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300.000 

ALTITUDE , ft 

Fig,A-l09 

0.20 
"0 

~ 

Z 0 

0 
N 
1i: 
0 

-0.20 

I 

...J 
« -0.40 
u g 
0 -0.60 
Z « 
l<J -0.80 :::. 
Z 
W 
W -1.00 
~ 
J-
W 
III -1.20 
W 
...J 
(!) 

-1.40 Z 
« 
...J 
« -1.60 u 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig, A-l11 

0 

- 1000 

-2000 

'" -3000 

" ., 
VI ..... - -4000 

Z 
0 
i= -5000 
« 
0:: 
W 
...J -6000 
W 
u 
u « -7000 

- 8000 

-9000 

-10,000 
400.000 500,000 

1.000,000 

900.000 

800,000 

700,000 

;: 600,000 

W-
0 
:::> 500,000 
t: 
~ 
« 400,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-ll0 

0 .1 0 .2 0 .3 0 .4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INI TIAL AND 

CURRENT VEHICLE POSITIONS surface range 
I Mars rad iu s 

Fig. A-112 

1.0 

37 



1 __ -

JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350,000 

.:: 300,000 

w 
o 
~ 250,000 

5 
<1 200.000 

150,000 

100.000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

0:: 
w 30.0 ro 
:::.;: 
::::J 
Z 25.0 
:r: 
U 
<1 
:::.;: 20.0 

15.0 

10.0 

5.0 

0 

38 

o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A- 11 3 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A- 115 

40,000 

36,000 

32,000 

28,00 0 

u 
Q) 
V> 24,000 '--
~ 

20,000 l-
e::; 
0 
..J 

16,000 w 
> 

12 ,000 

8000 

4000 

0 

~ 4500 
V> 

'" -'- 4000 
::::J 
I-ro 
W 3500 

~ 
0:: 3000 
(!) 
Z 

~ 2500 
w 
:r: 
I- 2000 
Z 

0 
0.. 1500 
Z 
0 
i= 1000 <1 
Z 
(!) 
<1 
I-
(f) 

500 

0 

0 100,000 200,000 300.000 400,0 0 0 500,000 

ALTITUDE, ft 

Fig . A-114 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fI 

Fig . A-1 16 

I 
I 

I 



~ -~-- --- - - - - - -. '--- ~------." - - _ .. - - --- --.--------~--

--------------- ___ ___ ___ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
W 
r-: 
0 

-;::: 2800 
N -"- 2400 .0 

W 
cr 

2000 :::> en 
en 
w 
cr 1600 
Cl-

!,1 
::E 1200 
~ 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig_ A-ll7 

0 .20 
'0 

~ 

Z 0 
0 
N 

cr -0.20 
0 
I 

-1 
~ -0.40 
U g 
0 -0.60 
Z 
~ 

t..J -0.80 
~ 

z 
w 
W -1.00 
~ 
I-
W 
CD - 1.20 
W 
-1 
C> - 1.40 z 
~ 

-1 
~ -1.60 
U 
0 
-1 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-119 

0 

- 1000 

-2000 

N - 3000 
0 ., 
V> 

~ -4000 

Z 
0 
1= -5000 
~ 
cr 
W 
-1 
W 

-6000 

U 
U 
~ -7000 

- 8000 

-9000 

-10,000 

900,000 

800,000 

700,000 

;:: 600,000 

W o 
~ 500,000 

5 
~ 400,000 

300,000 

200,000 

100,000 

o 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, fI 

Fig_ A-llS 

0.1 0 .2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars radius 

Fig . A-l20 

1.0 

39 



J PL T ECHNICAL REPORT NO. 32·458 ________________________ _ 

500,000 40 ,000 

450,000 36,000 

400,000 32,000 

350,000 28,000 

" Q) 
<f) 

24,000 ..... :: 300,000 

W 
~ 

20,000 I-
U 
0 
...J 

16,000 w 

a 
::::J 250,000 
I-

5 
<[ 200,000 

> 

150,000 12,000 

100,000 8000 

50,000 4000 

100 200 300 400 500 600 700 800 900 1000 200,000 300,000 400,000 500,000 

TIME, sec ALTITUDE, f t 

Fig.A-121 Fig. A-122 

50.0 

45.0 ~ 4500 
<f) 

N 

40.0 -..... 4000 
::::J 
I-
al 

35.0 W 3500 

Il: 
w 30.0 
al 
::;: 
::::J 
Z 25.0 

~ 
Il: 3000 
(!) 
z 
~ 2500 

I w 
u 
<[ 

I 

::;: 20.0 I- 2000 
Z 

0 
15.0 n. 1500 

z 
0 

10.0 f= 1000 <[ 
Z 
(!) 
<[ 

5 0 I- 500 
CfJ 

0 0 
0 100,000 200,000 300,000 400,000 500,000 0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft ALTITUDE, ft 

Fig . A-123 Fig . A-124 

40 

L __ 



_______________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
r-: 
0 

2800 
"-
'" 
~ 2400 

W 
cr 

2000 => 
(f) 
(f) 
W 
cr 1600 a.. 
2 
:E 1200 « 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, It 

Fig. A-125 

0.20 

" ~ 
z 0 
0 
N 
cr 
0 

-0.20 

:r: 
...J 
« -0.40 
(J 

9 
0 -0.60 
z « 
lu -0.80 
~ 

z 
w 
W -1.00 
~ 
I-
W 
<D -1.20 
W 
...J 
c:> -1.40 z « 
...J 
« -1.60 
(J 
0 
...J 

-1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A-127 

0 

-1000 

-2000 

'" -3000 
u ., 
on 

2: -4000 

Z 
0 
f= -5000 
« cr 
w 
...J -6000 
W 
(J 
(J 
« -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W-
0 
=> 500,000 
~ 
I-
...J « 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE , It 

Fig. A-126 

0.1 0 .2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surlace range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-128 

1.0 

41 



J PL TECHNICAL REPORT NO. 32-458 ________________________ _ 

w 
o 
=> 
I-

5 « 

4 2 

450,000 

400,000 

350,000 

50.0 

45.0 

4 0.0 

35.0 

Il: 
W 30.0 
CD 
::;: 
=> 
Z 25.0 
I 
() 
« 
::;: 20.0 

15.0 

10.0 

5.0 

0 
0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-129 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A- 131 

40,000 

36,000 

32,000 

28,000 

u 
Q) 
V> 24,000 '-= 
~ 

20,000 l-
t) 
0 
...J 

16,000 W 
> 

12 ,000 

8000 

4000 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-130 

~ 4500 
V> 

N -'- 4000 
=> 
I-
CD 

W 3500 

~ 
Il: 3000 
(9 

z 
Ei 2500 
W 
I 

I- 2000 
Z 
(5 
n. 1500 
Z 
0 
~ 1000 « 
Z 
(9 

« 
I- 500 
(f) 

0 
0 100,000 200,000 300,000 400 ,000 500,000 

ALTITUDE , ft 

Fig. A-132 

I 

J 



I 

I 

[ 

r 

I 
I 

I 
I 

r 

I 

------------ - --___ ______ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
<D 
t-
O 

..:::::: 2800 

'" 
:;; 2400 

W-
a: 

2000 :::> en en 
w 
a: 1600 
0.. 

m 

52 
::E 1200 
<l: 
z 
>-
Cl 800 

400 

0 
0 100.000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig. A-1 33 

0.20 
"0 

~ 

Z 0 
0 
r:::! 
a: -0.20 
0 
I 

.J 
<l: -0.40 
u 
:I 
Cl -0.60 
Z 
<l: 

~ -0.80 

z 
w 
W - 1.00 
:;: 
I-
W 
(]) - 1.20 
w 
.J 
(!) 

- 1.40 Z 
<l: 

.J 
<l: - 1.60 u 
0 
.J 

- 1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-135 

0 

-1000 

-2000 

'" -3000 
0 ., 
'" 2: -4000 

Z 
0 
i= -5000 
« a: 
w 
.J 
W 

-6000 

u 
u 
<l: - 7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

;:: 600,000 

W-
Cl 
:::> 500,000 
I-
i= 
.J 
<l: 400,000 

300,000 

200,000 

100,000 

0 

0 

0 

100,000 200,000 300,000 4OOpoo 500,000 

ALT ITUDE , fI 

Fig. A-134 

0.1 0 .2 0.3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-136 

1.0 

43 



JPL TECHNICAL REPORT NO. 32-458 _________________________ _ 

450,000 

400,000 

350,000 

:: 300,000 

u.i 
0 
:;:) 250,000 
I-

5 
<t 200.000 

150,000 

100,000 

50,000 

o 
o 100 200 300 400 500 600 700 BOO 900 1000 

TIME, sec 

Fig. A-137 

50.0 

45.0 

40.0 

35.0 

a: 
w 30.0 
CD 
:::< 
:;:) 

z 25.0 
I 
U 
<t 
:::< 20.0 

15.0 

10.0 

5.0 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig . A-139 

44 

40,000 

36,000 

32,000 

2B,OOO 

u 
Q) 
<II 24,000 " -
~ 

20,000 l-
t) 
0 
...J 

16,000 w 
> 

12,000 

BOOO 

4000 

0 

5000 

~ 4500 
<II 

"':: 
" 4000 
:;:) 
I-
CD 

u.i 3500 

~ 
a: 3000 
(!) 
z 
li 2500 
w 
I 

I- 2000 
Z 
(5 
Cl. 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 
<t 
I-
U) 

500 

0 

0 100,000 200,000 300.000 400,000 500,000 

ALTITUDE, It 

Fig. A-138 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , It 

Fig. A-140 



----------------- - - - ___ J P L TECHNICAL REPORT NO, 32-458 

4000 

3600 

3200 
<D 
I'-

ci 
2800 

'-
'" --"- 2400 Ll 

W-
cr 

2000 ::J 
CfJ 
CfJ 
W 
cr 1600 
Q. 

<..) 

~ 1200 « 
Z 
~ 
Cl 

800 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITU DE, ft 

Fig.A-141 

0.20 
-0 

~ 

Z 0 
0 
N 

cr 
0 

-0.20 

I 

...J 
« -0.40 
<..) 

g 
Cl -0.60 
Z « 
l<J -0.80 ::,. 
z 
w 
W -1.00 
~ 
f-
W 
CD -1. 20 

W 
...J 
t? -1.40 Z 
« 
...J 
« -1.60 
<..) 

0 
...J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-1 43 

0 

- 1000 

-2000 

'" -3000 

" ., 
oJ) 

2: - 4000 

Z 
0 
i= -5000 
« cr 
w 
...J - 6000 
W 
<..) 
<..) 

<t -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W-
Cl 
::J 500,000 
!::: 
f-
...J 
« 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, ft 

Fig. A-142 

0.1 0 .2 0.3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITI ONS, Mars radius 

Fig. A- 144 

1.0 

45 



JPL TECHNICAL REPORT NO. 32-458, ________________________ _ 

500,000 40,000 

450,000 36,000 

400,000 32,000 

350,000 28,000 

u 
Q) 

.:: 300,000 on 24,000 ..... 
W 
Cl 
::::> 250,000 
I-

5 « 200,000 

-
~ 

20,000 I-
U 
0 
...J 

16,000 W 
> 

150,000 12,000 

100,000 8000 

50,000 4000 

0 
100 200 300 400 500 600 700 800 900 1000 0 100,000 200,000 300,000 400,000 500,000 

TIME, sec ALTITUDE, fl 

Fig . A- 145 Fig. A-146 

50.0 

45.0 ~ 4500 
on 

N 

40.0 -..... 4000 
::::> 
I-
al 

35.0 W 3500 

Cl: 
W 30.0 

~ 
Cl: 3000 

al 
::;; 
::::> 
z 25.0 

(!) 
Z 

~ 2500 
I W 
U I « 
::;; 20.0 I- 2000 

z 
0 

15.0 
Cl.. 1500 
z 
0 

10.0 i= 1000 « z 
(!) 

5.0 ~ 500 en 

0 0 
0 200,000 300,000 400,000 500,000 0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl ALTITUDE , fl 

Fig . A-147 Fig . A-148 

46 



-------________________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
c.o ..... 
ci 
"-

2800 

'" -"- 2400 .0 

W 
a: 

2000 :::> en 
en 
w 
a: 1600 a.. 
s,? 
:::; 1200 
<l: 
z 
>-
0 800 

400 

0 
0 

Fig. A-149 

0.20 
." 

~ 

Z 0 

0 
N 

ii: -0.20 
0 
I 

...J 
<l: -0040 
u 
3 
0 -0.60 
Z 
<l: 

It.J -0.80 
~ 

Z 
W 
W -1.00 
~ 
f-
W 
CD -1.20 
w 
...J 
t!l 

-lAO Z 
<l: 

...J 
<l: -1.60 u 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-151 

400POO 500,000 

400,000 500,000 

0 

-1000 

-2000 

'" -3000 
<.> 
Q) 

'" 2 -4000 

Z 
Q 

-5000 f-
<l: 
a: 
W 
...J -6000 
W 
u u 
<l: -7000 

-8000 

-9000 

-10,000 

900,000 

800,000 

700,000 

:: 600,000 

W 
o 
~ 500,000 

5 
<l: 400,000 

300,000 

200,000 

100,000 

o 

0 

o 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-150 

0.1 0 .2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS surface range 
, Mars radiUS 

Fig. A-152 

1.0 

47 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400.000 

350,000 

:: 300,000 

W 
o 
~ 250,000 

5 
« 200,000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

0:: 
w 30.0 
ID 
:::< 
=> z 25.0 
I 
(J 
« 
:::< 20.0 

15.0 

10.0 

5.0 

0 

48 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-153 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-155 

<.> 
Q) 

36,000 

32.000 

28,000 

~ 24,000 

~ 20,000 
(3 
o 
...J 
W 
> 

o 

~ 4500 
VI 

'" -" 4000 => 
I-
ID 
W 3500 

~ 
0:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
z 
0 
a.. 1500 
z 
0 
f= 1000 « z 
(!) 

« 
I-
en 500 

o 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-154 

200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig . A-156 

l , 

I 

I 

I 

I 



_________________________ JPL TECHNICAL REPORT NO. 32·458 

<0 
I'-

3600 

3200 

ci 
- 2800 
~ 

~ 2400 

w 
g; 2000 
en 
en 
w 
g: 1600 

S2 
~ 1200 
z r o 

800 

':!II ",111111 ,_, 
ALTITUDE, ft 

Fig. A·157 

0.20 
~ 

~ 

Z 0 
0 
~ 
a:: -0.20 
0 
I 

...J 
« -0.40 
U g 
0 -0.60 
Z « 

~ -0.80 

z 
w 
w -1.00 
~ 
I-
w 
III -1.20 
w 
...J 
(!) 

- 1.40 Z 
« 
...J 
« -1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-159 

400POO 500.000 

400,000 500,000 

0 __ 

N -3000 
<) 
Q) 

'" ...... 
- 4000 

Z 
0 

~ 
-5000 

a:: w 
...J -6000 w 
u u « - 7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W 
0 
::J 500,000 
I-
i= 
...J « 400,000 

300,000 

200,000 

o 

0 

o 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-158 

0.1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, s~rface ~~nge 
ars ra IUS 

Fig. A-160 

1.0 

49 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500 ,000 

450.000 

400,000 

350.000 

:: 300,000 

W 
0 
~ 250,000 
f-

5 
<t 200,000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

a:: 
W 30.0 
CD 
::!' 
~ 
Z 25.0 
r 
t.> 
<t 
::!' 20.0 

15.0 

10.0 

5.0 

0 

5 0 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig.A- 16 1 

200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-1 63 

40,000 

36,000 

32,000 

28,000 

0 ., 
'" 24.000 "-

~ 
20,000 t: 

u 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" N 

, 4000 
~ 
f-
CD 
W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
r 

f- 2000 
Z 
(5 
Cl. 1500 
Z 
0 
l= 1000 <t 
Z 
(!) 

<t 
f- 500 
Cf) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A-162 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A-164 



-----------------______ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
<D 
r-
0 

2800 
"-
'" 
~ 2400 

W-
0::: 
:::> 2000 
U) 
U) 
W 
0::: 1600 
0-

<J 

~ 1200 
<t 
Z 
>-
0 800 

400 

0 
0 100,000 200.000 300,000 400POO 500,000 

ALTITUDE, ft 

Fig. A-165 

0.20 
-0 

~ 

Z 0 
0 
N 

0::: - 0.20 
0 
I 

-.J 
« -OAO 
U g 
e -0.60 :: 
Z « W-
l<J -0.80 
:". 

e 
:::> 
!::: 

Z 
W 
W -1 .00 

1-
-.J « 

;;: 
1-
W 
CD -1.20 
W 
-1 
<.!) 

- lAO Z 
« 
-1 
<t -1.60 
U 
0 
-1 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-167 

0 

-1000 

-2000 

'" -3000 
u 
Q) 

'" :: - 4000 

Z 
0 

!i -5000 

0::: 
W 
-.J 
W 

-6000 

U 
<J « - 7000 

- 8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

0 
0 

I •• 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE, ft 

Fig. A-166 

0 .1 0 .2 0.3 0.4 0 .5 0.6 0.7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INI TI AL AND 

CURRENT VEHI CLE POSITIONS, S~~fr:C~ard~:~e 

Fig. A-168 

51 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W-
0 
::::> 250,000 
I-

5 
« 200,000 

150,000 

100,000 

50,000 

50.0 

4 5.0 

40.0 

35.0 

a: 
W 30.0 
m 
::;: 
::::> 
z 25.0 
I 
U « 
::;: 20.0 

15.0 

10.0 

5.0 

0 

52 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A- 169 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-171 

40,000 

36,000 

32,000 

28,000 

<.> ., 
VI 24,000 "--
~ 

20,000 t: 
u 
0 
.J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 450 0 
VI 

"'-
:::: 4000 
::::> 
I-
m 
W- 3500 

~ 
a: 3000 
(!) 
z 
~ 2500 
W 
I 

I- 2000 
Z 

0 
a. 1500 
z 
0 
i= 1000 « z 
(!) 

~ 500 
Cf) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-170 

0 100,000 200,000 300,000 

ALTITUDE, f l 
400,000 500,000 I 

Fig. A-l72 

I 

J 



_______________________ J PL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 
r--
0 
~ 

2800 

?i 2400 

u.i 
0: 

2000 :::;, 
(j) 
(j) 
W 
0: 1600 
Cl. 

u 
~ 1200 « 
;z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig. A-173 

0.20 
'0 

~ 

Z 0 
0 
N 
0: -0.20 
0 
I 
--l 
« -DAD 
u 
g 
0 -0.60 
z 
« 
L...i -0.80 ::,., 

z 
W w -1.00 
3 
I-
w 
<D -1.20 
w 
--l 
(!) 

-lAO Z 
« 
--l 
« -1.60 u 
0 
--l 

- 1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-175 

0 

-1000 

-2000 

oJ -3000 
u 

'" '" ~ -4000 

Z 
0 

~ 
-5000 

0: 
W 
--l -6000 
W 
u 
u « -7000 

- 8000 

-9000 

- 10,000 

1,000,000 

900,000 

600,000 

700,000 

= 600,000 

u.i 
0 
::> 500,000 
I--
~ 
--l « 400,000 

200,000 

100,000 

o 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE, fI 

Fig. A-174 

0.1 0 .2 0 .3 0 .4 0.5 0.6 0 .7 0.6 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSIT IONS, surface range 
Mars rad ius 

Fig. A-176 

1.0 

53 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

SOO,OOO 

450,000 

400,000 

350,000 

:: 300,000 

W-
e> 
:::l 2SO,OOO 
f-

5 
<{ 200,000 

ISO,OOO 

50,000 

o 
o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-l77 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-179 

54 

40,000 

36,000 

32,000 

28,000 

u 
Q) 

'" 24,000 :: 
~ 

20,000 f-
(3 
0 
.J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" N 

, 4000 
:::l 
f-
tD 

W- 3500 

~ 
a:: 3000 
<!) 
Z 

~ 2500 
w 
I 

f- 2000 
Z 
(5 
CL 1500 
Z 
0 
f= 1000 <{ 
Z 
<!) 

~ SOO 
(/) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-178 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-180 



I 
~ 

--------_______________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
<D 
": 
0 

..::::: 2800 

'" 
..... 

2400 .0 

u.i 
a: 

2000 ::;) 
Cf) 
Cf) 
w 
a: 1600 
!L 

2 
:::< 1200 
<t 
z 
>-a 800 

400 

0 
0 200.000 300,000 

ALTITUDE, It 

Fig. A-18l 

0.20 
-0 

~ 

Z 0 

0 
N 
a: 
0 

-0.20 

:I: 
...J 
<t -0.40 
<.> 
9 
e> -0.60 
z 
<t 

~ -0.80 

Z 
W 
W -1.00 
;: 
I-
W 
!Xl -1.20 
W 
...J 
(!) 

-1.40 Z 
<t 
...J 
<t -1.60 <.> 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, It 

Fig . A-183 

-2000 

'" - 3000 
u 
~ 
:: - 4000 

z 
0 

~ 
-5000 

a: 
w 
...J -6000 
W 
<.> 
(J 

<l: -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

u.i 
e> 
::;) 500,000 
l-
f=: 
...J 
<t 400,000 

300,000 

200,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE , ft 

Fig. A-182 

0 .1 0 .2 0 .3 0 .4 0 .5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, S~~lr:C~a~~:;e 

Fig . A-184 

1.0 

55 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

;;: 300,000 

W 
0 
::::> 250,000 
I-

5 
« 200,000 

100,000 

50,000 

o 

45.0 

40.0 

5.0 

o 

56 

o 

o 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-18S 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-187 

40,000 

36,000 

32,000 

28,000 

0 
Q) 
VI 24,000 ..... 
;;: 

,.: 
20,000 I-

(3 
0 
..J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 4500 
VI 

'" -..... 4000 
::::> 
I-
CD 

W 3500 

~ 
0:: 3000 
(!) 
Z 

~ 2500 
W 
I 

I- 2000 
z 
0 
0.. 1500 
z 
0 
f= 1000 « z 
(!) 
« 
I-
Cf) 

500 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-186 

200,000 300,000 400,000 500,000 

ALTITU DE , ft 

Fig. A-188 



I 
I 
I 

l_ 

-------------------_____ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 

": 
0 

"-
2800 

"'-, 
2400 .0 

W-
cr: 

2000 :::l 
(fJ 
(fJ 

W 
cr: 1600 
0.. 

'-' 
~ 1200 <t 
z 
r 
Cl 

800 

400 

0 
0 200,000 300,000 400POO 500,000 

ALTITUDE, f t 

Fig . A-189 

0.20 
"0 

~ 

Z 0 
0 
N 

cr: -0.20 
0 
I 

...J 
<t -0.40 
'-' g 
0 -0.60 
Z 
<t 

~ -0.80 

z 
w 
w -1.00 
3 
I-
W 
(J) -1.20 
W 
...J 
f.!) 

-1.40 Z 
<t 

...J 
<t -1.60 
U 
0 
...J 

-1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-191 

'" " Q) 
VI 
"-- - 4000 

Z 
0 
i= -5000 
<t 
cr: 
W 
...J 
w 

-6000 

U 
'-' <t -7000 

- 8000 

-9000 

- 10,000 
0 

1.000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
:::l 500,000 
I-
i= 
...J 
<t 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOpoo 500,000 

ALT ITUDE , ft 

Fig.A-190 

0.1 0 .2 0.3 0.4 0.5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEH ICLE POSITIONS, S~~fr:C~o~~:~e 

Fig. A-192 

57 



JPL T E CHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W-
0 
:::l 250,000 
I-

5 
~ 200,000 

150,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a: 
W 30.0 
ro 
:E 
:::l 
Z 25.0 
I 
(.) 
~ 
:E 20.0 

15.0 

10.0 

5.0 

0 

58 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A- 193 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-195 

40,000 

36,000 

32,000 

28,000 

(.) 
Q) 
on 24,000 "-:: 
.,: 

20,000 I-
U 
0 
...J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 4500 
on 

N 

, 4000 
:::l 
I-
m 
W- 3500 

~ 
a: 3000 
(!) 
z 
~ 2500 
W 
I 

I- 2000 
Z 

a 
a.. 1500 
Z 
0 
i= 1000 ~ 
Z 
(!) 

~ 
I- 500 
(f) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-194 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig. A-196 



L 

-----------____________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
r-
ei 
"'-

2800 

'" -"- 2400 .0 

W 
a::: 

2000 :::> 
(f) 
(f) 
w 
a::: 1600 a.. 
S,1 
::!: 1200 
<t 
z r 
0 800 

400 

0 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig, A-197 

0 .20 
"0 

~ 

Z 0 

0 
N 
a::: -0.20 
0 
:I: 
...J 
<t -0040 
U 
g 
0 -0.60 
z 
<t 

~ -0.80 

z 
w 
W -1.00 
~ 
~ 
W 
CD -1.20 
W 
...J 
c.!) 

-lAO Z 
<t 
...J 
<t -1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-199 

0 

-1000 

-2000 

'" 
- 3000 

0 ., 
on 

~ -4000 

Z 
0 

~ 
-5000 

a::: 
W 
...J - 6000 
W 
U 
<..> 
« -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

;: 600,000 

W 
0 
:::> 500,000 
!::: 
~ 
...J 
<t 400,000 

300,000 

100,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITU DE , ft 

Fig. A-198 

0.1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, S~rfOCe rd~nge 
ors ro IUS 

Fig. A-200 

1.0 

59 



JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350,000 

;;: 300,000 

W 
0 
::;) 250,000 
I-

5 
<t 200,000 

150,000 

100,000 

50,000 

0 
0 100 200 300 400 500 600 700 800 90 0 1000 

TIME. sec 

Fig. A-201 

50.0 

4 5.0 

40.0 

35.0 

a:: 
w 30.0 
ID 
~ 
::;) 

Z 25.0 
:x: 
u 
<t 
~ 20.0 

15.0 

10.0 

5.0 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A-203 

60 

40,000 

36,000 

32,000 

28,000 

u ., 
'" 24,000 '-
;;: 

,: 
20,000 I-

U 
0 
.J 
w 
> 

16,000 

12 ,000 

8000 

4000 

0 

~ 4500 
'" N -'- 4000 

::;) 

I-
ID 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
:x: 
I- 2000 
Z 
0 
(l-

1500 
Z 
0 
f= 1000 <t 
Z 
(!) 

~ 500 en 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , It 

Fig, A-202 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig, A-204 



________________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
cD 
r--
0 

2800 
"-N -"'- 2400 .0 

W 
a:: 

2000 ;:) 
CFJ 
CFJ 
w 
a:: 1600 
!l. 

!d 
::;: 1200 
<I: 
z r 
0 800 

400 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-20S 

0 .20 .., 
~ 

Z 0 
0 
~ 
a:: -0.20 
0 
:x: 
..J 
<I: -0040 
U 
g 
0 -0.60 
Z « 
t..J -0.80 ::,. 

Z 
W 
W -1.00 
:;: 
f-
W 
(]) -1.20 
W 
..J 
(!) 

- lAO Z 
« 
..J 
« -1.60 
U 
0 
..J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, tt 

Fig. A-207 

0 

-1000 

-2000 

N -3000 
<) 
Q) 

'" -::: - 4000 

Z 
0 

~ 
-5000 

a:: 
W 
..J -6000 
W 
U 
u « -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;:: 600,000 

W 
0 
;:) 500,000 
f-

5 « 400,000 

300,000 

200,000 

100.000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALT ITUDE, ft 

Fig. A-206 

0.1 0 .2 0.3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars rad ius 

Fig. A-208 

1.0 

61 



JPL T E CHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350,000 

:: 300,000 

W 
Cl 
~ 250,000 

5 
<t 200,000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

0:: 
W 30.0 
(]) 

::E 
::::l 
Z 25.0 
I 
U 
<t 
::E 20.0 

15.0 

10.0 

5.0 

0 

62 

o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A-209 

0 100,000 200,000 300,000 400.000 500,000 

ALTITUDE, ft 

Fig . A-2 11 

40,000 

36,000 

32,000 

28,000 

<> 
Q) 

'" 24,000 ..... -
~ 

20,000 !::: 
U 
0 
..J 

16,000 W 
> 

12,000 

8000 

4000 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, I I 

Fig. A-210 

5000 

<> 4500 Q) 

'" 
'" -..... 4000 

::::l 
f--
(]) 

W 3500 

!i 
0:: 3000 
C) 
Z 

~ 2500 
w 
I 

f-- 2000 
Z 
(5 
<l- 1500 
Z 
0 
i= 1000 <t 
Z 
C) 
<t 
f--
(f) 

500 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-212 



________________________ J PL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
10 
r-
ei 

2800 
'-
"':: 
"- 2400 J:l 

W 
a:: 

2000 ::J 
U) 
U) 
W 
a:: 1600 
0-

~ 
~ 1200 « 
z 
>-
0 800 

400 

0 
0 100.000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-213 

0.20 
"0 

~ 

£ 0 
0 
~ 
a:: - 0.20 
0 
I 

....J 
<[ -0.40 
U 
g 
0 - 0.60 
Z 
<[ 

l..J - 0.80 ::,. 

Z 
W 
W - 1.00 
3 
I-
W 
00 - 1.20 
W 
....J 
(!) 

- 1.40 Z 
<[ 

....J 
<[ - 1.60 
U 
0 
....J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-215 

0 

-1000 

-2000 

'" 
-3000 

u ., 
U> 

2 -4000 

£ 
0 
i= -5000 
<[ 
a:: w 
....J -6000 
W 
U 
U 
<[ -7000 

-8000 

-9000 

- 10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

.:: 600,000 

W 
0 
::J 500,000 
I-

~ « 400,000 

300,000 

200,000 

100,000 

0 
0 

Ii I 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-21 4 

I 
0.1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mar~ radl'!s 

Fig. A-2 16 

1.0 

63 



JPL TECHNICAL REPORT NO, 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

.:: 300,000 

W 
0 
::> 250,000 
f-

5 
<l: 200,000 

150,000 

100,000 

o 

50.0 

45.0 

40.0 

35.0 

a:: 
W 30.0 
(l) 
::;: 
::> 
z 25.0 
I 
0 
<l: 
::;: 20.0 

15 0 

10.0 

5.0 

0 

64 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig, A-217 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-219 

40,000 

36,000 

32,000 

28,000 

u ., 
'" 24,000 " .:: 
~ 

20,000 t: 
0 
0 
.J 
W 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" 

'" --" 4000 
::> 
f-
(l) 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
W 
I 

f- 2000 
Z 
(5 
CL 1500 
z 
0 
i= 1000 <l: 
Z 
(!) 
<l: 
f-
(fJ 

500 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-218 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-nO 

-- -' 



________________________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 

'" I'-
0 

2800 ....... 
N;:: 
"- 2400 .c 

W 
a: 

2000 :J en 
en 
w 
a: 1600 
<l. 

S! 
::E 1200 
<t 
Z r 
0 800 

400 

100,000 200,000 300,000 400.000 500,000 

ALTITUDE , ft 

Fig. A-221 

0 .20 
"tJ e 
Z 
0 
!:::! 
a: 
0 
I 

...J 
<t 
U g 
0 
Z 
<t 

l<J ::,. 
z 
w 
w 
~ 
f-
W 
<D 

W 
...J 
(!) 

-1.40 Z 
<t 

...J 
<t -1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 40 0 ,000 500.000 

ALTITUDE, ft 

Fig. A-223 

0 

-1000 

-2000 

N -3000 
<> 
Q) 

'" ~ - 4000 

Z 
0 

~ 
-5000 

a: 
W 
...J - 6000 
W 
U 
U 
<t -7000 

- 8000 

-90 0 0 

- 10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;:: 600,000 

W 
0 
:J 500,000 
t= 
':J 
<t 400,000 

300,000 

200.000 

100,000 

0 
0 

100,000 200,000 300,000 400.000 500,000 

ALTITUDE , ft 

Fig. A-222 

0.1 0.2 0 .3 0 .4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-224 

1.0 

65 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 
W-
0 
:;) 
t-

5 
<l: 200,000 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
CD 
:::;: 
::J 
z 25.0 
I 
<.> 
<l: 
:::;: 20.0 

15.0 

10.0 

5.0 

0 
0 

66 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-225 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, I t 

Fig . A-227 

40,000 

36,000 

32,000 

28,000 

<> 
Q) 

'" 24,000 "--,: 
20,000 t:: 

u 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" N 

, 4000 
:;) 
t-
CD 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
W 
I 

t- 2000 
Z 

0 
CL 1500 
Z 
0 
i= 1000 <l: 
Z 
(!) 
<l: 
t-
(f) 

500 

0 

0 100,000 200,000 300,000 

ALTITUDE , ft 

Fig. A-226 

0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-228 

- ----- ----------- --- --- --- --- -- -- .----

400,000 500,000 

400,000 500,000 

I 
I 

I 
I 
I 

__ 1 



---------------_________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
t"-

O 
2800 

" '" -..... 2400 .0 

W 
a: 

2000 ::J en 
en 
w 
a: 1600 
0.. 

52 
::;: 1200 
<! 
z 
>-a 800 

400 

0 
0 100,000 200,000 300,000 

ALTITUD E, ft 

Fig . A-229 

0.20 
-0 

~ 

Z 0 

0 
N 

a: 
0 

-0.20 

:I: 

..J 
<[ -0.40 
CJ g 
a -0.60 
z 
<[ 

lJ..J -0.80 ::,. 

z 
w 
w -1.00 
~ 
I-
w 
CD -1. 20 
w 
..J 
(!) 

-1.40 z 
<! 

..J 
<[ -1.60 
CJ 
0 
..J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-231 

0 

-1000 

-2000 

'" -3000 
u 
'" '" 2: -4000 

Z 
0 

~ 
-5000 

a: w 
..J -6000 
w 
u 
u 
<! -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

::: 600,000 

W 
a 
::J 500,000 
l-
f: 
..J 
<! 400,000 

300,000 

200,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALT ITUDE , ft 

Fig. A-230 

0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLAN ET CENTERED ANGLE BETWEEN IN IT IAL AND 
surface range 

CURRENT VEH ICLE POSITI ONS, Mars radius 

Fig. A-232 

1.0 

67 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

.:: 
W" 
0 
::> 
l-

S 
« 200,000 

150,000 

100,000 

50,000 

50.0 

4 5.0 

40.0 

35.0 

0:: 
W 30.0 
ID 
;:;: 
::> 
z 25.0 
:t: 
U « 
;:;: 20.0 

15.0 

10.0 

5.0 

0 

68 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-233 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-235 

40,000 

36,000 

32,000 

28,000 

" ., 
'" 24,000 ..... -
~ 

20,000 I-
0 
0 
.J 
W 16,000 
> 

12 ,000 

8000 

4000 

0 

~ 4500 
'" 

'" 
::::: 4000 
::> 
I-
ID 
W 3500 

!;t 
0:: 3000 
l? 
Z 

~ 2500 
W 
:t: 

I- 2000 
Z 
(5 
CL 1500 
Z 
0 
i= 1000 « 
Z 
l? « 
I-
en 500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-234 

0 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-236 



________________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
CD 
t-
O 

2800 
~ 
"- 2400 .D 

w" 
Ir 

2000 ::J en 
en 
w 
Ir 1600 
Cl. 

~ 
:< 1200 
<t 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-237 

0.20 
"0 :: 
z 0 
0 
N 
Ir 
0 

-0.20 

I 

...J 
<t - 0.40 
<.) 

:3 
0 -0.60 
z 
<t 

~ -0. 80 

Z 
w 
w - 1.00 
;,: 
f-
W 
tIl -/.20 
W 
...J 
t!) 

- 1.40 Z 
<t 

...J 
<t -/.60 
<.) 
0 
...J 

- /.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-239 

0 

-1000 

-2000 

N - 3000 
<.) 
OJ 
U> 
"-- -4000 

Z 
0 

~ 
-5000 

Ir 
W 
...J -6000 
W 
<.) 
u 
<t -7000 

-8000 

-9000 

- 10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

w" 
0 
::J 500,000 
f-

5 
<t 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-238 

0 .1 0 .2 0 .3 0.4 0 .5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS , Mars radius 

Fig. A-240 

/.0 

69 



J P L TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350.000 

~ 300,000 

W-
e 
::> 250,000 
I-

5 
<t 200.000 

150,000 

100,000 

50,000 

0 

50.0 

4 5.0 

40.0 

35.0 

0:: 
w 30.0 
ID 
::< 
::> 
z 25.0 
:x: 
u 
<t 
::< 20.0 

15.0 

10.0 

5.0 

0 

0 

0 

200 300 400 500 600 700 600 900 1000 

TIME, sec 

Fig. A-241 

200,000 300.000 400,000 500,000 

ALTITUDE, ft 

Fig . A-243 

40,000 

36,000 

32,000 

26,000 

() 

'" '" 24,000 ..... 
~ 

~ 
20,000 I-

0 
0 
...J 

16,000 W 
> 

12,000 

6000 

4000 

0 

:;: 4500 
'" 

'" 
, 4000 
::> 
I-
ID 

uS 3500 

!i 
0:: 3000 
(!) 
z 
~ 2500 
W 
:x: 
I- 2000 
Z 

0 
CL 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 

~ 
en 500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig . A-242 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-244 

I 
I 

~ 



I 

L 

------------____________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
I"-.g 2800 

'" 
~ 2400 

W-
e:: 2000 ::::> 
(f) 
(f) 
w 
e:: 1600 c.. 
~ 
::i! 1200 
<{ 
z 
>-
0 800 

400 

0 
0 100.000 200,000 300,000 

ALTITUDE, ft 

Fig. A-245 

0.20 
-c 
~ 

Z 0 
0 
~ 
e:: -0.20 
0 
I 
...J 
<{ -0040 
U 

9 
0 -0.60 
z 
<{ 

~ -0.80 

z 
W 
W -1.00 
~ 
f-
w 
(Il -1.20 
W 
...J 
t!) 

-lAO z 
<{ 

...J 
<{ -1.60 
U 
0 
...J 

-1.80 
0 100,000 200.000 300,000 

ALTITUDE, ft 

Fig. A-247 

0 

-1000 

-2000 

'" -3000 
(.) ., 
on 

~ -4000 

Z 
0 

~ 
-5000 

e:: 
W 
...J 
W 

-6000 

U 
U 
<{ 

-7000 

-8000 

-9000 

-10.000 
400,000 500,000 

1,000,000 

900,000 

800,000 

700,000 

;:: 600,000 

W-
0 
::::> 500,000 
f-

5 
<{ 400,000 

200,000 

100,000 

o 
400,000 500,000 

0 100,000 200,000 300,000 4OOPOQ 500.000 

ALTITUDE, It 

Fig. A-246 

o 0.1 0.2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig. A-248 

71 



1 __ 

JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
~ 250,000 
f-

5 
<t 200,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
CD 
::;: 
~ 
Z 25.0 
I 
U 
<t 
::;: 20.0 

15.0 

10.0 

5.0 

72 

o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-249 

200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-251 

40.000 

36,000 

32,000 

28,000 

<:> ., 
<I) 24,000 ::: 
~ 

20,000 f-
(3 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
<I) 

'" -..... 4000 
~ 
f-
CD 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
I 

f- 2000 
Z 

0 
11. 1500 
Z 
0 
f= 1000 <l: 
Z 
(!) 
<l: 
f- 500 
(fJ 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-250 

0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-252 



------------------______ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
cD 
I"-

.g 2800 

"'-
:;:; 2400 

W 
cr 2000 ::J en 
en 
W 
cr 1600 
0.. 

~ 
:E 1200 
<l 
;z 
>-e 800 

400 

0 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig . A-253 

0.20 
", 

~ 

Z 0 

0 
N 
~ 
0 

-0.20 

I 

....J 
<t -0.40 
t) 

g 
e -0.60 
Z 
<t 

~ -0.80 

Z 
W 
W - 1.00 
~ 
I-
W 
m -1.20 
W 
....J 
<.!) 

-1.40 Z 
<t 
....J 
<t - 1.60 
t) 
0 
....J 

- 1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-255 

400POO 500,000 

:: 
W 
e 
::J 

!::: 
~ 
<t 

400,000 500,000 

0 

- 1000 

-2000 

'" - 3000 
0 

'" '" 2 - 4000 

Z 
0 

ti - 5000 

cr 
W 
....J 
W 

-6000 
t) 
(J 
<t - 7000 

- 8000 

- 9000 

- 10,000 
0 100,000 200,000 300POO 4OOPOO 500,000 

ALTITUDE , ft 

Fig. A-254 

1,000,000 

900,000 

800,0 0 0 

700,000 

60 0 ,000 

500,000 

400,000 

300,000 

200,000 

o 
o 0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-256 

73 



J PL T ECHNICAL REPORT NO. 32·458 _____________ ___________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
::J 250,000 
l-

S 
<t 200,000 

o 

50.0 

45.0 

40.0 

35.0 

Il: 
w 30.0 
m 
::< 
::J 
Z 25.0 
I 
U 
<t 
::< 20.0 

15.0 

10.0 

5.0 

0 

74 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A·2S7 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A· 2S9 

40,000 

36,000 

32,000 

28,000 

<> 
CI) 

'" 24,000 ..... 
:: 
~ 20,000 I-
0 
0 
...J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 

'" -..... 4000 
::J 
I-
m 
W 3500 

~ 
Il: 3000 
(!) 
z 
~ 2500 
w 
I 

I- 2000 
Z 
(5 
£l. 1500 
Z 
0 
i= 1000 <t 
Z 
(!) 

~ 
en 500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A· 2S8 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A·260 



I 

L 

-------___________ ___ ___ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 ,... 
0 

2800 
"-
'" :::: 

2400 .0 

W 
a: 

2000 ::::l en 
en 
w 
a: 1600 a. 
~ 
~ 1200 
<{ 
z r 
0 800 

400 

0 
0 400.000 500,000 

Fig. A-261 

0.20 
"0 

~ 

;i 0 
0 
N 
a: -0.20 
0 
I 

...J 
<{ -0.'10 
u 
9 
0 -0.60 
Z 
<{ 

llJ -0.80 :::,. 

z 
w 
W -1.00 
~ 
I-
W 
CD -1.20 
W 
...J 
<!) 

-lAO Z 
<{ 

...J 
<{ -1.60 u 
0 
...J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-263 

0 

-1000 

-2000 

'" -3000 
0 
<II 

'" ~ -4000 -
;i 
0 

ti -5000 

a: 
w 
...J -6000 
W 
u u 
<{ -7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800.000 

700,000 

~ 600,000 

W 
0 
::::l 500,000 
I-
f= 
...J 
<{ 400,000 

300,000 

200,000 

o 

0 

o 

100,000 200,000 300,000 400.000 500,000 

ALTITUDE, ft 

Fig. A-262 

0.1 0 .2 0 .3 0.4 0.5 0 .6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS surface r~nge 
, Mars rad iUS 

Fig. A-264 

1.0 

75 



JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
:::> 250,000 
I-

5 
<! 200,000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

a:: 
W 30.0 
co 
:::; 
:::> 
z 25.0 
:r: 
u 
<! 
:::; 20.0 

15.0 

10.0 

5.0 

0 

7 6 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-265 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , f l 

Fig. A-267 

40,000 

36,000 

32,000 

28,000 

() 

:li 24,000 '--
~ 

20,000 l-
t) 
0 
...J 
W 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
<II 

"':: 
'- 4000 
:::> 
I-co 
W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
:r: 

I- 2000 
Z 

0 
0.. 1500 
Z 
0 
i= 1000 <1 
Z 
(!) 

<1 
I-
(f) 

500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE,1I 

Fig . A-266 

0 100,000 200,000 300,000 400,000 500,000 

ALTITU DE, 1I 

Fig . A-268 



----------------________ JPL TECHNICAL REPORT NO. 32-458 

0 

-1000 

-2000 

'" -3000 
0 ., 
VI 

~ -4000 

Z 
0 

ti -5000 

a:: 
w 
...J -6000 w 
0 
0 « -7000 

- 8000 

-9000 

-10,000 
200,000 300,000 400POO 500,000 

ALTITUDE, ft 

Fig. A-269 

0.20 1,000,000 
"0 

~ 

Z 0 900,000 

0 
N 

a:: -0.20 
0 

800,000 

:r: 
...J 
« -0.40 700,000 
0 
g 
D -0.60 ;: 600,000 
z « W-

~ -0.80 
D 
:::J 500,000 
!::: 

z 
w 
w -1.00 

I-
...J 
« 400,000 

:;: 
I-
w 
<Il -1.20 300,000 
w 
...J 
<.') 

- 1.40 z 200,000 
« 
...J « - 1.60 
0 

100,000 
0 
...J 

- 1.80 0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-271 

0 

0 

-
• -

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-270 

0 .1 0 .2 0 .3 0 .4 0.5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars rad ius 

Fig. A-272 

77 



J PL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

;;: 300,000 

W-
0 
:::> 250,000 
I-

5 
<l: 

o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig, A-273 

50.0 

4 5.0 

4 0.0 

35.0 

a:: 
w 30.0 
eo 
::;: 
:::> 
z 25.0 
I 
0 
<l: 
::;: 20.0 

15.0 

10.0 

5.0 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-275 

78 

40,000 

36,000 

32,000 

28,000 

u 
Q) 
<n 24,000 "-;;: 

~ 
20,000 t: 

0 
0 
...J 
W 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
<n 

N 

:::: 4000 
:::> 
I-
eo 
W 3500 

~ 
a:: 3000 
<.') 
z 

£i 2500 
W 
I 

I- 2000 
Z 

0 
a. 1500 
Z 
0 
f= 1000 <l: 
Z 
<.') 

<l: 
I-
(f) 

500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , II 

Fig, A-274 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-276 



----------------- - _ _ ____ JPL TECHNICAL REPORT NO. 32-458 

40.0.0. 

360.0. 

320.0. 
lD 
": 
0 

.;:::: 280.0. 
cv 

~ 2400 

W 
a:: 

20.00 :::> 
(f) 
(f) 
w 
a:: 160.0. n. 
~ 
~ 120.0. « z 
>-
0 

80.0. 

40.0. 

0. 
0. 10.0.,000 20.0.,000. 300,0.0.0. 

ALTITUDE, fl 

Fig. A-277 

0..20. 

'" ~ 
Z 0. 

0 
N 
a: -0..20. 
0 
J: 
...J 
« -0..40. 
u 
g 
0 -0..60. 
z 
« 
t..J -0.80. :::,. 

z 
w 
w -1.0.0. 
~ 
I-
w 
CD -1.20. 

w 
...J 
C!l 

- ' .40. z 
« 
...J 
« -1.60. u 
0 
...J 

-1.8 0. 
0. 10.0.,000. 200.0.0.0. 300,000. 

ALTITUDE, fl 

Fig. A-279 

0. 

-10.0.0. 

-20.00 

cv -30.0.0. 
u ., .. 
"-

- 40.0.0. 

Z 
0 
i= -50.00 
« 
a:: w 
...J 
w - 60.00 

u 
u « - 70.0.0. 

- 8 0.0.0. 

-90.0.0. 

-10.,0.00 
4 0.0.po.o. 50.0.,0.0.0. 

1,0.0.0.,0.0.0. 

90.0.,0.0.0. 

80.0,0.0.0. 

70.0.,0.0.0. 

:: 60.0.,0.0.0. 

W 
0 
:::> 50.0.,0.0.0. 
I-
i= 
...J 
« 4 0.0.,0.0.0. 

20.0.,0.0.0. 

10.0.,0.0.0. 

0. 
40.0.,000. 50.0.,0.00 

0. 

0. 

10.0.,0.0.0. 20.0.,000. 30.0.,0.0.0. 400,0.00 500.,000. 

ALTITUDE, fl 

Fig. A-278 

• 

0..1 0..2 0..3 0..4 0..5 0..6 0..7 0..8 0..9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A- 280 

1.0. 

79 



JPL TECHNICAL REPORT NO, 32-458 _______________________ _ 

500 ,00 0 

450,000 

400,000 

350.000 

:: 300,0 0 0 

W 
0 
::::l 250,000 
f-

5 
<t 200.000 

150,000 

100,000 

50,000 

0 
0 100 200 

50.0 

45.0 

40.0 

35.0 

a: 
w 30.0 
(!l 
::;: 
::::l 
Z 25.0 
I 
(J 
<t 
::;: 20.0 

II 15.0 

"'I 5.0 

o 100,000 

80 

300 400 500 600 700 BOO 900 1000 

TIME, sec 

Fig , A-281 

III 

200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig , A-283 

40,000 

36,000 

32,000 

2B,OOO 

u 

'" V> 24,000 "--
~ 

20,000 f-
(3 
0 
...J 
W 
> 

~ 4500 
V> 

'" 
, 4000 
::::l 
f-
ro 
W 3500 

~ 
a: 3000 
f.!) 
Z 

~ 2500 
w 
I 

f- 2000 
Z 
0 
0.. 1500 
Z 
0 

~ 1000 
Z 
f.!) 
<t 
f- 500 
C/l 

0 

100,000 200,000 300.000 400,000 500,000 

ALTITUDE , fl 

Fig, A-282 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig, A-284 



,-
I 

I 

I 

I 

I 
f 

f 

------------ - --_________ J P L TECHNICAL REPORT NO. 32-458 

<.D 
I'-

3600 

3200 

ci 2800 ::.-

"0 

~ 

~ 2400 

w 
~ 2000 
(/) 
(/) 
W 
a:: 
Cl. 

S2 
:::;: 
<l: 
z 
>o 

400 

0.20 

Z 0 
0 
N 
a:: 
0 

-0.20 

I 
...J 
<l: -0.40 
U g 
0 -0.60 
z 
<l: 

lI.J -0.80 
~ 

Z 
W 
W -1.00 
:;: 
I-
W 
III -1.20 
W 
...J 
(!) 

-1.40 z 
<l: 

...J 
<l: -1.60 
U 
0 
...J 

-1.80 
0 

200,000 300,000 400POO 500,000 

ALTITUDE, f l 

Fig. A-285 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-287 

0 

-1000 

-2000 

N -3000 
0 

'" on 

:: - 4000 

Z 
0 

~ 
-5000 

a:: 
W 
...J -6000 
W 
U 
U 
<l: -7000 

-8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
=> 500,000 
I-
f= 
...J 
<l: 400,000 

300,000 

200,000 

100,000 

0 

0 

0 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE, fl 

Fig . A-286 

0.1 0 .2 0.3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHI CLE POS ITIONS, Mars rad ius 

Fig . A-288 

1.0 

8f 



JPL TECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350,000 

= 30 0,000 

W 
0 
::> 250,000 
I-

5 
« 200,000 

150,000 

50,000 

o 

50.0 

4 5.0 

40.0 

35.0 

0:: 
W 30.0 ro 
:< 
::> 
z 25.0 
I 
(J 

« 
:< 20.0 

15.0 

10.0 

5.0 

0 

82 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig, A-289 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-291 

40,000 

36,000 

32,000 

28,000 

u ., 
'" 24,000 " 
~ 

20,000 l-
t) 
0 
...J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" 

'" -" 4000 ::> 
I-
CD 

W 3500 

~ 
0:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
z 
0 
a.. 1500 
z 
0 
f= 1000 « z 
(!) 

« 
I-
(f) 

500 

0 

0 100,000 400,000 500,000 

Fig. A-290 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-292 I 

I 

J 



--------_______________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
Ii) 
I"-

..g 2600 
C\J 

~ 2400 

W 
a:: 2000 ::J 
(f) 
(f) 
W 
a:: 1600 
11. 
t.) 

i 1200 
oCt 
Z 
>-
0 600 

400 

a 
a 100,000 200.000 300,000 400POO 500,000 

ALTITUDE, fl 

Fig, A-293 

0 .20 
'0 

~ 

Z a 
0 
N 
a: -0.20 
0 
I 

...J 
oCt -0.40 
t.) 

g 
0 -0.60 = Z 
oCt W 

~ -0.60 
0 
::J 
t:: 

Z 
W 
w -1.00 

I-
...J 
oCt 

~ 
I-
W 
CD -1.20 
W 
...J 
(!) 

-1.40 Z 
oCt 

...J 
oCt -1.60 
t.) 

0 
...J 

-1.60 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-295 

0 

-1000 

-2000 

C\J -3000 
0 ., 
'" "-- - 4000 

Z 
0 

~ 
-5000 

a:: 
w 
...J 
W 

-6000 

U 
t.) 
« -7000 

-6000 

-9000 

-10,000 
0 

1,000,000 

900,000 

600,000 

700,000 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE , fI 

Fig. A-294 

• II 
0.1 0 .2 0 .3 0 .4 0.5 0.6 0 .7 0.6 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS , surface range 
Mars radius 

Fig. A-296 

1.0 

83 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350,000 

~ 300,000 

W 
a 
~ 250,000 

5 
« 200,000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a: 
w 30.0 
<D 
:::;; 
::> 
z 25.0 
I 
U « 
:::;; 20.0 

15.0 

10.0 

5.0 

0 

84 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-297 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-299 

40,000 

36,000 

32,000 

28,000 

u 
Q) 
on 24,000 " -
~ 20,000 f-
U 
0 
...J 

16,000 W 
> 

12,000 

8000 

4000 

0 

~ 45 0 0 
on 

'" -" 4000 
::> 
f-
<D 
W 3500 

~ 
a: 3000 
<.!) 

z 
~ 2500 
W 
I 

f- 2000 
Z 

0 
0.. 1500 
Z 
0 
f= 1000 « z 
<.!) 

« 
f- 500 en 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , II 

Fig. A-298 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig , A-300 



-------__________________ JPL TECHNICAL R E PORT NO. 3 2-458 

4000 

3600 

3200 
to 
I'-

0 
....... 2800 

'" 
~ 2400 

W 
cr 

2000 ::J en 
en 
w 
cr 1600 c.. 
u 
~ 1200 
<l: 
z 
>-a 800 

400 

0 
0 

0 .20 
'0 

~ 

Z 0 
0 
N 

cr -0.20 
0 
I 

...J 
<l: -0.40 
u g 
C) -0.60 
z 
<l: 
L"j - 0.80 
::", 

z 
w 
W -1.00 
:;: 
I-
W 
aJ -1.20 
w 
...J 
(!) 

-1.40 Z 
<l: 

...J 
<[ -1.60 
U 
0 
...J 

-1.80 
0 

100,000 200,000 300,000 

ALTITUDE, It 

Fig . A-301 

• • 
I 

100,000 200,000 300,000 

ALTITUDE, It 

Fig. A-303 

0 

-1000 

-2000 

'" 
-3000 

u ., 
on :: -4000 

z 
0 

~ 
-5000 

cr 
W 
...J -6000 
W 
U 
u 
<[ -7000 

-8000 

-9000 

-10,000 
400POO 500,000 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
::J 500,000 
l-
f:: 
...J 
<[ 400,000 

200,000 

100,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOpOO 500,000 

ALTITUDE , It 

Fig. A-302 

0.1 0 .2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surlace range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-304 

10 

85 



JPL TEC HNICAL REPORT NO. 32·458 ________________________ _ 

450,000 

400,000 

350,000 

;:: 300,000 

W 
o 
~ 250,000 

5 
« 200,000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a: 
W 30.0 
co 
::E 
::::> 
Z 25.0 
:r 
<.) 
<t 
::E 20.0 

15.0 

10.0 

50 

0 

8 6 

o 

0 

100 200 300 400 500 600 700 600 900 1000 

TI ME, sec 

Fig . A·305 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , It 

Fig . A·307 

40,000 

36,000 

32,000 

26,000 

(J ., 
'" 24,000 " -.; 

20,000 !::: 
u 
0 
...J 
W 16,000 
> 

12,000 

6000 

4000 

0 

~ 4500 

'" -" 4000 ::::> 
I-co 
W 3500 

~ 
a: 3000 
Cl 
Z 

~ 2500 
W 
:r: 

I- 2000 
Z 
(5 
Q. 

1500 
Z 
0 

~ 1000 
Z 
Cl « 
I-
(f) 

500 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , It 

Fig. A·306 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, It 

Fig. A·308 

_I 



---_____________________ JPL TECHNICAL REPORT NO. 32·458 

4 0.0.0. 

360.0. 

320.0. 
<D 
I'-
0 

.::::: 280.0. 
N 

~ 240.0. 

W 
a:: 

2000 ::::l 
Cf) 
Cf) 
W 
a:: 160.0. 
0.. 
(J 

~ 120.0. 
<1 
z 
>-
0 8 0.0. 

40.0. 

0. 
0. 10.0.,000 20.0.,000 3 00,000. 40.0.po.o. 50.0.,0.0.0. 

ALTITUDE, fI 

Fig. A-309 

0..20. 
-c 
~ 

Z 0. 

0 
N 

a:: 
0 

-0..20. 

:x: 
.J 
<t -0..40. 
U g 
0 -0..60. 
z 
<t 

~ -0.80. 

Z 
W 
W -1.0.0. 
~ 
f-
W 
CD -1.20. 

W 
.J 
<.!) 

-1.40. z 
<t 

.J 
<t -1.60. 
U 
0 
.J 

-1.80. 
0. 10.0.,0.0.0. 200,0.0.0. 300,000. 40.0.,000. 50.0.,0.00 

ALTITUDE, ft 

Fig. A-311 

0. 

- 10.0.0. 

-20.00 

N -30.0.0. 

" Q) 

'" ~ - 4 0.0.0. 

Z 
0 
f= - 50.00 
<t 
a:: 
W 
.J - 6 0.00 
W 
U 
(J 

<t -7000. 

- 8 0.0.0. 

- 9 0.0.0. 

-10.,0.00 

1,0.00,0.00 

90.0.,0.0.0. 

8 0.0.,0.0.0. 

70.0.,0.0.0. 

;;: 60.0.,0.0.0. 

W 
0 
:::> 50.0.,0.0.0. 
f-
f= 
.J 
<t 4 0.0.,0.0.0. 

30.0.,0.0.0. 

20.0.,0.0.0. 

100.,0.0.0. 

0 

0. 

0 

10.0.,0.0.0. 20.0.,000. 30.0.,000 4OOPOO 500.,000. 

ALTITUDE , ft 

Fig. A-310 

0..1 0..2 0..3 0..4 0..5 0..6 0..7 0 .8 0..9 1.0. 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface ra nge 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig . A-312 

87 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450.000 

400,000 

350,000 

;:: 300,000 

W 
0 
=> 250,000 
I-

5 « 200.000 

150,000 

100,000 

50,000 

50.0 

4 5.0 

40.0 

35.0 

0:: 
w 30.0 
aJ 
::;: 
=> 
Z 25.0 
I 
U « 
::;: 20.0 

15.0 

10.0 

5.0 

0 

88 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-313 

100,000 200.000 300.000 400,000 500,000 

ALTITUDE, II 

Fig . A-315 

40,000 

36,000 

32,000 

28,000 

" Q) 

'" 24,000 '--
~ 20,000 I-
U 
0 
...J 

16,000 w 
> 

12,000 

8 000 

4000 

0 

~ 4500 
'" 

"';:: 
'- 4000 
=> 
I-
aJ 
W 3500 

~ 
a: 3000 
(!) 

Z 

~ 2500 
w 
I 

I- 2000 
Z 
(5 
(l. 

1500 
Z 
0 
~ 1000 « 
Z 
(!) 
« 
I-
(fJ 

500 

0 

0 100,000 200,000 300.000 400,000 500,000 

ALTITUDE, II 

Fig. A-314 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig. A-316 



_______________________ J PL T ECHNICAL REPORT NO, 32·458 

4000 

3600 

3200 
<0 
r--

~ 2800 

'" 
~ 2400 

W 
et: 

2000 :::l 
(f) 
(f) 
W 
et: 1600 c.. 
'-' 
~ 1200 
<t 

I 
2: 
>-a 800 

400 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A· 317 

0 .20 ..., 
~ 

z 
0 
N 

0:: 
0 
I 

..J 
<! 
U 

9 
a 
z 
<! 

It.J 
~ 

z 
w 
w 
:=: 
I-
w 
CD 

W 
..J 
<!) 

-lAO Z 
<! 

..J 
<! -1.60 
U 

9 
- 1.80 

0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-31 9 

0 

-1000 

-2000 

'" - 3000 
0 
QJ 
on 

~ - 4000 

Z 
0 
~ -5000 
<! 
et: 
W 
..J 
W 

- 6000 

U 
'-' <! - 7000 

-8000 

- 9000 

- 10,000 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
Cl 
:::l 500,000 
I-
~ 
..J 
<! 400,000 

300,000 

200,000 

o 

0 100,000 200,000 300POO 400,000 500,000 

ALTITUDE, ft 

Fig. A-318 

• 
• 

o 0.1 0 .2 0 .3 0.4 0 .5 0.6 0 .7 0.8 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars rad ius 

Fig, A-320 

89 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
~ 250,000 
f-

5 
<t 200,000 

150,000 

100,000 

50,000 

0 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
CD 
:::;: 
::::l 
z 25.0 
I 
u 
<t 
:::;: 20.0 

15.0 

10.0 

5.0 

0 

90 

0 

0 

• 100 200 300 400 500 600 700 800 900 1000 

TIME , sec 

Fig. A-321 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig. A-323 

40,000 

36,000 

32,000 

28,000 

0 
Q) .. 24,000 ..... -.,.: 

20,000 f-
e::; 
0 
.J 
w 16,000 
> 

12 ,000 

8000 

4000 

0 

~ 4500 .. 
N 

..... 4000 
::::l 
f-
CD 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
I 

f- 2000 
z 
0 
c.. 1500 
z 
0 
i= 1000 <t 
z 
(!) 

<t 
f- 500 
Ul 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-322 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-324 



----------------________ JPL TECHNICAL REPORT NO, 32·458 

4000 

3600 

3200 
III ,.... 
0 

2800 
"-
'" -"- 2400 .0 

W 
0:: 2000 ::J 
(f) 
(f) 
W 
0:: 1600 a.. 
S! 
~ 1200 « 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 400.000 500,000 

ALTITUDE, fl 

Fig, A-325 

0.20 
-0 

~ 

Z 0 
0 
N 
0:: 
0 

-0.20 

I 
...J 
« -0.40 
t) 

g 
0 -0.60 
z 
« 
~ -0.80 

z 
w 
w -1.00 
~ 
I-
w 
CD -1.20 
w 
...J 
(!) 

-1.40 Z 
« 
...J 
« -1.60 
t) 

0 
...J 

-1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig, A-327 

0 

-1000 

-2000 

'" -3000 
<) 
Q) 

'" :::: - 4000 

Z 
0 
1= -5000 
<[ 
0:: 
W 
...J -6000 
w 
t) 
t) 
<[ - 7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

;;: 600,000 

W 
0 
::J 500,000 
I-
1= 
...J 
<[ 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig, A-326 

0 .1 0.2 0.3 0.4 0 .5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CU RRENT VEHI CLE POS ITIONS, Mars rad iu s 

Fig , A-328 

1.0 

91 



JPL TECHNICAL REPORT NO. 32·458 _________________________ _ 

450,000 

400,000 

350,000 

.:: 300,000 

w 
o 
~ 250,000 

5 
<l: 200.000 

150,000 

100,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a: 
w 30.0 
CD 
:::;; 
:J 
Z 25.0 
I 
t.) 

<l: 
:::;; 20.0 

15.0 

10.0 

5.0 

0 

92 

o 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A·329 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A- 331 

40,000 

36,000 

32,000 

28,000 

u ., 
'" 24,000 " 
~ 

20,000 I-
U 
0 
...J 

16,000 w 
> 

12 ,000 

8000 

4000 

g 4500 
'" 

'" -" 4000 
:J 
I-
CD 

W 3500 

~ 
a: 3000 

~ 
Z 

~ 2500 
w 
I 

I- 2000 
Z 
(5 
0.. 1500 
Z 
0 
f= 1000 <l: 
Z 
~ 
<l: 
I-
en 500 

0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A·330 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUD E , ft 

Fig . A-332 



------------------______ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
to 
I'-
ci 

-.:::: 2800 

'" -" 2400 .0 

UJ-

a: 2000 :::> 
Cf) 
Cf) 

UJ 
a: 1600 
Cl. 

u 
~ 1200 « 
Z 
>-e 800 

400 

0 
0 100,000 200,000 300,000 400.000 500,000 

ALTITUDE, ft 

Fig, A-333 

0.20 
u 
~ 

Z 0 
0 
N 
a: -0.20 
0 
I 

.J « -0.40 
u 
0 
.J 

e -0 60 
Z « 
l<J -0 80 ::,. 

z 
UJ 
UJ - 1.00 
3 
I-
UJ 
ID -1.20 
UJ 
.J 
<.') 

- 1.40 Z « 
.J 
« -1.60 u 
0 
.J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-335 

0 

- 1000 

-2000 

'" -3000 
u 
Q) 
<II :: - 4000 

Z 
0 

~ 
- 5000 

a: 
UJ 
.J 
UJ 

- 6000 

u 
u « -7000 

- 8000 

-9000 

- 10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W-
e 
:::> 500,000 
t: 
~ 
« 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig, A-334 

0.1 0 .2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars radius 

Fig. A-336 

1.0 

93 



J PL T ECHNICAL REPORT NO. 32-458 _______________________ _ 

500,000 

450,000 

400,000 

350,000 

~ 300,000 

W 
0 
::::l 250,000 
I-

5 
« 200,000 

150,000 

100,000 

50,000 

50.0 

4 5.0 

40.0 

35.0 

a:: 
LLJ 30.0 
al 
::0 
::::l 
Z 25.0 
I 
U « 
::0 20.0 

15.0 

10.0 

5.0 

0 

9 4 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-337 

200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig . A-339 

40,000 

36,000 

32,000 

28,000 

" Q) 
on 24,000 "--.; 

20,000 I-
U 
0 
.J 
LLJ 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
on 

'" 
::::: 4000 
::::l 
I-
al 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
LLJ 
I 

I- 2000 
Z 
0 
0.. 1500 
Z 
0 
~ 1000 « 
Z 
(!) 

« 
I- 500 
(/) 

0 

0 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-338 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fI 

Fig . A-340 



---------________________ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 
<D 
f'-

ci 
"-

2BOO 
N 
~ 

~ 2400 

W-
e:: 
::J 
Cf) 
Cf) 
W 
e:: 
CL 

~ 
~ 
<l: 
z 
>-
0 

z 
o 
N 

2000 

1600 

120 0 

BOO 

400 

0 

o 

g§ -0.20 
I 

..J 
<l: -0040 
u g 
o -0.60 
Z 
<l: 

!;: -O.BO 

Z 
W 
W 
:;= 
f
W 
CD -1.20 
W 
..J 

~ - lAO 
<l: 

..J 
<:3 -1.60 

:3 
- I.BO 

0 100,000 20 0,000 300,000 400POO 500,000 

ALTITUDE, It 

Fig. A-341 

o 100,000 200,000 300,000 400,000 500,000 

ALTI TUDE, It 

Fig . A-343 

0 

-1000 

- 2000 

'" 
-3000 

u ., 
'" ~ - 4000 

Z 
0 

~ 
-5000 

e:: 
W 
..J -6000 
W 
u 
u 
<l: -7000 

- BOOO 

-9000 

- 10,000 
0 

1,000,000 

900,000 

BOO,OOO 

700,000 

:: 600,000 

W-
0 
::J 500,000 
f-
f= 
..J 
<l: 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300 ,000 4OOPOO 500.000 

ALTITUDE, It 

Fig . A-342 

0.1 0 .2 0 .3 0.4 0.5 0 .6 0 .7 O.B 0.9 1.0 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, S~~lr:C~a~~:;e 

Fig. A-344 

95 



JPL T ECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

~ 300,000 

W-
0 
::::> 250,000 
l-

S « 200,000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
al 
:E 
::::> 
z 25.0 
I 
U « 
:E 20.0 

15.0 

10.0 

5.0 

0 

9 6 

0 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-345 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-347 

40,000 

36,000 

32,000 

28,000 

u 
Q) 
on 24,000 "-

~ 
20,000 l-

Ll 
0 
.J 

16,000 w 
> 

12,000 

8000 

4000 

0 

~ 4500 
on 

'" 
::::: 4000 
::::> 
I-
al 

W- 3500 

!;t 
a:: 3000 
(!) 
z 
l:i 2500 
w 
I 

I- 2000 
z 
0 
a. 1500 
z 
0 
i= 1000 « z 
(!) 
« 
I- 500 
(f) 

0 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig . A-346 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig . A-348 

I 
-.J 



L 

----------------_ _ ___ ___ JPL TECHNICAL REPORT NO. 32·458 

4000 

3600 

3200 

'" "": 
0 

" 
2800 

oJ -"-
.0 2400 

W-
a: 

2000 ::::> 
en 
en 
w 
a: 1600 
Cl. 

~ 
::;: 1200 
<t 
z 
>-
0 800 

400 

0 
0 100,000 200,000 300,000 4 00POO 500,000 

ALTITUDE , ft 

Fig. A-349 

0.20 
-0 

l:' 

Z 0 
0 
N 

a: -0.20 
0 
:r: 
...J 
<[ -0.40 
0 

53 
0 -0.60 
z 
<[ 

l,.j -0.80 ::". 

Z 
W 
w -1.00 
:;: 
I-
w 
CD -1.20 
w 
...J 
<.!) 

- 1.40 Z 
<[ 

...J 
<[ -1.60 
0 
0 
...J 

-1.80 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-351 

0 

-1000 

-2000 

'" -3000 

" Q) 

'" "-
-4000 

Z 
0 

~ 
-5000 

a: w 
...J -6000 
w 
0 
u 
<[ -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

.:: 600,000 

W-
0 
::::> 500,000 
l-
f: 
...J 
<[ 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE, fl 

Fig. A-350 

0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars rad ius 

Fig. A-352 

1.0 

97 



J PL T ECHNICAL REPORT NO. 32-458 ________________________ _ 

450,000 

400,000 

350.000 

:: 300,000 

w 
o i= 250,000 

S 
<l: 200.000 

150,000 

50.0 

45.0 

40.0 

35.0 

0:: 
w 30.0 
CD 
:::;: 
:::> 
z 25.0 
I 
U 
<l: 
:::;: 20.0 

15.0 

10.0 

5.0 

0 

9 8 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig . A-353 

0 100.000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-355 

40,000 

36,000 

32,000 

2.8,000 

u ., 
V> 24,000 "--
~ 

20.000 I-
U 
0 
..J 

16,000 w 
> 

12,000 

8000 

4000 

0 

5000 

~ 4500 
V> 

'" 
~ 4000 
:::> 
I-
CD 

W 3500 

!;i 
0:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
Z 

0 
0.. 1500 
Z 
0 

~ 1000 
Z 
(!) 

~ 
CfJ 

500 

0 

III 

• -
0 100,000 200,000 300.000 400,000 500,000 

ALTITUDE, ft 

Fig . A-354 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-356 

_I 



-----------------______ JPL TECHNICAL REPORT NO. 32·458 

tD 
r--

3600 

3200 

ci 
~ 2800 

~ 2400 

W 
a:: 

2000 :::> 
(f) 
(f) 
w 
a:: 1600 
CL 

S,? 
::E 1200 « z 
>-
Cl 

800 

400 

0 

0.20 
"0 

~ 

Z 0 
0 
N 

a:: -0.20 
0 
::r: 
...J 
« -0.40 
u 
9 
Cl -0.60 
z « 
l,.j - 0.80 :::. 
z w 
W -1.00 
~ r-
w 
(IJ -1.20 
w 
...J 
l!) 

- 1.40 z 
« 
...J 
« -1.60 
U 
0 
...J 

- 1.80 

0 100,000 200,000 300,000 400POO 500,000 

ALTITUDE, ft 

Fig . A-357 

0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig . A-359 

0 

-1000 

-2000 

'" -3000 
u ., 
<II 
"-- - 4000 

Z 
0 

~ 
-5000 

a:: 
W 
...J 
w 

-6000 

U 
U « -7000 

- 8000 

-9000 

-10,000 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W 
Cl 
:::> 500,000 r-
h 
...J « 400,000 

300,000 

100,000 

o 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE , ft 

Fig. A-358 

0.1 0 .2 0.3 0.4 05 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEH ICLE POSITIONS, surface range 
Mars rad ius 

Fig . A-360 

1.0 

99 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
0 
::J 250,000 
I-

5 « 200,000 

150,000 

100,000 

50,000 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
al 
::< 
::J 
Z 25.0 
I 
<..> « 
::< 20.0 

15.0 

10.0 

5.0 

0 

100 

0 100,000 

300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-361 

200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig . A-363 

40,000 

36,000 

32,000 

28,000 

<> 
Q) 

'" 24,000 ...... 

~ 
20,000 I-

0 
0 
--l 
w 16,000 
> 

12,000 

8000 

4000 

0 

~ 4500 
'" 

'" 
::;: 4000 
::J 
I-
al 

W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
w 
I 

I- 2000 
Z 

0 
0.. 1500 
Z 
0 
i= 1000 « 
Z 
(!) 

~ 500 
Cf) 

0 

.. 
0 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-362 

0 100,000 200POO 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-364 

_J 



--------------__________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
to 
I'-: 
0 

2800 

" "" 
~ 2400 

u.i 
a:: 

2000 :::> en en 
w 
a:: 1600 a. 
~ 
::< 1200 <t 
z 
>-
Cl 

800 

400 

0 
0 400,000 500,000 

Fig . A-365 

0.20 
"0 

~ 

Z 0 
0 
N 

a:: -0.20 
0 
:r 
...J 
<t -0.40 
U g 
Cl -0.60 
z 
<t 

~ -0.80 

z 
w 
w -1.00 
~ 
~ 
W 
CD -1.20 
w 
...J 
(!) 

-/.40 z 
<t 
...J 
<t -1.60 
U 
0 
...J 

-1.80 
0 /00,000 200,000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig. A-367 

0 

-1000 

-2000 

N -3000 
<) 
Q) 
on :: - 4000 

Z 
0 

~ 
-5000 

a:: w 
...J - 6000 w 
U 
U 
<t -7000 

- 8000 

-9000 

-10,000 

1,000,000 

900,000 

80 0 ,000 

700 ,000 

:: 600,000 

W-
Cl 
:::> 500,000 
t: 
~ 
...J 
<t 400,000 

300,000 

200,000 

o 

0 

o 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE , ft 

Fig . A-366 

0 ./ 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS surface range 
, Mars radius 

Fig. A-368 

1.0 

101 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

:: 300,000 

W 
e 
:::J 250,000 
I-

5 
<i 200,000 

150,000 

50,000 

o 
o 100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A-369 

50.0 

45.0 

40.0 

35.0 

a:: 
w 30.0 
<D 
:E 
::::> 
Z 25.0 
:x: 
(J 
<i 
:E 20.0 

15.0 

10.0 

5.0 

0 
0 100,000 200,000 300,000 400,000 500,000 

ALTITUDE, II 

Fig. A-371 

102 

40,000 

36,000 

32,000 

28,000 

u 
Q) 

'" 24,000 "-:: 
;.: 

20,000 I-
U 
0 
...J 
W 
> 

16,000 

12,000 

8000 

4000 

:;l 4500 

'" N 

:::: 4000 
::::> 
I-
<D 

W 3500 

!;i 
a:: 3000 
C> 
Z 

~ 2500 
W 
:x: 
I- 2000 
Z 
0 
a.. 1500 
Z 
0 

~ 1000 
Z 
C> 
<i 
I-en 500 

0 

200,000 300,000 

ALTITUDE , II 

Fig. A-370 

0 100,000 200,000 300,000 

ALTITUDE, II 

Fig. A-372 

400,000 500,000 

400,000 500,000 

I 
I 

-~ 



_________________________ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<D 
t-
O 

2800 
'-N 

~ 2400 

W 
0:: 

2000 ::> 
(/) 
(/) 
W 
0:: 1600 a. 
<..> 

~ 1200 
<t 
z 
>-
0 800 

400 

200,000 300,000 400POO 500,000 

ALTITUDE, ft 

Fig. A-373 

0.20 
-0 

~ 

Z 0 
0 
!:::! 
0:: -0.20 
0 
I 
...J 
<t -0.40 
u 
g 
0 -0.60 
Z 
<t 
lJ..J -0.80 
~ 

Z 
W 
W -1.00 
~ 
I-
W 
<D -1.20 
W 
...J 
<.!l -1.40 Z 
<t 
...J 
<t -1.60 u 
0 
...J 

-1.80 
0 100,000 200.000 300,000 400,000 500,000 

ALTITUDE, ft 

Fig, A-375 

0 

-1000 

-2000 

'" - 3000 
<.> .. 
'" :: -4000 

Z 
0 

!i -5000 

0:: 
W 
...J -6000 
W 
u 
u 
<t -7000 

-8000 

-9000 

-10,000 
0 

1,000,000 

900,000 

800,000 

700,000 

:: 600,000 

W 
0 
::> 500,000 
I-

5 
<t 400,000 

300,000 

200,000 

100,000 

0 
0 

100,000 200,000 300,000 4OOpoo 500,000 

ALTITUDE , ft 

Fig. A-374 

0.1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 

CURRENT VEHICLE POSITIONS, surface range 
Mars radius 

Fig. A-376 

1.0 

103 



JPL TECHNICAL REPORT NO. 32-458 ________________________ _ 

500,000 

450,000 

400,000 

350,000 

- 300,000 -W 
0 
::::> 250,000 
I-

5 
<l: 200,000 

150,000 

50,000 

o 

50.0 

45.0 

40.0 

35.0 

a:: 
W 30.0 
<Xl 
::;: 
::::> 
z 25.0 
I 
U 
<l: 
::;: 

104 

o 

o 

100 200 300 400 500 600 700 800 900 1000 

TIME, sec 

Fig. A- 377 

100,000 200,000 300,000 400,000 500,000 

ALTITUDE, fl 

Fig. A-379 

L ________ . ___ ~ __ 

40,000 

36,000 

32,000 

28,000 

<) 

~ 24,000 -.... 

.,.: 
20,000 t: 

u 
0 
...J 

16,000 W 
> 

12 ,000 

~ 4500 
'" 

"';:: 
-.... 4000 
::::> 
I-
<Xl 
W 3500 

~ 
a:: 3000 
(!) 
Z 

~ 2500 
W 
I 

I- 2000 
Z 

0 
a.. 1500 
Z 
0 
i= 1000 <l: 
Z 
(!) 
<{ 
I-
en 500 

0 

o 100,000 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig, A-378 

0 200,000 300,000 400,000 500,000 

ALTITUDE , fl 

Fig. A-380 



---------------_______ JPL TECHNICAL REPORT NO. 32-458 

4000 

3600 

3200 
<0 ,... 
c:i 

.;::: 2800 
N -"- 2400 .0 

W 
cr 

2000 => 
(f) 
(f) 
W 
cr 1600 a.. 
S2 
:::;; 1200 
<l: 
Z 
>-
Cl 

800 

400 

0 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-381 

0 .20 
"0 

~ 

;;i 0 

0 
N 

cr 
0 

-0.20 

I 
...J 
<l: -0.40 
U g 
Cl -0.60 
Z 
<l: 

~ -0.80 

Z 
W 
W - 1.00 
:;: 
I-
W 
CO -1.20 
W 
...J 
(!) 

- 1.40 Z 
<l: 

...J 
<l: - 1.60 
U 
0 
...J 

-1.80 
0 100,000 200,000 300,000 

ALTITUDE, ft 

Fig. A-383 

N 
U 

'" U) 

"-
-4000 

;;i 
0 

~ 
-5000 

cr 
W 
...J -6000 
W 
U 
U 
« - 7000 

-8000 

-9000 

-10,000 
400POO 500,000 

900,000 

800,000 

700,000 

;:: 600,000 

W 
Cl 
=> 500,000 
l-
f: 
...J 
« 400,000 

300,000 

200,000 

100,000 

o 
400,000 500,000 

0 

o 

100,000 200,000 300,000 4OOPOO 500,000 

ALTITUDE , ft 

Fig. A-382 

0 .1 0 .2 0 .3 0.4 0.5 0.6 0 .7 0.8 0.9 

PLANET CENTERED ANGLE BETWEEN INITIAL AND 
surface range 

CURRENT VEHICLE POSITIONS, Mars radius 

Fig. A-384 

1.0 

105 



_.J 


