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r v  i 

Frontispiece 

left: Mariner IV begins its eight-month journey to Mars on November 28, 1964. 

inset: A telescopic view of Mars as seen from earth. 

Right: A mosaic of the Mariner IV pictures superimposed upon a photograph of 
a hand-painted model of Mars. 
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Picture 1 H. Picbure 1 processed so as to emphasize 
the cloud above the limb 
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REFERENCE COORDINATES 
Lone and e lement  numbers,os recorded on 1Lle original 
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refer-ncinq of features 
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Jfin. 103 I06 I06 I10 I13 
Jlns .  160 165 165 15.3 145 

Jl in .  1-12 153 I .53 1-19 I ri8 
\lAS. -- r)oq 23-3 23% -- '133 "I; 

irtiirr S F E D c B 

lineations 

Albedo and Surface Textures 

The ntirthprn part of Pictiirr 8 appears Irw rorigir t!inn the 
t1nrLc.r soiithrrn part. I n  this cnsr no nliiript 1)oiiirtlnrr. i \  
.ipparcnt . 

Vir smith or soilthenst parts of  tlic flncvs nf no Iws thnn 
fi1.r of t h r  principal craters iri  tliPsr pictrirrs apprnr clarkrr 
than t h r  nvrrncr. 5r\.rr:iI cr:itwz in Pictrirrs 9. 10. ; i t i d  1 I shot\. 
:I similar cffrct. Althniich an rsplnnntion in trrnis o f  ;ill)rrlo 
variations srcms mnst likc.1::. tlir rfl'rct is prcriliar. I t  is tliflic.rilt 
to irnncinr ;in instrrin~rntnl i,ffrc,t that \ ! m i l d  I m r l  tn s i i c ~ : ~  ;in 
;ippe;ir:inct.. b r i t  siieli an rup1;in;iticin c x t i i i o t  Iw cuc~ll~rlctl. Onr 
inlist :ilso :iiln;il t l i1 .  pssi1)il ity that this ;ippr;ir;rncr is :I tn i r  
shatlinq rft'crt r l w  to s i i r f w r x  slopes, so that thr floors of thr  
cratrrs :irr "tlomrd." Si i rh  doming micht l)r prntlrirrd 
isostatic rrlmintl of the  Sl;irti;in criict o\w- :I InnE rr-.ind nf 
time fnllmrinc n maim impact. 



REFFRENCE COORDINATES 

Lme and element numbers, as recorded on the original 
television Dhotoarophs. are deDicted orourid the perimeter km 
of the imagery Ibr the'purpose of identdyinq and 
referencnnq of feotuies 
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Time and Lightin 
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Pictures 9 and 10 

Filters 

Location 

Albedo 
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?OO REFERENCE COORD YATES 

Cane On0 element numbers, as recoraefi on the ortqlnol 
television photogra~hs, o r e  depicted around tcle perineter 
of the imagery for The purpose of idenlafytng and 
referenclnq of tratures 

Element Number 
Ltne Number 

Dr ?, . .4? y ,  .?p  '??, , , . .  . ,. . . 
, A , . .  ,.,:I ' _,.-. * I ,  . . . .  

km 
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East to West 

Orthographic Projection 
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180 
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I - -160 /---------- - -- 

9, 10A. AClC version 
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9D. Negative version, calibrated and unsharpened 

~ , , , l , , , l . , , l , , , l , . , l , , , ~ , , , ! , , , ~ ~ , , ~ , , ~  ' 

c 

100. Negative version, calibrated and unsharpened 

9C. Calibiated, rectified, and shc 

1OC. Calibrated, rectified, and sh 



and sharpened 98. Calibrated and rectified 

and sharperred 

1 

1OB. Calibrated m d  rectified 

17 



11 G. Variance plot 11 F. Calibrated, sharpened, and enha 

19G. Variance plot 

18 

12F. Calibrated, sharpened, and enhai 



en ha n ce.1 

enhanced 

I 

Time and Lightin: 

The lncnl time i s  

11  E. Calibrated and enhanced 

Brightness Range1 

Pictiiw 1 1  
11 in. 
S I X  

Pictlire 1.7 
Jlin.  
11dY 
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Pirtiirr 12-nr:incr 

Pictures 11 and 12 

picttirr. cm'rrr ~ 1 %  ;ir(',i rni 

i 37 

' *  , 

137 1.7, 132 

Thp prcii lhr trndrncy fnr tnnnl \xrintinn to I)r brichtrr  on 
thc  nnrtlirrn pnrtion of crater flnnrs and tlnrker on thr smith- 
rrn.  n n t d  nrrviaiisl!. in tliscirssinn nf Pirtiirrs 7 nnt l  S. nnrl 
:ilso 9 nntl 10. is c.nnsr)iminiis!\. dc\v-lnpcd in PI? T,2n E l - ln ,  
:inti Ifass strnncli. in tlir I:ircr c.r:itc*r of t'ictlirr 1 I .  111  tllc fnriiirr 
(*;icr, t h r  rffwt ic so strnnc tli:it. i f  prrsiiinrd to Iw snlrlt. 
tnpnqr;ipliic,. thr \rhnlr  crntr.;tl :irr:i of tlir cr;itrr ivnrilc! lw 
m m v  hiintlrrrlc nf inrt im hichrr than t h r  srirrorintlin~ plain. 

lineations 

Thr most prnrninrnt linc:it inn \.isil>lc i v  tlirsr pictiirrs is 
thr Itrriq. str:iiqlit. niirroo. rift visihlr in Pirtiirr 1 I .  It riinc 
rinrtIir.ixt troni Ihr wiith\\wt cnr irr nf t lir pivtiirr tmvnrtl 
L1 El?.? (J'ictiirr 11R\ .  :\t snmr nnintc i t  ic liqhtrr thnri tlir 
wrroiindincs. ;it otlirr p i n t s  t1;irkrr. ,\s i t  rrncsrs thr \\.rills 

n mimi- cr:itc.r n n t l  thr inninr rrntw. it s r rms  tn cnhnnrr  thr 
s h d i n c  h i p  tn crntrr ~ w l l s .  Clnsr insnrctinn rrvr;ils thnt ;ilnnc 
miich of i t <  Irneth it i s  (loiililr. c*triiuistitic of turn tI:irk Iinrc 
nhoiit 3 picfiirr rlrn?rnts ;ip;irt. T l i r r r  i s  t i n  rvit1rric.r of shv,ir 
tlisplnrrniriit nf nnr citlr rrlntivr to tlir othrr. 

\lost of tlir ntlirr linr:itinns in t h r w  pictiirrs srrm tn hr 
shnrtrr. rnorr tliffiicr. :itill  to h v r  i riorth\\mtrrl\. trrntl. 
p:ir:illrl tn t l i r  prominrnt polvcniinl c,r;itrr ii.;iIIc. 

Albedo and Surface Texture 
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QEFERENCE COORDINATES 
2 ?r 

' 7  ' . ' . I  ' ' . I  i --7; __ ?? F.. .e? K ' O  , 

L I . . . .  : L . .  , ! , ' . i  - : , . , . i  a , . . . !  
Lkne and element numbers, a5 recorded on the original 
television photoqrophs, ore depicted around the perimeter 
of  the imaqery for the purpose o? IdeWfymg a n d  
refercncinq of features Orthographic Prolettion 
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13G. Variance p!at 13F. Calibrated, sharpened, and enhanz 

20 14G. k'arionce plot 14F. Calibrated, sharpened, and enhancc 



hanced 13E. Calibrated and enhanced 

lanced 

1 

14E. Calibrated and enhanced 

Picti 

Filters 

Pic,tiirr I :2 -or : i r i~ t .  

Location of Picture Cer 

Pictiin) 13- 1 0  S. 206 

Time and Lighting 

Thn local timc i s  n h i t  



Pictures 13 a n d  14 

Pictitre 1-I-crren 

ing  

’ is nhout 13:M. 

from thc 7rnith in Pictitrc 13 iind 61’ in 
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'I '-1 4 -  6 0  0; REFERENCE C0090lhPTES 

Line and plement numbers,as recode,+ on the oriolnal  I 1 . i  1 '  - *d' krn 
lelerdsLor phc:oqrapns. ore depicted avo-nd tt,e pcrlmeter 
ot IhP ornaqery f x  the purpose rf ident~fytiq and 
referencing of features 

fiemerV Number 
Lsne Nurntier 

b r t h  10 SJllth 
East to Nest 

01 !'wqrophic Prolection 

ot 41"08'03"5 and 152'32'20''W 

1; 

' '6 

I 70' 

I 
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13D. Negative version, calibrated and unsharpened 13C. Calibrated, rectified, and sharpenc 
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14D. Negative version, calibrated and unsharpened 
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14C. Calibrated, rectified, and sharpen1 



- 
and sharpened 

, and sharpened 

138. Calibrated a?d rectified 

21 



15G. Variance plot rn' E 
15F. Calibrated, sharpened, and enhance 

16G. Variance plot 22 
16F. Calibrated, sharpened, and enhanced 
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enhanced 15E. Calibrated and enhanced 
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Location of Picture C 
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Brightness Ranges 
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I 
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Pictures 15 and 16 

f Picture Center 

5-iR-S. 217-E Pictiirr 18- 18"s. 221"E 

lighting 

tiniv. i s  13:40 fnr I'irtiirr 15 nntl I 4 : O O  for I'ictiirr 
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F ZFERENCt COOPOINATES 

Line and elenient numbers,as eecorded on the original 
lelevlslm photographs, ore degic ted around the pflrimeler 
of the 'mogery for the purpose of idenittying and 
reterencinq of features 

Elernenl Number Norlh to South 
Line Number East to West 

km 

Orthoqrophic Projection 
01 46"50 22"s and 140"59'10"W 

20  

4 0  

60 

Ab 

100 

1:s 

1.40 

16C 

1 .e 
80 

100 

IS, 16A. AClC version 
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15D. Negative version, calibrated and unsharpened 15C. Calibrated, rectified, and S I  
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16D. Negative version, calibrated cnd unshnr~ened 
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168. Calibrated and rectified 
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Table 11-1. Summary cowpilation o f  Martian crater dafa 

Total Central Polygonnl Smallest I Lorgeit Well Intennediole Poorly 

preserved 
Picfurer 

number peoks outlme dia.. km dio.. km preserved preservotion 
_._ 

3 . 4  88 1 0 6 80 5 37 45 

43 - 
5 . 6  92 1 6 2 5 64 9 40 

7. 8 115 7 1 0  4 I80 18 45 52 

9, ' 0  132 1; IO 4 123 1 9  64 A9 

11 .12  P I  8 9 3 7 75 20 A 2  35  

A 350(?) 12 19 36 13, I4 67 4 5 

15, 16 45 2 3 7 114 3 2 2  2n 

- 

~ ~~ 

636 39 38 Smallest  Largest 8 6  269 281 

3 km 350P) km 
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111. Intensity and Color Calibration of Flight Photographs 
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Fig. 111-1. Plot of 2 v 2 averages of DN's for lines 60 and 61 of flat-field calibration pictures (Tape K-67) 
The averaylng was done to minimize the effects of harmorlic noise present in the pictures. At  the top i s  plotted the corresponding average of lines 60 
and 61 of calibration picture 23 after calibration. 
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Fig. 111-2. Sample flat-field calibration pictures 
There are shown in a l o r n  which enhances Ihe visibility of !he DN fluctualions by reducing the number of gray levels from 64 to 16. The pictures shown 
are: Top (left), file 8; top Irightl, file '3;  bottom (leftl, file 14; bottom (right), file 16. (A l l  are from talibralion tape K-67.1 
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Tablt l!!-l, Calibration picture exposure data" 
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Table 111-2. Tabulation of I vs DN 
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Fia. !11-3. Plot of average DN vs light intensity for 45 %t-field calibration pictures 
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DN 

Fig. 111-4. Plot of fractionai sensitivity 311 per bnif DN. 
as o function of DN; approximate locations 

of flight pictures on this curve 
are also indicated 

tl it .  ortlinnnrni,ilit!- condi t ion is 
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Fig. 111-6. Plot of the intensity corrections needed to improve the fitting of the 
calibration data by serond-degree polynomials 
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8. Conversion from Orthogonal Polynomials to Po*.ver 
Series; Shutter Mark Removal 

Prrspar:iton to ;ippl!.in< t I i ( *  c x l i l w a t i o i i  tl.it;i to t lw 
IIiqIit pictiirc*.;. t I i ( .  iii.itrirc s A,. .!,. X I K I  . \  \\x*rcI cornliincd 
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Fig. 111-8. Sample printouts of orthogonal polynomial coefficients A,, ,  A , ,  AI (each i s  multiplied by 100) 
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Fig. 111-8 (contd) 
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11, - - 1.7 0.030(1, - - C R Y )  - 0.003R5 ( E  - 108.3 

- 3 \I 10 ( L  -99.7)' ( 7 )  

c (23.4,  43.4) 

F (2. 4, 38.3) 

O(--4.1, . 5.1) 

c (99.5,44.3) 

F (101. 39.3) 

D(-1.5. 5.0) 

C (185.4.46.0) 

F ( 1  84.5.40.3) 

D ( -- 0.9, -* 5.7) 

lwinqs t l iv  nine fidiicial m,irk\ into cnrrrsponclrncr :I i t l i in 
;in nns iiriecrtnintv of 0.2 pictiire cI(mcmt. 

C(71.0. 115.1) C (19, 1 8 5 )  

F (25.5. 107.4) 

D ( -  4.5. A 7.7) D( -4 .2 ,  i9.0) 

C(98.0. 116.1) C (96.3. 186.3) 

F (99.7. 108.3) F (9A.5, 177.3) 

D ( - - l 7 ,  7.7) D 1- 2.2. &9.0) 

E(l835, 117.2) C (181.9, 188.0) 

F(183 .2 .  109.2) F (182.0, 178.3) 

D (I 0.3, -* 8.0) 

F (23.2, 176.0) 

O f - 0 . 1 .  -*-9.7) 

Table 111-5. Picture coordinates ( L ,  E) of fiducial mark 
corners'' (C Calibration, F = Flight, 

D ~ Differewe, L = line, 
E -- Element) 

\ v h m  I nntl  J rt2ft.r to intc-gral lint. ant1 c4emcnt n i i m l x w  
and 0 < (x. 11) < 1 arc thc fractional r en ia in t l cm:  

E' = J -- l/ ( 1 1 1  
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WAVELENGTH, p 

Fio 111-9. Spectral responses of visual photometer IKI, 
vidicon (V! ,  vidicon with green filter IG), vidicon 

with orange-red filter (R); also shown are 
relative spectral distributions of the 

collimato. light source (C)  
and of sunlight (21 
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-- 0- ~ 

4.7 -30 -20 - 0  0 10 70 30 40 SO 

TEMPrRATURE. "C 

- Id  111-10 Variation of camera sensitivity with 
temperature 

The operating remperoture of the cor era at the time of  Mors encounter 
was 7oc 
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5 

30 
Ci 5c I a3 150 200 

ELEMFNT 

Fig. 111-1 1. Line and element coordinates of the 
shutter marks for the calibration pictures 

c i d  the flight pictures 
The corner0 sensitivitie? ;olibrotion pictures) or the in'ensities of the 
picture elements [f l ight pictures1 on and within these boundaries were 
replaced by values obtuined by linear interpolotian across the work. The 
width o! the mark war taken to be greater for th r  calibration oictures 
becouse of the relative uniformity o f  vidicon response. The f l ight picture 
mark was held to os .vwrow o width os  possible to retain as much inde- 
pendent picture informaticn os possible without h a v h g  the mark appear 
in the pictures. 

ELEMENT NUMBER d 

FlWClAL MARK BOUNDARIFS 
FLIGHT FICTURE FOPVAT 

Fig. 111-12. Line and element coordino!es of fiducial 
marks for flight pictures 

The elements l y i r g  within and an these boundaries were replaced by 
linea. interpolation 0% in Fig. 111-1 1. 
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Fig. ill-13. Average of green pictures 2 , 3 ,  6,7, 10, 11 ,  14, and 15, enhanced such that 
the brightness range 100-1 30 spans the D N  range 63-0 
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Fig. 11\-14. Average of red pictures 4, 5 ,  8,9, 12, and 13, enhanced 
so that the brightness range 160-220 spans the DN range 63-0 

Note the stronq sirn:loritv rf the two oicturer 
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fable 111-6. DN discrimination and random error 

Picture 
No. 

1 

2 

3 

4 

5 

6 

7 

a 
9 

IO 
1 1  

1 2  

13 

14 

15 

16 

17 

18 

19 

I , .  1000 

205' 

140 

150 

250 

2 50 

140 

130 

180 

150 

85 

70 

100 

100 

75 

70 

98 

82 

51 

I5 

M!l 
lper DN) DN,. 1 

23 I GO20 
16.5 

12.5 

20 

21 

15 

19.5 

37 

43 

37 

43.5 

50 

51 

44 

43 

52 

53 

51.5 

51 

0.020 

0.020 

0.011 

0.020 

0.020 

0.020 

0.028 

0.036 

0.028 

0.037 

0.055 

0.060 

0.038 

0.037 

0.066 

0.070 

0.062 

0.062 

Random 
error" 

0613 

0.01 3 

0.01 3 

0 013 

0.01 3 

0.01 3 
0.01 3 

0.014 

0.016 

0.014 

0.016 

0.020 

0.02 1 

0.016 

0.016 

0.023 

0.024 

0.022 

0.022 

*Arcrope of planet disc [sky excluded) 
"The random errors. including urintout errors. are the lame. exreDt for Pictures 18 
(0 0131 and 10 [0.0271. 

C. Correction of Pictures for Haze or Glare 

The procedures dtwribed in the foregoing sections 
yield rather prc-cisca \.alries of the light intensity incident 
upon each element of tlir vidicon target surface for the 
21 indi \ , idunl  p ic t i i r r s  recortlcd: Thc absolute photo 
metric precision attainrd may approach 10 or 15T, and 
relative intensities are probably kno\vn Ivi thin a percent 
or so. Ho\vc\.cr, the truc brightness of the Jfartian siirface 
is less \vel1 kno\vn twcn t iw  of the suspectcd presence of 

In  Picture 19, \vhicli i n c l r i d r ~  thii e\.eninq terminator. 
thtx brightness does not fall  to zero ;it t l i c  tcmiinator. 
Similarly, Pictures 20, 21, and tl ir small part of of 22 that 
\vas recorded all eshihit hriqhtnesse!: definitcly tiistin- 

,piishal>le from t h c s  t n i e  black-sky as it \viis rccorded sev- 
eral d a ! - s  after th r  compl t , t i on  of pictiirc pla!.hack. 

T h v  valnr of the Jfarincr I\' pictures for qiiantitiitivc 
p n r p o w s ,  wch RF the evaluation of the \lopes of crater 

km 

0 20 40 60 80 1 0 0  

PICTURE EL E M E N TS 

75  
-20 

Fig. 111-15. Plot of intensity vs altitude above the 
planet for the sky area of Picture 1 

The unit of intensity is that of a white Lambor( surface sifuahd normal to 
the sunlight at the orbit of Mor:. 

52 i 
i 
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W > I 

-50 0 50 100 '50 200 250  

HEIGHT, krn 

Fig. 111-16. Plot of scattered intensity from a vertical 
column of atmosphere vs the altitude of the 

bottom of the column above the planet 
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Fig. 111-1 7. Schematic intensity mop of Mars os viewed bv the spacecraft 
This char? was used ?o es?imnk ?he glare intensities teen by the vidiconfor various assumed siot?ering functions. 
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I , , ,  - 1 ,,,,, , cos i 
1 Po< i 1 ,, 

0 MAXIMUM GLARE -. 
DERIVED FROM 
CgATER WALL SLOPES 

n . 

I t  '- 

i 

Fig. 111-18. Plot of maximum and minimum inte,isities 
observed in each picture, the glare contribution 

from a cleai camera (curve GI, the estimated 
atmospheric scattering (curve HI, and total 
haze and giore effects (curve H and G MINI, 

4s picture number 
The moximum backqromd hum an4 glare ore alsr shown os es:imated 
from cro(er waII inleniitiei occordinq lo a procedure described in the 
text Icurve H plus G M A X I  

U "  ~ 0 . 6 5 .  i, O.h.5 

JPL fECHNlCAL REPORT 31-884 57 

I 

I ~- 



14 

14 

16 

16 

' 8  

18 

I 1  

13 

13 

I5 

15 

17 

17 

19 

19 

V 

V 

V 

V 

V 

V 

H 
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ti 

t I  

H 

Table 111-7. Sine-wave response data'  

-- 
I 

m'nts' I l -  

22.75 65 

11.667 55 

7 . ~ 0  5s 

5.778 60 

3.83 60 

2.88 50 

2.33 50 

1.937 56 

1.45 56 

26.25 53 

12.667 56 

9.40 118 

2.526 

2.32 

1.587 

I5C 
145 

145 

150 

150 

140 

140 
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164 

91 

I54 

164 

94 

160 
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86 

75 

75 

87 

87 

85 

85 

70 

70 

93 

156 

160 

15r) 

150 

162 

162 

150 

150 

I50 

?SO 

From Calibrot;on Da.3 TaDe K-76. F i l u  10-1P 

"Ratio determined by micmohotomr e' mw%u-e.nent 06 origin01 f i lm 

obtervcd 

0.73 

0.69 

0.615 

0.595 

0 428 

0.25C 

D.168 

0.070 

0.019 

0.725 

0.615 

0.575 

0.460 

0.357 

0.238 

0.122 

0.088 

0.01 4 

nominal" 

0.82 

0 80 

0.82 

0.82 

0 84 

0.86 

0.85 

0.85 

o.ea 
0.82 

0.80 

0.82 

0.82 

0.84 

0.86 

0.85 

0.85 

0.88 

Re- 
sponse 

0.89 

0.86 

0.75 

0.725 

0.5 1 

3.29 

0.1 98 

0.082 

0.022 

0.885 

0.77 

0.70 

0.56 

0.425 

0.28 

0.145 

0.104 

0.016 

- 
4-:!1: 

0.076 

0.292 

0.650 

i.19 

2.70 

4.75 

7.30 

10.5 

18.7 

0.057 

0.246 

0.450 

1 .oo 
1.88 

3.24 

6.20 

7.35 

15.8 

X (TV  LINES1 
2 IO' 4 

loo&--- 

Fig. 111-1 9. Plot of modulation ttonsfer fuwtion 
(relative response vs sine-wave 

wavelength) 
T I C  plot is  such that a Gaussian point-spread function would give a 
sf aighl line. 

Hating determined P suitable point-spread frinction 
for thr  mwall optical :.?stern. it is possible to c-orrcct thv 
pictures for t h c  cffty+s of this function. Lvt R (k. I, b r .  
tl ir Fourivr transforni ,, TT of thr po in t - sprd  fiinction, 
and Ict M (x'. !/'I be tht. iin.crw FT of 1 R. Thcn thv cor- 
rected intensity I. (x.y) i s  Civrn hy the convolution 
intcyrnl 

In practice, t h r  corrrction for falloff of the sincB-\va\.r 
r:.sponsc nirist Iw carried out x i t h  car(' to avoid spurio~is 
offects due to the finitc. accuracy of thr digital intrnsih 
field and of thr point-sprrac? function itsrlf. If carried too 
far, thr correction process may result in a grainy picture 
doniinatcd by tlic point-to-point D S  fluctuations. I t  ~vaq 
found that if the  slior:-wavc.lrngth Fotirirr trrnis wrrr 
tii,iltiplic-d hy a factor as grrnt as 5,  the corrrcted picture 
containcd an ohjcctional,ltn amount of grainincx. A nimi- 
mum corrwtion of a factor of 3 \KIF ~idoptrtl, sinw this 
I d  to a ~ i g i i i f i c : ~ ~ ~  s l iarpmi iq  of fin(, tlot;iil \vi!l:.>iit tindtic. 
Uaininess. 
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( a )  PICTURES 1 A N D  2 

( e )  PICTURES 9 AND IO 



c 

L. 

( b )  PICTURES 3 AND 4 

E 

UUllrY- 

( f ) PICTURES II AN0 12 

( c )  PICTURES 5 AN 

( g )  PICTURES 13 AP 



TURES 5 A N D  6 

n 
i,,,--- 
TURES 13 A N D  14 

b 

( d )  PICTURES 7 A N D  8 

Fig. 111-20. Color intensity ratio pictures of overlap 
areas of Pictures 1-14 

The intensity ra?io p c , / p i ,  WOI evoluo?ed a? coch picture point and 
ver?ed in?o a n  inleger in ?he range 0-63. The "polarity" i s  ruth 
greener areas appear ligh?er in tone. 



PRECEDING PAGE BLANK NOT FILMED. 

Table 111-9. Relative displacements of 
overlapping pictures 

Fixud picture Displormncnt 
Displaced picture A €  

1 1 2  

3 :4 

516 

7 i 8  

9 / 1 0  

l I , , l Z  

13/14  

~ 64 8 2  

-70 91 

84 1 1 1  

95 118 

- 9 8  122  

iOc) 1 2 5  

~ 96 112  

Picturtbs 3. 1 s h v  \TI?. littlv cnlor \miation. Pic- 
t tircss .j. 6 slion~ sonie \wintion, pnrticiilarly in tiicu cmtcrn 
portion. Pictiirrs 7. ,9 s w n i  lichtcr (qrccmrr) and sliou. 
some intvresting apparrnt color tlrtail around the rim 
of tht. prominmt crater ;it P7 L7.t ElX'. Thc cffrct. 
nlthniicli small. i v  well oiitsidr tlic rms vrror !imits tlis- 
ciisscul clsrSn.lit*rc. in tliis cliapt('r. Sticli ;in a1qw;ir;iiit'v 
could rcwlt from incorrwt rryistration of tlic. trim pic- 
tures. ant1 upon curtsfiilly chcckiny! t l i c h  d(,t:iilt~c! intrnsit!. 
Iwofilrs across this nrra. it was foiintl that thr adnptrtl 
a:-cIr;ige displnccmrnt for this pictiirc. pair \~.ns in error 
h!, nne picture elcmcnt in  this rc.pion. an iimoiint siifficicwt 
to prod i iw t h v  nlvcm,cd e .ff t bet. 

Pirtiirm 9, 10 \win tci \ I I O U ~  wine colo~ \ariation, h i t  
clocr inspection of the pictiires tliemsrl\w rrvcals that 
this is at I(.ast pirtly tliic. to rvsitliial 1i;irnionic noiw 
prrtrnt in Pictiirr q. Snmr nf t h r  shading in'i\- htn dtir. 

to rcnl color variation$. l iovnvr .  

Pictiirr5 11.  12 r m w l  littlv rlrtnilctl color \.ariation. 
Imt the lichtrr appcwancr of this pictiire indicates an 
mm-all crccnrr color for this ;irrn. 
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Appendix A 

The Spacecraft* 

6. Solar Panels 

C. Boost Dampers 

D. Panel Deployment Area 
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LOW-GAIN ANTENNA- 

\ 

--HIGH-GAIN ANTENNA 

IONIZATION CHAMBER 

COSMIC 
DUST DETECTOR 

+ YAW 

SUN SENSOR 

-x /--- 
BAY II POST- ;NJECTION 

ENCODER AND PROPULSION SYSTEM 
COMMAND 3CIENTIFIC EQUIPMENT AND 

DATA AUTOMATION SYSTEM 
.-ROLL / AND YAW 

GAS JETS 

Fig. A-1 . Mariner Mors 1964 spocecraft: top view 

LOW -GAIN 
ANTENNA WAVEGUIDE 

MAGNETOMETER /- SENSOR SOLAR 

SOLAR PANEL DAMPER 

PITCH GAS JETS 

ENSOR (SECONDARY) 

ELEVlS lON CAMERA 

Fig. A-2. Mariner Mars 1964 spacecraft: bottom view 
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( a )  POTTOM VIEW 

.. 
+ Y  ;; 

E 

Fig. A-3. Spacecraft mechanical configuration: 
top and bottom views 
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E. Science Platform and Actuator VlCW LOOKING FROM 
SLY AT AhlTENNk 
SIDE OF OCTAGON 

-YAW - r  A X I S  

CANWUS StNSOR 

JET AY (tl cw (FAR S P T  
i-) ccw (YEAR %DE)- 

JET BY cw fNEAR S I X )  [ 
(-1 c w  (FAR SIDE) 

b- \ %L7-- 
-'-I 

'--PITCH + A  AXIS 
K d  

L P r T D !  -X  AXIS 

'-JET BZ (+) CY E- AZ (-' ccw 

BX (+) cw 
ccw (FAR 

IMAR 
SIDE' 

9M 

Fig. A-6. Attitude control gas jet configuration 
111. System Configuration 

C. Central Computer and Sequencer (CCCLSI 
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Frinct ion 

H. Power 

I. Science 
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50 4-sec RT 'RAME L 
AT 8 - i ' 3  bPS 

I 

F:::: .1 CQUISE DATA[ 1 I \  % 

REAL-- IME 
LATA , - 

ENCOUYTER I 
DATA --C 280 btrs I 

Fig. A-8. Data automation system encounter timing 

SHUTTESS 

YLrQ 'W-AhlGLE M A W  GATE 
23789 drq 

TEL €VISION CAMFRA 

TELEVISION \ y S C A Y  PI G T T W  
AT ENCOUhiTEP 

-AMERA \ , 23003 deg 

Fig. A-10. Planetary scan platfam relative look 
angles, shown with platform in pinned position 

NARROW-ANGL' MARS GATE AND 109 - ' 
PLANE- ' * I - - \  'EA,?Q DC-16 EVENT 
AND 3AS NARROW-ANGLE SENS39 
EVENT 

144 sec 60 sec 
k -1- 

T 

4 + 3 6 s t c  

.... .:..:.: .. 
....'. : .': .'. .... ......... 

... .... .... .... .... ...... .... .... .... .... 

-d ~2 ' L.1 I /  ' 
START TAPE 

, !  I 

BUFFER 
DPERATI NG 

STOP TAPE EVENTS 
24 I2 sec AFTER SHUTTE' 

2 4  !2 sec 
H 

N A R P O ~ A N G L E  L SHUTTER OF 
FISST RECOQDED A( "JISITION 
PICTURE 

96 sec I94 4 sec 
CIRST PEAL- IME DAS INDICATORS OF NARROW-ANGLE ' 

MARS SATE, T V  PLANET-IN-VIEW AND/OR INHIBIT 

CI 6 2  4 sec ?CAN 
FIRST REAL-TIME 

DAS NAQROW- 
ANGLE 
:,CrlUISITION 

-p ..... ........ 
....... 

PICTURE 
2 

IYD'CATION REAL-TIME INDICATION 
ClF FIRST START TAPE 

Fig. A-9. Data automation system non-real-time sequencing at narrow-angle acquisition 
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START TAPE COMMAND 
START T V  DATA 

RECOi7DlNG PICTURE 
STOP TAPE COMMAND 
LVD-OF-TAPE M'?TION 

48 

4 A 3 6 s e c  

( 0 1  TIMING SEOUENCE OF RECORDING 

FIRST END OF TAPE- SECOND END OF TAPE 

SCAN PI)EPOSITIONED 
(I RANGE CWER WHICH 

TERYINATOR CAY FALL 

TRACK 1 - 
L -- TRACK 2 

I b )  VIDEO TAPE AFTER A NORMAL RECORD SEOlJFJCE 

Fig. A-1 1. Video recording timing qequence 
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POST- ENCOUNTER \ TRAJECTOPY 

0 

PR E - EN CO U N T E R 
TR A J EC TORY r 

Fig. A-1 2. Pre- ond postencounter trajectory, ecliotic view 
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CANOPUS l- OC C U LTATl On! 
CONTOUR 1 \ \  

IMPACT CIRCLE \\ 
MARS SURFACE - 

A PRIOR/ POST- 
MIDCOURSE 
DISPERSION 
ELLIPSE (95%) 

\ \  \ -AIMING POINT 

~ . _....: ....._.. . ;;:.;:.:..-Jjj .. ... .. *...... .... .. . ... . .* Y : ::>>;.7- 

EARTH 
OCC ULTAT 

SUN OCCULTATION CONTOUR 1 

1st POST-MIDCOURSE ORBIT 

2nd POST-MIDCOURSE ORBIT 

3rd POST-MIDCOURSE ORBIT 

4th POST-MIDCOURSE ORBIT 
AIMING REGICV 

Fig. A-13. Aiming zones: (a) aiming point diagrarn,(b) trajectories at Mars 

'ION 

76 JPL TECYNlCAL R€PORT 32-884 



rMARS 
B. k r n  = 

12,011 /= 14,400 

E PRE-MIDCOURSE, NOMINAL 

\- WE-ENCOUNTES. NOMINAL 

k- POST-ENCOUNTER, ACTUAL 

Fig. A-1 4. Near-Mars trajectory pararnerers 

JPL TECHNlC4L REPORT 32-884 

- ~ - - 

7 

77 



PRECEDING FACE BLANK NOT FILMED. 

Appendix B 

Television Camera Subsystem 

Fig. B-1. Television camera head 
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A. Vidican Tube 

4 
4 

I 2 3 
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u c  'J Z 5 A ?  

A 

hAC3 3 6 A 2  TI32 a 

C -.-- ;rl 
MC 3 36A7 SHUT ' F R  

Fig. 8-7. Sir views of TV camera head subassembly 



cAC ED - A T  E 

CONDUCTIVE COATING ELECTRON ODTIC : SECTION 

ELECTRON E T t  U- - 
PHOTO CON DUCTOR - _ - - - -  

-- 
S I G N A L  E L E C T R O D E  

Fig. 6-8. Vidicon faceplate 

( a )  TYPE 1351-8 

(b) TYPE 1343-010 

Fig. B-9. Vidictm, mechanical construction 
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TELESCOPE 
MOUYTING 7, 

TEFLCN \w 
SEARING 

\ 

-CENTERIVG 
SPRIYG 

n 

-CHASSIS 
STRUCTURE 

\-RADIAL VIBRATION , FOAM DAMPER 
-SOCKET 

I 

Ill1 I I I I  lo) 

'-VIOIC9N 

AX1 ?L 
TEFLON / LOADING 

BEARING SPQING -- 
SUF. ACE - 

Fig. 6-10. Flexible mounting of vidicon in camera head 
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VII. Video Channel 
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Fig. 8-1 1 .  Television camera electronics 
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I.X. Power Supply 
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st;itr* 
00 
io 
0 1 
11 

Table B-1 Mars spectral illuminance data 

Wavelength, nm 

439 

4c 

50 

60 

70 

80 

' 5  

300 

IO 
I C  

30 
40 

50 

60 

70 

80 

90 
600 

IO 
2') 

30 

40 

50 

6C 

f 1 \ 1  If5501 

0 570 

- 

n :75 

0 580 

0 585 

0 59: 

0515 

0 640 

0 685 

0 745 

0 800 

0 665 

0 930 

1 000 
1080 

1 1 5 5  

1230 

1310  

1390 

1465 

1 5 2 5  

1565 

1 5 9 0  

1 6 1 C  

1620 
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160 

OUTPUT OF VIDICON HELD COMSTANT 
FOH 'IAFYING LGHT IKF'J? 

TARGET VOl.TAGE - 7  V 
140 REAM CURRENT 1 7 5 ~ ~  

SATURAWN LEVEL TV 
oo,  OUTPUT LEVEL 120mV 

I O O X  OU PUT 0105 +V 
I SLIT WIDTH 0 5  mm I64 %/mm) 

d 

I 
40 L 

CURVE IS NOT LORRECTED FOR 
VARlb"0NS I N  FILTER TRANSMISSION 
TiiARACTERISTICS 

?'jp-- -i- -4 

100 4 5 0  500 550 600 650 7C3 

V4AVELEFIGTH. nonometer 

0 

Fig. 8-12. Mariner IV vidicop spectral response 

~- 
O h T -  450 500 550 6@3 650 

WAVF L EN tiTH, nanometer 

Fig. 8-13 Mars illuminanc turve 

120 
OG-3, 4 mm 

RED CILTER s 
J TRANSMITTANCE - \r- Lo 

4 50 300 550 600 650 

WAVELENGTH. nonometar 

Fig. 8-14. Wditon response through red 
and green filters 
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Fig. 8-15. High contrast sine-wave test slides 
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2 
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0 
Y a 
w c 
P 
Y 
U 
W a 

I 

6 75 Hz BASED ON 14 4 rns SCAN TIME 

I 

I 

I 
I 

FREQUENCY RESPONSE OF T V  CAMERA USING 

1 I O  I CONTRAST SINE .JVAVE CHARTS -~ 

W / 8 3 %  NEUTRAL CENSITY FILTER 

10-2 2 

I 

SPAT,AL FREOUEhCY. C ~ C I E S  / l ine 

4 6 10-1 2 4 f i  
70 
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50 

40 

I 
I HORIZONTAL 1 

Fig. 8-17. Horizontal and vert’:ol frequency r -rponse curves 
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Appendix C 

Flight Sequence and Performance 
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Table C-1. Encounter events from DAS time (GMTI 

Event 

- 
lu:y 14, 1965 

DC-25 (turn on 
plonet science) 

MT-7 [encounter 
power turn-on) 

DC-24 (inhibit scon 

search) 

DC-3 IDoIa Mode 3) 

Wide-angle 
acquisition 

luly 15, 1965 

Norrow-angle scan 

Norrow-angle 
acquisition 

First start tope 

Shutter 1 

Shutter 2 

Shutter 3 

SC. Iter 4 

-,.st €01' Event 

I Sh,dter5 

Snutter C 

DC.16 (norrow-angle 

ccquirition) 

Shutter 7 

Shut(-r 8 

Shutt 'r 9 

Second €01' Event 

Initiate 

4 27 55 

7 10 18 

2.10 29 

'0 1 '  57 

Spacecraft 

14:4@:32.8 

15:41.48.9 

17:22.55 

22:23:07 

23:4200.3 

00:16:50.1 

00: l7:21.1 

00:18:29.6 

00:18:33.1 

io:19:21.1 

00:2C:57.1 

00:2i:45.i 

00: 22:33.: 

00:?3:21 . I  

OO:24:09.1 

30: 2436 

x):25:45.1 

IO 26:33.1 

)0:28:09.1 

10:28:23.1 

Verify 

14:52:32.3 

1553 :48.6 

17:34: 55 

22:35008 

23:54 01.6 

00:28 :5 1.5 

00:29:22.5 

00:30:3 1 

00:30:34.5 

0031 :22.5 

00:37 :58.5 

00:33:46.5 

00: 34 -3 1.7 

00:35:22.5 

OO:36: 10.5 

')0:36:37 

M)-37:46.5 

M):38:34.5 

90:40:10.5 

00:*0:24.5 

Uncertainty. 
SOL 

-0.1 1.0 

- 0.3 

-0.1 - 1.0 

0.1 a 1.0 

- 10.8 

-- 12.6 

-0.1 

0.1 

- 0.1 

- 0.1 

-0.1 

I O . 1  

t 25.2 

r o . 1  

-0.1 

0.1 -- 1.c 

z 0.1 

70.1 

ro .1  

2 25.2 

Event Initiate 

Shutter 11 

Third EOT' Event 

Shutter 12 

Shutter 13 

Shutter 14 

Shutter 15 

Shutter 16 

Shutter 17 

Shutter 18 

Shutter 19 

Shutter 20 

End NAMGA" 

Shutter 21 

Shutter 22 

Last stop tape 

Switch to Mode 2 

DC-26 (turn off 
plonet science) 

DC-2 (No. I )  

Telemetry lost 

Enter occultation 

Exit occultation 

MT-8 (encounter 
power turn-off) 

MT-9 (-+art playbock 
sequeoce) 

GO 

00:32:4C 

Spacecraft 

00:28:57.1 

00:30:33.1 

00:30:54.3 

0031:21.1 

OO:32:57.1 

00:33:45.1 

OO:35:2 1.1 

00:36:09.1 

00:37:45.1 

0@38:33.1 

00:40:09.1 

0@:43:57.1 

00:42.14.7 

00:42:33.1 

00:43 :2 1.1 

00:43:45.1 

00:43:45.1 

00:44:21.5 

00451 9.6 

02: 18~44 

02:19:11 

03:13:04 

05:01:49 

1 1 :4 1 :49.8 

Verify 

30:40-58.5 

DP:42:34.5 

DO:42 :55.7 

00:43:22.5 

00:44:58.6 

00:45:46.6 

00:47:22.6 

00:48: 10.6 

00:49:46.6 

00:50:34.6 

0032: 10.6 

OC332358.6 

00:54: 15.2 

03:54:34.6 

00.55:22.6 

OO:55:46.6 

00:55:46.6 

00:56:23.0 

00:57:21 . I  

0~30:45.e 

Q2:31 :I  2 

33:25:06 

151 3 :52 

11:53:53.3 

-- 

Jncertainty, 
scc 

* 0.1 

- 0.1 

: 25.7 

* 0.1 

-- 0.1 

r 0.1 

T O . 1  

-. 0.1 

-0.1 

r O . l  

70.1 

' 0.1 

2 25.2 

'0.1 

-0.1 

-0.1 

r 0.2 

-9.1 - 0.2 

- 0.3 
7 1.0 

z 0.3 

4 0.; 

rvtiini t o  \Iodc. 2 intlicatcd the correct Iirirnber of event 
recistcsr climigcbs for &I nominal rcvxrding scqiiencc. 

:\ftvr tht .  planetary encountrr, investigation shott-etl 
that the Jluriiwr IS' spacecraft (IIC-3) hntl shoa-n a 
tc.ntl(mc.y toward spurioiis end-of-tapc tivents in the 
Slotlc. 3 scicmcr. data although the prt*viotis occiirrences 
hntl hcvm asstwii1tctl with sonir groiincl action such as 
Iioost m o( IC in 11 ib it off or ria rro IC-(I 11 :le J la rs Cafe stimirlrrs 
o r z  off. This  thv t\vo anomalous rnd-of-tapt= events could 
havr Iwcm triggcwd I)y noiw in thr. systmi, or by some 
normnl transivnt in thr television scqurncing. 

That t l ic  rc.ccirdin< wqiicnw \vas, in fact, nontial 
tlirorlgliorit \vas \~rificd dtiring thta p l ay lxd  0; the stored 
clat,t. All  of thv pcxtulatcd failurcs would have rrsultetl 
in lrw than 21 pictiirc,s, while only the normal sequence 

n.onltl l i a r  ykided the 5! pictures plus 21 lines of the 
2 n d  picture which were found to he present on the tap<'. 

T!ie I X - 2 6  command (all ,vcirncc off) was observed in 
the tclemetry data on July 15, 19E, 00:56:83.(! G.\IT, and 
SPAC confirmed all zeros science data. The fi'st DC-2 
commancl (crrrisc science on) ,tollowed at 00:57:20 CYIT. 
After confinning that crriise science w a s  on and appeared 
normal, the DSIF was requested to cease the transmission 
of DC-2 commands. Evrnt rrgistrr c h a n p  confinning 
thc reception of the reml1inin.q five DC-2 commands b y  
the spawcraft n w c '  sithsequcntly recc+d at thc esprctetl 
timrs. Fnrthrr analysis of tlic tc~lr.mc.tr!~ inclicatcd that all 
rmgineering ;lnd scivncc, suhs!,stc-nis \verr performing as 
lwforr cncountrr, and that the spacccraft had h e n  rr- 
turned to A normal cniisc stat(,. The rwnaining cncoiintcr 
evcmt, MT-Y. occrirrv,! srvrral hoiirs latcr. appearing in 
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It. Television Subsystem Performance 

I2 

0.8 

04 

I I  
- MEASURED 
-- CALCULATED 

~i \ 
ii \ 

Fig. C-1. Measrrred and calculated scan 
subsystem Y-axis output 
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Table C-2. Scan subsystem performance 

Function 

I .  Average scan time 

per cycle, set 

2. Desired plotform 
inhibit positim, 

deq 

3. ACIUOI platform 
inhibit position. 

deg 

4. Calibration 
signal. V 

5. Tronsformer- 
rectifier, V 

6. Sensor tempera. 
ture,"C 

7. Actuator pressure, 
psi0 

8. Y-oxis outpul wilh 

no input, V 

9. Number of search 
cycles performed 

Prelaunch or 

predicted value 

717.0 

0.999 

4.896 

- 10"Cfor 
encounter 

operatior, 

30 

3.364 

Data readout 
during science 

cover 
deploymenl 

71 2.0 

177.19 

177.94 

0.998 

4.896 

-- 3.0 

30 

3.064 

10 

Data readout 
during Mars 

encounter 

713.4 

179.10 

170.45 

0.998 

4.896 

~ 8.5 

25 

3 076 

14 

Frnnich -tZ (lata intlicnted a -,itlvo IevcI o w r  2 1'. 
Franic -In data (start of Pichircb I )  slioi\~ctl that the tck- 
\.ision (;I voltage had cliangtd ahrriptly. iiitlicating that 
t l i c b  trlrivision siihsysteni had s\vitchrtl nut of the plio- 
toinrtrr mode nntl tli;it the inhihit \vas rc~leasrcl frnm tlic. 
gaiv control compiitcr. T l i v  g i i n  coiiil)iiter re1n:tinctl in  
thr minirnuni state 1wc:iiisc. thc \itleo I t ~ \ ~ l  wis suffi- 
cirntly grvnt. I-Io\vc~ver, tlic t d c o  signal nas not suf- 
ficicmt to C J ~ W  a switch to tlit, fast shuttcr spcctl of 
SO niscc. For thr rrmainder of the recording srqiiencr 
tlw C.1 voltngc~ i n  t h r  norrnal m o t l c ~  w i s  46.4 +0.2 Vtlc. 
itlcntical to the prelaunch \ d i i t . .  

Trlcvisinn data remained unchanged, escrpt for filter 
color altcrnation, iintil Framc, 59 (grecm filtrr), \\.hen a 
\,ideo si,gnn;il lcvr*l lrss than 2 \' was indicated. The tclr- 
vision subsystem ..vas tlcsigncd sn that tlic p i n  worlitl 
rhangv after a grew fi1tr.r pictiirc 14a\.ing less than 2 1- 
of \.itlco signal. Framc. 60 shcnvcd niorv than 2, \' of vidw 
signal. hiit the gain \vas r~ncliangetl. Analysis sho\vcd 
that the sarnpling had occrlrred chiring thr blanked out 
first 6 lines of the t&lvision pictarc,. This condition oc- 
ciirrotl sc.vcral timrs during systcwi tmtiiig antl \vas not 
cnnsidrrctl a pro1)lcm or anomaly. 

Tlic, \ i l co  signal decrt~asctl bc.lo\v 2 \' in  Frame 67. 
Thv gain rc.main,-d at it.; minimiim setting (00) until 
Frame 63, when it incronwd one levc.1 (to 01). Thv gain 
incrr;iscd again in Frame 70 (to 10) and switchd to 
mnximiim ( I  1). Thr  spcictwaft svitclirtl to 3lodr 2 (lata 
lwforc Frame 7'3 data was rc.cc.ivcd. 

Thr pictures rect.i\.ctl during pInyI,ack antl tclemcJtry 
during cncountcr hoth indicated that tlw tclcvision st i l i -  

systcvn opcmtion w i s  csevllcwt. The dectronic focus, res- 
olution, gray-sciile r d i t i o n ,  and scnsiti\ity sccwwd as 
good as liefore Iarinch. 
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PRECEDING PACE BLANK NOT FILMED. 

Appendix D 

Design of the Television Experiment 
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G. Selection of Camera Parameters 
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210 

Fig. D-1. Engineering constraints for July 15 arrival; aiming point defined hy vector b and angle / I  
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240° 2700 

Fig. 0-2. Typical television value contom for July 15 arrival 
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II. Picture Locatic s 
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Fig. D - 3 .  Picture locotions 
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Table D-1. Preliminary values of parameters 
influenci- g picture locations 

-- 
Parameter 

b 

-~ 

H 

T,  

R 11 

C 
K t  

F 

d 

r 

P" 

I" 
I" 

P 

Y 

r 

Ztandard value 

15.251 km 

57.74 d e g  

01 03 57 

3380 km 

120 1 deq 

178 45 deq 

30 85 cm 

2 45 rnm 

0 deq 

0 

0 

0 
. E 3 millirad 

- 8 3 rntllgrad 

- 4 4 rnillirod 

Error I1  nl 

I7 km 

0 08 deq 

10 sec 

30 km 

0.1 deq 

0 . 7  deg  

0 2 r m  

001 rnm 

2 deg  

0.002 rad 

0.002 rad 

0.002 rad 

I 
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I 

I 

i OBSERVED -4. 

1 I 
I 

- - I 7 CENTER I I 
CENTER I 

I 
I 

I 
I 

I I 
I I 
I I 
I I 

Fig. D-4. Overlapping frames showing the shift of the 
center of the later picture away from its computed 

[predicted) location because of spacecrdt 
rotation within the attitude control 

!imits (see Fig. D-9 for scale) 

A A 
9- IO 11-12 

A/C UNIT (rnillirad) 
VECTORS 

13-14 Y 15.-16 --I 

Fig. D-5. Vectors showing the shifts between 
overlapping pictures due to spacecraft 

rotation, compared with the shifts 
that would result from 1 millirad 

rotation about each tixis 

reyx~ct to t h e .  coordinatr*s of i h t .  corrcBsl)ontling oc!tl- 
niinil)cwd picture. E ~ c h  vcctor is thercforr. ;I mwsut c' of 
the rotation riltcs of the spncecraft during the -IS-sec iritcr- 
\ X I  lwt:vc>cm tymsiires. .ll:crnatc* frnmc*-pairs (c.fi.. Frarnes 
X and 9) did not o\,c.rl;ip lwcaiisr of 'lie 4% 3fi- 48- 96-src 
pictiire-recording schcmc. Consciqtimtly, it v x s  not possi- 
ble to plot ;I continuoiis histoy of spncvcr. 't rotation dur- 
ing t~ncoitritc~ from pictiire infonnation nlonr. 
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Pitch. !.a\\.. ;ind roll plots, intiicating tlw attititdr nidion 
for s c . \ - c d  d;iys prioi to cmcoitntrr, ww then examined. 
it \vas ol)wn.cd that the pitch motion was tlie most reg- 

iilar of  t l tr .  tltrc*(-. Tlw itccvl(~riiiioii ilt pitch rlric. to solur 
prrssrtrc and gas jct  1r;tk;ig:c~ \viis 1TiiIcli grcs;itc*r tlinri for 
!x\v iintl roll, s o  tliat tltv pitch svnsor asis schltloin crossc4 
tliv tlcatlhantl. Instcml. the. acccbleriiting forccs trntlctl to 
tlrivr tliv spacecraft toward thr twgativr side of tliv pitch 
dcitd lx~nd,  whc.rc3 it \vould “boiincch” off ;IS t l i r  giis jet 
\viis ;ictivatc.tl ( S ~ T  IT;&. D-6); it \voitltl t1ir.n rcturn to thr* 
saiiir sick witliortt tvcr rt.acliing t b  positi\.v sitlv. Tlw 
pitch “loops” typically nltcmiatetl from large to small, as 
sho\vn in  Fig. D-6, hut the. ratio of the sizc of the large 
loop to that of the ensuing small loop vnrictl considerahly. 
Onc problcm \\it11 tlw attempt to extrapolate the post- 
encortntcr pitch curve hack\vard \\?as that the loop size 
(arnplitritlc) changed drastically just after the rrsurnption 
of dttitude data transmission. Ho\vc\v. it was disco\vcd 

I 

8.5 I-! I 

-~ 

I I 
01 00 01 30 32 00 02 30 

PICTURE I PICTIJRE 22 
GMT 

Fig. D-6. Postencounter cttitude control data showing spacecraft motion witbin pitch, yaw, and roll deadbands 
after resumption of attitude information transmission at  about 00:59 

The broken-line curve represents interpolated pitch data through the television encounter period, 
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A / C  ;INIT (millirad) V E C T O R S  

P r 
P I T C H  V E C T O R S  O B T A I N E D  FR9M 

INTERPOLATED A,% DATA C U R V E S  

Fig. D-7. Resolution of picture translations into vector components representing spacecraft rotation 
rates in pitch, yaw, and roll 
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F 1 

0 

03 LI 

2- 0 
0 c 
t- 
0 
U 

a 

83 

- 4  a 

0 

4.4 n 
- 

PITCH 

T - 6  T-12 T-19 r-I T-22 
I I I I I 1 I I 

GO 20 00,30 00:40 00.50 01: 00 01' 1') 01-20 

GMT 

Fig. D-8.  Interpolated pitch curve and extrapolated yaw and roll rzrves through the 'elevision encounfer period 
The vertical lines repretent the times of television exposures. 

campiitctl l imh position in thr ri&t place i n  that  picturtv. 

The p i t ch ,  yn\v. m d  roll &ita thris deri\ccl \ v ( w  iisrd to 
cornpiitch a11 ttie pictiirc. lo 3 ion.:. 

-- 
b 

B 

r. I 

R 11 

C ,  

K t  

F 

d 

R 

Pitch null 
offset 

Yaw null 
offset 

Roll null 
offset 

roble D-2. Final parameter valuer 

15,251 k m  

57.74 deg 

01 :00:57 

3380 krn 

120.13 deg 

178.32 deg 

30.85 cm 

2.45 m m  

3.1 deg clockwise 

0 

0 

0 
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Table D-3. Attitude control data, interpolated pitch 
and extrapolated yaw and roll values -- 

Pitture 

1 
2 

3 
4 

5 
6 

7 
a 
9 

10 

1 1  
17 

13 
1 4  

15 
16 

17 
18 

I9 
20 

21 
22 

-- 
Pitch. 

millirad 

- 1.33 
- 1.20 

- 1.00 
- 0.95 

- 0.95 
- 1.00 

1.20 
~ 1.35 

~ 1.75 
- 2.00 

2.75 
-3 .15  

4.15 
- 4.70 

- 6.05 
- 6 9 0  

- 8 40 
- 8.05 

7.50 
- 7.33 

7.05 
- 7.00 

~- 

- 

Yaw, 
millirad 

5 W  
6.25 

7.00 
-7.40 

8.10 
-7.40 

3 95 
2.25 

1.25 
3.05 

6.45 
8.20 

7.60 
7.25 

6.55 
6.20 

5.50 
5.10 

4.40 
4.05 

3.35 
5.30 

-___ 

Rc'q 
mit,: ~ I 

0.35 
0.35 

1.75 
2.50 

3.95 
~ 3.85 

2 os 
1.15 

0.60 
1 .A5 

3 1 5  
4.20 

3 30 
2.75 

1.60 
1 .oo 

~ 0 1 5  
0 70 

1 8 5  
2.45 

3.60 I ~ 4.20 

__ 

C- LINE NUMBER 
-_ 

BLACK MASK AREA 

- r3,11 7 - 4  5 1  

+2 6 -I 

Fig. D-9. Picture format, as seen projected toward the 
planet, with numbers desigmting the fiducial 

mark locations for which phitographic 
data have been corn p u te ci 
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175.04 
172.73 
175.54 
178.06 
177.35 
176.71 
174.51 
172.22 
172.59 
172.73 

16.223 - 
16,836 64 1.6 
16.613 259.8 
16,461 200.4 
16.120 365.2 
15.870 280.6 
15.953 151.0 
16,054 162.3 
16.354 326.1 
16.035 501 .o 

6 
7 
8 
9 

10 
11 

23.26 
18.54 
20.04 
21.77 
27.20 
35.77 

Table D-4. Picture locations and related data 

Picture 1 

GMT. 0:18:33: Fil?cr. omnqc: La?, -32.96 dcg; Lon. 177.79 drg: AI?, 14,496 km I 
Zeni?h onglm of -1 Ln, dag I Range, 1 5ur dir?, 

Lt.  deg I km km P? 

+7* - 2 
3 
4 

5 
6 
7 
8 
9 

10 
I I  

- 
- 
- 
33.06 
25.90 
28.15 
3 1.02 

- 
- 
- 

175.84 
175.i8 
172.80 
170.08 

- 
- 
- 

16,791 
16.388 
16,521 
16.696 

- 
- 
- 
- 

423.5 
186.@ 
219.2 

Picture 2 

Phase, 
dcg 

60.1 
60.6 
60.6 
60.6 
60.1 
59.7 
59.7 
59.7 
60.2 
60.6 

P? 1 Lt, dcg Spocccrof! 
de9 

60.9 
80.3 
76.2 
73.4 
66.8 
61.7 
63.4 
65.5 
71.4 
80.3 

:un, 
d q  

18.0 
26.2 
21.9 
18.5 
15.2 
14.2 
16.5 
19.1 
21.0 
26.2 

Picture 3 

1 - -- 
GMT, 0:20:S7; Filter. green: Lo?, - 34.52 dcg: Lon, 178.24 dcg; Al?, 14.0 C r n  

P? 
1 Ra;;c, I Sur dist. 

km Ln. deg 

mgle of 

Spocccrof? 
d.9 

55.6 
61.2 
59.8 
50.6 
54.5 
50.8 
51.9 
53.2 
56.9 
61.2 

Zeni?h 

13 0 

60.6 11.9 
60.6 10.0 
60.1 11.6 
59.7 13.7 
50.7 14.9 
59.7 16.2 
60.2 14.7 
60.6 13.9 

Lt, deg 

1 I.8P 
16.95 
15.60 
14.49 
10.88 
7.64 
8.58 
9.61 

13.01 
16.85 

- 
304.8 
139.7 
133.8 
216.2 
194.4 
127.4 
131.2 
202.8 
220.7 -- 

2 
3 
4 

5 
6 
7 
8 
9 

10 
' I' 

-179.51 1 i,424 

179.21 15.993 
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Table 0-4 (contd) 

Picture 4 

GMT. 0:21:45, Filter, oronge: La?. -35.05 deg; Lon, 178.41 deg: Ah, 13 ,900 km 

Ronge. 
km 

Zeni?h angle of 

k m  
P? L?, deg Ln. deg 

179 07 
177 68 
179 66 
178 38 
179 0'3 

179.59 
178 5: 
176 57 

177.12 
17768 

Spocecrofl 
deg 

50 6 
55.3 
54.3 
53 4 

49 7 
46 A 
47.2 
4 6  3 
51.7 
55 3 

2 
3 
4 

5 
6 
7 
8 
9 

10 
I 1  -- 

ld .976  
15,132 
I 5.086 
15.048 
14.002 
14.774 
14,806 
14.845 
14.979 
15.132 

- 
259 0 
1 2 8  7 

125 3 
!73 0 
188 6 
I21 6 
124 I 
178.5 
194 8 -- 

6 0 2  
60.6 
60.6 
60.6 
60.1 
59.7 
59.7 
59.7 
60.2 
60.6 

14.1 

I 3  3 
I 1  9 

10.7 
13 2 
15 8 
16 5 
17.3 
15.2 
13.3 

6.86 
1 1  03 
10.05 
9.17 
3.15 
5.04 
3.03 
4.80 
7.77 
11.03 

Piclure S 

I GMT, 0:23:21; Filter, oronge; Lot ~ 36.14 deg; Lon. 178.78 deg: AI?, 13.61 1 krn 

11, rleg Ln. deg I Ronge, 
t m  

Phose. tenit). angle of 
Sur dii?. 

krn Spacecraft 
de9 

42.1 
45.9 
45.2 
4 4  7 
41.6 

38 7 
39.2 
30 0 

42.8 
45.9 

7 60 7 

60 6 16 6 
60 6 16 4 
60 2 10 0 
59 7 21.4 
59 7 21 6 
59 8 2 1  9 

63 2 10 5 
60 7 17 0 

14,332 
'4.463 

14,430 
14,222 
14.316 
14,221 
14,237 
14,258 
14.355 
14.463 

- 
208.2 
117.2 

115.9 
155 
147 6 
114.0 
115.1 
149 1 
157.7 

- - 1 75 ~ 178.47 
1 $8 - 779.79 
081  -177.92 
0.20 ~ 176.06 

-2.38 - 176.61 
4.82 - 177.15 

- 4 . 2 a  --179.33 
3 61 170.15 

~ 1.13 179.67 
1.48 179.79 

Picture 6 

i L?. deg 

Zeni?h angle of 
Rang., Sur dirt, 

km krn 

14.043 - 

74.171 191 75 
1 4 . i 5 5  113.57 
i4.145 11278 
1J.054 l445t 
I ?  972 138 21 
13,QRl 111.33 
13.995 1 1  2.00 
14,078 138 98 
14,171 1 4 5  49 

Phose. 
de9 

Ln. deg 

177 14 

I78 46 
- 176 62 
174 78 
175 30 
175 82 
177 46 
17-7 LQ 

~ 178 08 
- I78 46 

60 2 
60.6 
60.6 
6C.6 
t 3  1 
59.7 
59 7 
59.7 
60.2 
60.6 

2 

t 
7 - 8 6 3  
8 - 8 13 
9 

10 -5.27 
1 1  - 2.86 -- 

19 0 A I  1 
19 9 40 8 
22 3 37 9 
24.7 

20 0 41 4 
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Table 0-4 fcontdl 

Picture 7 

37.84 deg: Lon. 179.44 dcg: Alt. 13 ,192 krn GMT. 0:25:45; Filter. green: Lot. 

+I--- 
- ---___ 

I 
Phase. 

de9 

Zenith ongle of 
Sur dist, 

krn 
Range. Ln. deg Lt, dng I pt I 

i 
3 
4 

5 
6 
7 
8 
9 
IO 
1 1  

~ 13.54 
11.01 

- 11.43 

~ 1 1.79 
- 13.91 

~ 15.97 
~ 15.6C 
-15.13 
13 ’ -  

~ 1 1  @ I  

60 1 
60.5 
60.5 
6@ 5 
60.0 
59.6 
59.6 
59.6 
60.1 
60.5 

29. I 
26 8 
27.0 
27.2 
29 3 
31.4 
31.2 
31.1 
29.0 
26.8 _ _ _  

31.0 
33.7 
33 6 
33.7 
31.1 
28 5 
28.4 
28.5 
31.1 
33.7 

- 174 21 13,582 
~ 175.55 13.654 
~ 17374 13651 
171 9’3 13653 
172 3I ? I 5 8 4  
172 82 I3523 

- 17467 13,521 
- 176 51 13,524 
- I76 04 13,585 
175 56 13.654 

- 
168.7 
108.4 
138.4 
127.9 
123.9 
107.4 
107.4 
123.9 
127.0 

Picture 8 

GMT. 0:26:33: Filter, orange; Lot, 38.43 deg; Lon, 179.69  deg: AN. 13 .056 km 

Lt. dcg 

pt I Sur dist. 
krn 

deg 1 s z i t h  angle of 

m.0 32.5 

Phose. 

deg 

Range, Ln, deg 
SpOCUrO ft 

de9 

27.9 
30.3 
30.4 
30.7 
28.2 
25.9 
25.5 
25.3 
27.8 
30.3 

2 
2 

4 

5 
6 
7 
8 
9 

IO 
1 1  

- 17.09 
-14.71 
-15.07 
-‘5.3€ 

- 17.40 
- 19.37 
- 19.05 
- 18.69 
- 16.73 
- 14.71 

172.62 
- 174.C1 
-172.17 
- 170.32 
- 170.76 
-171 18 
173 75 

- 174 91 
- 174.46 
~ 17401 

13,373 

13.40 
13.432 
13,439 
13,380 
13,326 
13,320 
!3 ,318  
13.37 1 
13,430 

1609 I 60.5 j 302 
60.5 
60.4 
60.0 
59.5 
59.5 
29.6 
60.0 
60.5 

30.5 
30.7 
32.7 
34.7 
34.5 
34.3 
32.3 
30.2 

106.7 
106 9 

121 0 

1 18.6 
106.0 

io5  a 
1 18.4 
121.7 

Picture 9 
~ ~ ~~ ~ ~~ ~ 

GMT, 0:28:9; Filter, orange: La?, - 39.67  -leg: Lon, - 179.78 deg; A h ,  12 ,790 krn 

Zenith angle of  
Sur dist. Phase. Range. 

brn 

13.004 
13.036 
13.048 
13,064 
13.020 
12.930 
12,965 
12.954 
12,993 
13.036 

Lt, dcg 

23.72 
- 21.60 

21 84 
~ 22 Od 
23.92 
:5 77 

~ 25.56 
Z5.30 
23.46 

- 21.60 

Pt 

2 
3 
A 

5 
6 
7 
8 
9 
IO 
1 1  

Ln. #eg 

- 16911 
170 62 
168 74 
:b6 83 
167 19 

~ 16753 
169.47 
171 40 
171.01 
170 62 

Spacecraf 
deg 

23.0 
24 6 
25.2 
26.0 
23.8 
21 7 
20 7 
20. 1 

22.3 
24 6 

km de3 

- 59 9 
I49 7 60 4 
104.2 60 4 
104 9 60.3 
112 7 59 9 
1 IO 5 59 4 
104 1 59 5 
103 5 59 5 
110 1 59 9 
112 3 60 4 

39.1 
36 9 
37 3 
37.6 
39 4 
d l  3 
d o  P 

40 6 
38 8 
36 0 
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Table D-4 (contd) 

Picture 10 

GMT, 0:28:57: Filler, green; Lat, -40.22 
1 1 I 

Pt L l ,  deg Ln, deg Range. 
km 

- 26.83 
-24.81 
- 25.01 
--25.16 
~~ 26.99 
- 28.79 
- 28.62 

9 -28.41 
10 - 26.63 
11 - 24.81 

-167.15 12.843 
- 168.75 12.865 
- 166.82 12,881 

~ 164.88 12,931 
1 -165.18 12,863 

- 165.48 12.830 
- 167.47 12.810 
- 169.44 12,794 
- 169.09 12,827 
- 168.75 12,865 

eg: Lon, - 174.49 dcg; All, 12,660 krn 

Zenith angle of 
Sur dist, Phase, . 

krn deq Sun, Spacecraft 
de9 deg 

- 59.9 42.4 21.2 
145.9 60.3 40.2 22.5 
103.4 60.3 40.6 23.3 
104.3 60.3 4 1 .o 24.4 
109. I 59.8 42.7 22.4 
107.3 59.4 44.5 20.4 
103.7 59.4 44.1 19.2 
102.8 59.4 43A 18.2 
106.9 59.9 42.0 20.3 
1C3.6 60.3 40.2 22.5 - 

Picture 11 

41.46 deg; Lon. - 178.85 deg; Alt, 12.407 krn GMT, 3:30:33; Filler, green; Lot. 1 

9 
10 7 1 1  

11, deg 

-~ 32.67 
-30.84 
- 30.93 
- 30.96 
--32.71 
- 34.45 
- 34.39 
-34.29 
-32.57 
-30.84 

- 164.47 
- 162.44 

160.38 
- 160.56 
- 160.73 
~ 162.85 
- 164.95 
- 164.71 

de9 

48 8 
12.566 I C i . 1  46.7 
12,591 60 2 47.1 102.8 
12.675 104.1 60.2 47.5 
12.503 103.6 j 59.8 49.2 
12,570 102.4 59.3 50.9 
1 :,542 103.5 59.3 50.4 
12,518 102.3 59.4 50 0 
12,540 101.9 59 e 48.4 

I 

12.566 103.0 60.3 46.7 

Picture 12 

21.5 

18.2 
19.9 

~ ~~~~ 

GMT, O:J1:2l; Filter. orange; Lat, --42.09 deg: Lon, --178.51 deg; Alt, 12,284 krn 

Zenith cngle of 
L,, deg Ln, deg Range, Sur dirt. Phase, 

km krn de9 Sun, Spacecroft, Pl 

de9 de9 

2 -35.42 - 160.05 12.446 - 59.7 52.0 20.1 
3 - 33.68 - 162.01 12.439 139 9 60.2 49.9 19.6 
4 -33.71 -159.91 12.467 102.9 60.2 50.3 21.4 
5 -33.69 -157.78 12,500 104.5 60.2 so 8 23.2 
6 - 35.41 -157.88 12,479 101.5 59.7 52.4 22.0 
7 -37.1 1 157.97 12,46 1 100.6 59.3 54.0 2 1 .o 
8 -37.12 -160.18 12,429 ld4.0 59.3 53.6 19.0 
9 ~ 37.07 -162.35 12,401 102.5 59.3 53.2 17.0 

10 -35.38 - 162.19 12,418 100.0 59.8 51.5 18 .2  
1 1  -33.68 ~ 162 01 12.439 100.9 60.2 49.9 19.6 --- 
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Table D-4 (contd) 

Picture 1 3  

GMT. 0 :32:57;  Filter. orange; lat ,  -43 .37deg:  Lon, - 177.76  deg: Alt. 1 2 , 0 4 4  km 

I -~ 

Phase, 
de9 

59.8 
60.3 
60.3 
60.2 
59.8 
59.3 
59.4 
59.4 
59.8 
60.3 

Zeni?h angle of 
Range, 

km 
Sur dist, 

km 
L?, deq 

~ 40.07 
- 3851 
-38.41 
38.25 
39.92 
41.57 
4 1.7? 
-41 a2 

10 40.17 
I I  38 51 

Ln, deq 

- 15457 
- I56 67 
- 154.43 
152 15 

-15204 
- 1 5 1  91 
~ 154 29 
I56 65 

-- I56 67 
I56 67 

12.247 
12.223 
12.260 
12.301 
12.289 
12,280 
12,239 
12.202 
12.21 1 
12.223 

- 
139.5 
103.9 
105.9 
98.5 
97.9 
105.6 
103.6 
97.3 
97.8 

:? 5 

56.8 
58.4 
59.9 
59.4 22.0 
58.9 19.6 
57.4 20.4 
55.8 21.1 

Picture 14 

GMT. 0:33:45; Filter, green: Lot, - 4 4 . 0 2  deg: Lon. - 177.35 deq: Alt. 11.928 krn 1 
Sur dist, 

km 

-- 
- 
140.3 
104.9 
107 2 
97.4 
97.0 
105.9 
104.7 
96.3 
96.6 

Zenith angle of 

Sun. Spacecraft, 
de9 de9 

60.8 24.4 
58.7 22.7 
59.2 2 A  8 
59.8 27. I 
61.3 26.7 
62.9 26.4 
62.0 24.2 
61.9 21.9 
60 3 22.2 
58.7 22.7 

Ln. deq 
Range. 

km 
Phose, 

de9 
P? Lt. deq 

2 
3 
4 

5 

6 
7 
8 
9 

10 
1 1  

42 21  

40 75 
40 57 

-4@ 34 
4 1  9a 

43 61 
43 84 
44 02 

~ 42 39 
40 75 

- 151.11 
- 153.61 
- 151.28 
- 148 91 

~ 148.68 
- 148.40 

150 89 
- 153.35 
153.49 

- 15361 

12,166 
12.133 
12.174 
12,220 
12.212 
12,207 
12.161 
12.120 
12.125 
12.133 

59 9 
60.3 
60.3 
60.3 
59.8 
59.4 
59.4 
59.4 
59.9 
60.3 

Picture 15  

I GMT. 0:35:21: Filter, green: La?. -45.34 deg: Lon, - 176.47 deg; Alt. 11,703 km 1 
Phase. 

de9 

Zenith angle of 

Sun, Spacecraft, 
de9 de9 

66.8 29.2 
64.7 26.9 
65.3 29.2 
05.9 31.5 
67.4 31.5 
69.0 31.7 
60.4 29.3 
67.8 27.1 
66.2 26.9 
64.7 26.9 

Sur dirt, 
km 

143 49 
I46 50 
I d 3  90 

- l A l  A 2  

- I40 85 
- I d 0  72 

- 14293 
145 60 
I46 09 
1-45 50 -~ 

59.9 
60.4 
60.4 
60.4 
59.9 
59.5 
59.5 
59.5 
60.0 
60.4 -- 

12,041 
1 1.990 
12.041 
1 2.097 
12,097 
12.101 
12.045 
1 1,994 
1 1,990 
1 1.990 -___ 

- 
144.2 
108.0 
1 1  1.0 
96.0 
96.1 

1 1  1 . 1  

108.1 
95.3 
9s. 2 

- 47.60 
47.07 
J6.39 
44.80 
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Table D-4 (contd) 

Picture 16 

Pt 

2 
3 

I GMT, 0:36:9; Filter, orange; Lot, - 46.01 deg; Lon, ~ 175.99 deg; AI?, 11.594 kn; 

Lt, deg Ln, deg 

47.64 - 139.06 
46.56 - 142.37 

Range. 
krn 

4 - 46.09 
5 1 -45.55 

1 Zenith angle of 

~ 139.75 
-137.10 

Sun, 
de9 

79.9 
77.6 
78.3 
79.1 
80.8 
82.4 
81.6 
R0.8 
79.2 
77.6 

Spacecraft. 
deg 

42.1 
39.0 
41.4 
44.0 
44.7 
45.5 
42.9 
40.4 
39.6 
39.0 

Sur dirt. 
Crn 

- 
147.5 
1 10.3 
113.7 
95.9 
96.2 

114.1 
110.6 
95.2 
94.9 

;pacecroft, 
de9 

1 1,999 
1 1,938 
11.994 
12.056 
12,061 
12,070 
12.308 
1 1,951 
1 1,943 
1 1.938 

31.9 
29.4 
31.8 
34.1 
34.3 
34.6 
32.3 
30.0 
29.6 
29.4 

69.0 

59.5 
59.5 71.4 
59.6 70.8 
60.0 69.3 
60.5 67.7 

--47')9 
--48.61 
-49.18 
- 49.66 
-48.11 
- 46.56 

- 136.33 
- 135.47 
- 138.29 
-141.07 
-141.76 
~ 142.37 

Picture 17 

GMT, 0:37:45; Filter, orange; Lot, -47.36 deg; Lon, - 174.95 deg; Alt, 11,385 km 

Lt. deg I Zenith angle of 
Range, Sur dist, I km 1 km 

Phose, 
de9 

60.1 
60.6 
60.5 
60.5 
60.1 
59.6 
59.6 
59.7 
60.1 
60.6 

- 128.66 I 11,964 I - 
5a.o 
17.2 
21.9 
96.8 
97.7 
23.0 
18.1 
96.3 

50.14 
- 49.44 
-48.71 

- 47.88 
~ 49.29 
- 50.68 
~ ~ 51.56 

t - 52.34 
10 - s0.w 
1 1  - 49.44 

~~ 102.66 
- 129.85 
- 127.00 
- 125.73 

~ 124.32 
- 127.34 
- 130.33 
- 131.56 

1,880 
1,949 
2,025 
2,041 
2.061 
1.983 
1.91 3 
I .a94 

74.1 35.4 
74.8 37.8 
75.5 40.3 

40.8 
78.7 41.4 

77.9 39.0 
77.2 36.6 
75.6 35.9 
74.1 35.4 - 132.66 I 11,880 I 95.4 

Picture 18 - 
5 ; Filter, y r e n ;  Lot, - 48.04 deg; Lon, - 174.39 deg; P 1, 11,285 km GMT. 0:38:3 

I Zenith angle of 

Lt, deg I 
2 -51.00 
3 - 50.57 
4 ~ 49.66 
5 -~ 48.64 
6 - 49.95 
7 --51.23 

-52.32 
-53.29 
~ 51.94 
-50.57 

- 122.35 1 1.98 1 - 
- 126.76 11,aei 166.6 

' 122.5 
128.2 
98.3 
99.7 

130.2 
124.1 
97.8 
96.6 

- 128.85 1 1,959 
- 120.91 12,045 
-119.33 12,061 
- 117.58 12,095 
- 120.68 12,007 
- -  123.76 11,927 
- 125.34 11,902 
- 126.76 1 1.88 I 

59.6 
59.6 

60.1 
60.6 
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Table D-4 (contd) 

Picture 19 

I GMT, 0:40:9; Filter, gr*.cn; Lot, ~ 4V.42 c 

Sur disc. 
km 

Phose. 

60 6 

60 6 

jpocecrofl 
de9 

50 E 
4 7  0 
49.8 
52.7 
53 7 
54.9 
51.9 
49.1 
48 0 

47.0 

- 
194.7 
139.4 
149.1 
105.3 
108.5 
154.6 
143.6 
104.1 
101.7 

- 107.88 
~ 113.14 

~ 110.09 
~ 107.00 
- IO4 73 

~ 102.23 
- 105.45 
- 108.63 
- 110.99 
- 113.14 

- 51.17 
51.48 

-50.12 
-48.59 
- 49.57 

53.47 
-52.15 

9 53.65 
IO ~ 5260 
1 1  -51.48 

12,096 
1 1.956 
12,057 
12.171 
12,213 
12.261 
12,141 
12,034 
1 1.992 
1 1,956 

Picture 20 

GMT, 0:40:57; Filter, oronqe; Lot, -50.12 deq: Lon, - 172.51 deg: Alt, 11,001 km 

Lt. deq Ln. deg ” - 50.17 - 0 0  78 

Sur dist. 
km 

Zenith ongle 0 ;  

Phase. Ponqe. 
km 

12,210 
12,039 
12,159 
12,296 
1?,352 
12,418 
12.269 
12.140 
12,086 
12.039 

pocecroft 
de9 

- 
2 18.7 
153.7 
167.6 
113.0 
118.2 
177.9 
161.2 
110.4 
106.7 

60.1 

60.6 
60.5 
60 5 
60.1 

59.6 
59.6 
59.7 
60.1 
60.6 

92.1 
89.1 
90.2 
91 5 

03.4 
95.4 
94.0 
92.8 
90.9 
89.1 

55.9 
51.7 
54.7 
57 9 
59.2 
60.6 

57.3 
54.2 
52.9 
51.7 

3 
4 
5 
6 

7 
8 
9 

10 
1 1  

-51.04 
-49.35 
-47.45 
-48.17 
-48.76 
- 50.88 

~ 52.76 
-51.94 
- 51.04 

- 105.46 
- 102.36 
- 99.17 

96 53 
93.64 

- 96.96 
- 100 18 
~ 102.94 
- 105 46 

Picture 21 

GMT, 0:42:33; Filter, oronqe; Lot, 51.51 deg; Lon, - 171.08 deg; Alt, 10,826 km 

Ln. deq 
I 

Lt,  deg 
Ronge. 

km 
Sur dist. 

km 
Phose. 

de9 

Zenith ongle of 

Pt Sun. 
de9 

pacerraft. 
de9 

2 
3 
4 
5 
6 
7 

8 
9 
IO 
1 1  

12.665 
12.363 
12.559 
12.811 

12,953 
13.144 
12.795 
12,555 
12,451 
12,363 

60.1 
60.6 

60.5 
60.5 
60.1 

59.6 
59.6 
59.7 
60.1 

60.6 

102.8 
98.6 

100.4 
102 6 
105.4 
108.7 
105.4 
103.2 
100.8 
98.6 -- 

69.5 
63.3 
67.4 
72.3 
75.0 
78.6 
72.0 
67.3 
65.2 
63.3 -- 

44.34 - 81.47 
47.29 ~ 88.40 
44.45 - 84.93 
$0.90 80.96 
4c 2 8  77.14 
38.97 72.66 

- 43.89 ~ 77.64 
~ 47.39 - 81.50 
--47.46 85.10 
- 47.29 -- 88.40 

- 
333.7 
2 19.9 
271.3 
174.9 
217.7 
364.6 
260.2 
143.7 
132.2 
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Tab;-. D-4 (contdl 

Picture 22 

1 1 1 . 8  
104.8 
107.8 
- 
- 
- 
- 
111.1 
107.7 
104.8 

GMT, 0:43:21; Filter, green; Lat, -52.21; Lon, -170.31; AI), 10 ,743 km 

82.6 
71.5 
7 7 . L  
- 
- 
- 
- 
78.1 
74.4 
71.5 

Range, 
ktn 

0.0058 
2.93 
0.056 
0.0040 
3.63 
0.021 
0.:74 
0.1 20 
0.052 
0.174 
0.120 
0.052 

Sur dirt, 
km 

0.0098 
0.0547 
0.3140 
0.0144 
0.1468 
0.0002 
0.1 21 1 
0.0576 
0.0108 
0.1211 
0.0144 
0.0108 

Phase, 
de9 

Zenith ongle of 

11. dog Ln, dog 

2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  

- 68.58 
-78.55 
-73.85 
- 
- 
- 
- 

~- 69.85 
- 74.53 
- 78.55 

13,283 
12.682 
13,017 

l -  
- 
- 
- 

13,033 
12,832 

, 12.682 

- 
618.8 
350.0 
- 
- 
- 
- 
- 

?25.8 
180.8 

60. I 
60.6 
60.5 
- 
- 
- 
- 
59.7 
60.1 
60.6 

- 35.78 
-42.91 
-38.17 
- 
- 
- 
- 

-40.59 
-42.12 
-42.91 - 

The latitude and longitude data given in Table D-4 
were used by ACIC (Air Force Aeronautical Chart and 
Information Center) to make relief renditions from the 
pictures. Since it was foiind necmsary to introduce addi- 
tional shifts in pictiire locations to make the overlap pic- 
ture information mntch. ACIC sliifrpd thr  odd-numbrred 
picture 1oc:itions accordingly. The latitucks and longi- 
tudrs of objects in the re!ivf renditions will therefore differ 
slightly from those indicated hy the pictiire data qi\*en in 
Tahk D-4 for odd-numberrd pictiires. 

(In) latihide imcertainty \vas computed according to thc 
following equation: 

\vherv L' rcprescnts latitiitlr. S, the nth parameter, and 
AS,, thc 1~ urrcertainty in the valur of the nth parameter. 
Symmetrical probability tlrnsitics about the inpiit param- 
cter valurs given in Tables D-2 and D-3 were assumrd, 
and i t  may hr assumed that the latitude probability dis- 
tribution is gaussian and symmetrical about the com- 
puted value in Table D-1. The 1attt.r assumption is not 
strictly valid and would not hold for other pictures near 
the limb. Computation of the longitiidc uncertainty AA 
was c,uried out in the same way, and the results are 
gitpen in Table D-5. 

111. Picture 11 Mapping Error Estimates 

Estimates have been marlr of thr uncertainty of the 
computed map location of Pichirr 11, hased on individual 
iincertainties in the more significant parameters. The rss 

Table D-5. Latitude (4) and longitude (AI urrcertainties for Picture 11  

Parameter AX" 

b,  km 

8 .  deg 
T,.,, sec 

Rw, km 

C4, des 
K , ,  deg 

pn, mil!trad 
v n ,  millirod 

rn, millirod 
p, millirod 
y ,  millirod 
r, millirad 

17 

IO 
30 

0.08 

0.10 
0.70 
2 
2 
2 
2 
1 
2 

0.0079 
3.88 
0.050 
0.W54 
0.203 
3.92 
0.056 
0.124 
0.225 
0.056 
0.124 
0.225 

0.096 
0.2m 
0.026 
0.000 
7.530 
0.01 2 
0.062 
0.213 
0.01 2 
0.015 
0.213 

Y - 8.447 
5X(lu) = 2.91 dag 

I X - 0.8757 
I A@ (lo) = 0.94 deg 
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Appendix E 

Data Acquisition and Handling 
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TYPICAL 
SC I CNCE i INSTRUMENTS 

I I 1 I 
I I I I I 

INSTRUMENTS - SCIENCE 
FROM OTHCR 

ENGINEERING 
MEASUREMENTS 

MOD U C AT0 R ,i 

RADIO SIGNALS 2 LOW-GAIN 
ANTENNA 

- - -  --- - -  -.A_- -- - -  - -  
COMMANDS - - 

SPACECRAFT / 

- / - -  -MAGNETIC TAPE I E ' . 7  2 
-*TO SFOF ----- --e - 

i - j  PRINTER 

DSlF  
COMMUNICATIONS 

CENTER 
COMMANDS 

I1 

TRANSMITTER T TY - 
GENERAT37 - ENCODER 

CCNVERTER TRACKING 
DATA HANDLING 

SYSTEM 
I I 

TTY TRACKING DATA 

TTY TELEMETRY DATA 
I 

COM M U N I CAT IONS 
TERMINAL 

DSlF NFT 
CONTROL 
DSlF NFT 
CONTROL 

- -  
SPACE 

PAPER TAPE 

1 
I 
I 

TO SFOF 

DEEP SPACE 
INSTRUMENTATION 

F A C I L I T Y  - -  - 
F L I G H T  OPERATIONS F A C I L I T Y  

MAGNETIC TAPE I AND 2 f 

- -  

MAGNETIC i:PF 3 /- 

1 I 
I 

e-1 r 1 - 7 1 

c 

COMPUTER AND 
PROCESSOR 

1 
1 

1 MkGNETIC TA;JE 4 - 
4 

7040 !3GI 
COMMU N I CAT IONS INPUT-OUTPUT * c DISC 

L : : : N Z #  OGOCESSOR T'LES 

CCOD SC 3070 30 X 30 - FPAC 
PRINTER PLOTTER APPRO JAL 

126 

_- 

Fig. E- 1 .  Mariner Mars 1964 data stream 
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LAUNCH 

ENCOUNTER- -B 
MINUS 9 hr 

PICTURE t 
RECORDING 
SEOUENCE 

ENCOUNTER- 
PLUS 4 hr 

MODE I 

~ 

MODE 2 

MODE 3 

MODE 2 

MODE 4 

(PLAYBACK)  

4 420 btls 4 

I 20 
ENGINEERING WCIRDS 

( 2 8 0  b i t s )  ( I40  bi ts)  

28 CRUISE-SCIEVCE WORDS 

N O N - R E A L - T I M E  POWER TURN -ON 

WIDE -ANGLE ACOUIS!TION 

NARROW - AWGLE LcGUiStTlON 

(280  b i t s )  (140 SCIENCE b i t s )  
r 

li) 
ENGINEERING WORDS 

28 CRUISE-SCIENCE WORDS I 
CLOSEST APPROACH (ENCOUNTER) 

(280 bi ts1  (140 bite)  
I 

28  CRUISE-SCIENCE WORDS I 20 I ENClNEERlNG WORDS 

? I TELEVISION 'v'lDEO DATA PLAYBACK, 

5 . 10' b i t s ,  8 I/?. bDs 

Fig. E-2. Data modes during the nominal flight sequence 
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DSlF DSlF TTY TTY TRANS- 
R[TCE;VING I ENCODING MISSION 
rr.1 I ~ ~ ) L ~ ~ . I T  EOU'Dh4ENT 

I 

SPACECRAFT 
L"", *.ILI", 

RECORDING STATION 
CLOCK 

MAGNETIC 
ANALOG 

TAPE 

SPACE INSTRUMENTATl9N FACILITY 

TO COMMUNICATIONS 
LIVE INTERFACE 

ECUIPMENT EQUIPMENT 

REAL-TIME 

AND LOGGING 
COMPUTER PROCESSIVG 

EbLK 
PRINTERS 

I I 

OFF-I.INE 
PRINTING 

SPACE FLIGHT OPERATIONS FACILITY 

Fig. E-3. Television ground data processing system 
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r I 

SCIEYCE RT 8.33 bvs  
C 

INSTRUMENTS DAS 
I_____c 

8.33 ‘DS I 8 33 bps 

_- 

DATA 
ENCODER 

Fig. E-4. Spacecraft TV data system, block diagram 

JPL TECHNICAL REPCRr 32-884 129 



C A ENGINEERING B 
FORMAT FOQMAT . DATA FORMAT 

0 .  TRANSHISSION SEOUENCF OF FORMATS 

A ENG!NEERING 
FORMAT DATA 

PN BLOCK LINE STATUS 
- 1  

SEOUENSE ID NUMBER BITS 
OR 

A2 

+ 

SPA RE R T V  CAMERA TV DATA 
T VOLTAGE 

Fig. E-5. Television data formats: tal transmission sequence of events, (b) Types A, 6 ,  C formats 

E 
PN 

SEQUENCE I D  
C 
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Tlit. ;ictrinl i!~i~ilt~riit.iitntion incliil I c d  tlw TI' data ret.- 

ocnition. tl(.c.omriiiit;ition. sortir~q. n:id tnhrilnr displ.iy ;I\ 

part of thtx computer promam [ t i t l d  ">lission-Dr S-ndent 
Editor" 1 und ii styxiratv pro$r;iin that ;tcc.t.pttd t l ic  ~naqc. 
tlnta rind rc+mnattcd it for flirther procrssinc. Thr7 sort- 
inq cqxihilit!- wii : ,  r,xtrtmc.l!- i i . ; c + f r i l .  T!w ord(.rinf s ~ -  

q i i t ' i i ( * t ~  ~ i c l  \xlitlit .- clirrkirig o f  t h t .  (lata cc)ii1d acconi- 
inodair. correlation ;ininn< 50 Iiiiw ;it onc time. From ;in 
operational standpnint. this pemiitted ovt'rlap to hc* par- 
posely includtd in the data lvlien switchinq t -t\\-t~t*n 
I>SIF stations 3s nrll as rc.co\.en of data hy rrtrai smis- 
sinn \\-lien ground conitnutation outaqw lost or garbled 
data. For the ovcrlnppccl data, thr  sortins routine nrc' -rd 
thv &ita and incliitlrtl tlit' most complete and c,rror-frt.r 
data in tlw tlcli\.erctl strrarn. In ortlcr to maintain the 
eenmetrical rchtionship I,ctween the lines. if data werr 
missinc nr nonrccognizahlc for a qivm linr, an all-hlack 
filler line  viis ins r r td  (labeled "Fme!." in Fig. E-6). In 
both the tnhular listinqs and tlw film r w m d < ,  t h .  all- 
Mack lint \viis immrdiatrly c*\.ic!cwt. t l i i i r ;  facilitatinq cnr- 
rcJct ion. 
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Fig. E-6. Television data tabular display 

trmmission tliffic~ilti~s. the number o f  hits hrt\vc.en Ph 
~ c q u m c e  \voultl be alterwl. Therclfnrr. a c  dcmonctratrtl 
in Fic. E-7. the tlwnmmiitation could hc in error. 

1200 b i t s  
r A 

- ~- 
51 52 50 r.9 

I I I 

I I I I 
I 39 I 41 I 37 I 

Fig. E-7.  Television data decommutation 
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I j I 

I 
t 

Fig. E-8. Mariner /V  Picture 1 : la) with "torn lines," 
(b) with "torn lines" removed and 

contrast enhanced 
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Scqatiiw and transpiirtmt positi\.cs of the film image- 
ivrr(’ foni.nrdrt1 tn thr JPI, Photography Drpartnient. 

134 

.\pproximatcl>. 9 \verks prior to cncoitntcr. Jolin I I. 
Jlorr.crcft o f  JPI, proposcd rcd-tinits procwsinq nncl 
image. tlisplay of Vtiriricr 11’ TI’ data I)!. itsing ;i I’DP-T 
cornpittt.r and thr Spacr Scicwcc VitLw Proccassing Lab- 
orator!.. Tlw rral-timr tc4vt!pr data utreuni \vas ent(wtl 
into the PDP-7. where control c1iar;ictcw \yere removed 
nnd identification of telcvision data \\’as accomplishtd. 
Tlit. o u t p t  of thr PDP-7 \vas rontrtl to a digital-to-iinalog 
convrrtc*r, a slow scan monitor, antl a scan con\wtrr. This 
systcm prrmittetl \%wing of the imngr a s  it n - a s  bring 
recrivd, rccording of the imiigr usin 2 a Polaroid camrra, 
;ind r\duation o f  various processinc tcdini y i c s  fnr con- 
trast enhanctmir~nt nnrl rervmxl of thv pliotomrtric 
tl i st nrhion. 
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Appendix F 

Haze Studies 

Tlitw est iniatrs  ;Issiinic that the* srirfacr slopes risetl in 
t l i c  model  a r c  a t n i e  represmtnt ion  nf sloprs on Jfars. 
If J!nrs hiis sninll(.r slopes. thr h a m  contrihii t inn is 
rcdricrtl. 
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;- FILTER 
- PHOTOMULTIPLIER - PINHOLE 

TUBE MAW IN 
FOCAL PLANE 
n GROUND GLASS - 

Fig. F-1. Arrangeme. * o t  T?, optics i : . - i ~  ph-tomultiplier 
for veiling glcrre and .;n, .i?:ed Mer5 

iranspoe?ry -AOR 'fists 
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SENSOR MARNVER lY OPTICS t 
1/16 -in -SQUARE 
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Fig. F-2. Veiling glare tests 
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I STRAY LIGHT PA) IS  DEFINED AS' 

BLACK SPOT BRIGHTNESS 
GLARE * HIGHLIGHT B R I G H T N E S S  
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Fig. F-3. Stray light in image as a function of the 
diameter of the bright source at which 

the optical system is  pointed 
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Appendix G 

TV Interpretation Studies 

550 600 6% 7no 

WAVELEWiH, nrn 

Fig. G-1. Spectral respcnse of flight field test 
TV camera system 
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Fig. G-2. Stepledge model 

I 147 

i ._ 

J P L  T€CHNICAL PFPORT 32-884 



'\ m----- 
FIELD TEST\  

CAMERA \ 
HEAD / 

\ 
\ 
/ 
\ 
/ 
\ 3 0 - i n , ~ ~ o / ~  REFLECTING 
/ / f  FIRST SURFACE 

, t\d/,y' MIRROR 
60 dag 

fig. G-3. laboratory setup for model studies 

Fig. G-4. Terrain model of the Bakersfield [California) 
area ialso shown i s  a linear grey step chart 

providing a check of system gamma 
during model studies) 

Fig. G-5. Mt. Wilson 60-in.-reflector, full aperture, 
800-msec exposure, March 20, 1965, Mars 

dote June 15, central meridian 40 deg, 

(a) Green, 545 wn, (b) Red, 
600 nm 

cnuth at top, magnitude ~ 0.9 
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p! - I I.,.' 1;it, 4 I~lI~I l~l Ij?.. ::I11 1 1 ::> 1 ;l:li:l 

Fig. G-6. VFC system processed model study picture 
with optimized operation (cf. Fig. G-2) 

Fig. G-7. Martian topography, simulated model 
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Appendix H 

Martian Slopes and Surface Roughness 
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4 S 

.c VERTICAL E X A G C E R A i  ION = I 6  5 
N S 

5 l c 7  45 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 900 KM 
I i = w r n = 1  I =I I I I I I I 1-11 I I II I I1 II I -=VI-=-- 

Fig. H-1. Parametric variation of haze and level intensity values 
The moximum ond minimum possible volues of  haze, estimated in Section 111 of this report, merely vary the moximum slopes from about 10 to 15 deg. 
None of the level intc.nities used remover the obvious "tilt" in the section. Exomination of the contoured intensity dolo shows thot the level intensity 
at the north ena of the section i s  about 1 0 " o  greoter than thot of the south. Hence some odjustment must be mode for this change, either abrupt or 
groduol, in order to generote o 9opc;rcphic profile which is  not obviously tilted. Yowever. the relative relief of the crater rnoy be estimated satirfoctorily 
even from a tilted profile. 
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Fig. H-2. Profiles of selected craters in Picture 9 
Hare v r l u e  used i s  30; level intensities are as indicated. The slight asymmetry in 1713 E168, and probably rhat in 161 E109, reflects slight variations in 
albedc ccross there craters. 
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P I 0  L126 E148 

Fig. H-4. Profiles of Crater P10 1126 E148 
This crater exhibits both structural and albedo variation ac-nss the floor. However. a n  average albedo of the floor significantly lower than that of 
the surrounding oren i s  clearly indicnted under any circumstances. The large apparent elevation differences between opporite walls on the N-S and 
NE-SW sections very probably arise from complex albedo voriationc. 
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Fig. H-5. Profiles of selected craters in Picture 1 1  
Crater 11 82  E36 appears to be one of the deepest craters in the Mariner IV pictures. The extreme NE rim is  probably a result of on uncorrected albedo 
variation. since the relotiwe relief o f  1100 meters on the NE-$"I profile i s  consistent with thz other h' Drofiles olthough the apparent depth i s  too 
sha;low Haze volue used 15 24  
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111. Statistical Measures of Slopes 

I 
O 1  t a 
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PICTURE NUMBER 

Fig. H - 6 .  Maximum and minimum intensity fluctuations 
VI picture nurn..Fr 

The fluctuations cre shown for swera l  different square sample size.. all 
overaged over 16 r 16 element squares. 
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01 I I I I I I I 
L I .o 2 .O 3.0 

can2 8 
Fig. ti-7. Plot of average variance vs t,-i>: //, where // i s  the soli r zenith angle 
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0.02 < IT .  < 0.06 o r  1 < n. t n  
(I 1-13) 

n. ~ 0.03 or L. r 3 -  (H-1.5) 

Thr linear drpendcnce of af ripon tan’ 0 breaks down 
beyond Picturc 13. Some cvidencc. of frost deposits around 
cratcw \ v a ~  scm in Pictiirm 13. I-!, and 15, and surface 
detail became systematically less distinct. contrary to 
e\Fcc‘tation. This trend might be eqdaintd partly by a 
departiire from Lnmbrt’s law cliie to the prrsrnce of 
ohscunnq fog or mist. a conimon phenomenon a t  this 
latitude and season, and partly by tlic procressivcly 
poorer intensib discriminaldity of thr camera from 
Pictiire 12 onward. 

Thv results ohtaincd in !he foregoing analysis may b? 
compared on the one hand with slop(’ me;isurcments on 
individital cratcrs disciissed in Srction TI of this appendix. 
and on the other hand with radar results (Ref. 5).  Mea- 
suremclnts on indi\~itlrial craters ykld tvall slop~s tip to 
ahoiit 12 deg (0.21 rad) as ;I rnasimiim. If wc regard 
tlic. iippcr limiting n, \*alii(. of 0.06 ; IF  rcwlting from 
E-dt-g sloprs o \ w  ;i cvrtain fraction of tlic. siirfacc and 
ncgligiblr slolws (hcdirre.  t h i s  frr:-tion of thr srirfacc 
that \voulcl liavc~ such slopes \\.o11ld bc approximately 
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IV. Pictoriul Representdon of Surface Roughness 

In addition to :lie statistical cl~arilctc.rizntion of surfacc. 
slopvs Jiscrisstd :ilwvc~. it is possiblc also to display pic- 
torially the point-to-pint variations o f  intensit\. that. arc 
rc4ated to the sloprs. Such ii pictorial display potciit;ally 
contains mitch mow information about thv Jrganiz; tinn 
of tlirsi. slopes into stnicturally mmiiingfuI form.; siic.11 
ns c n t t n .  

In the discussion of tlic intensit\- and color calibration 
of the Jfarincr 11’ pliotogaphs (Section 111). it *vas mcm- 
tioncd that several of the pictnrchs wcnicd to show rela- 
ti.-cly I:ir~y areas having little fliictrintion of intrnsity. 
The siibsc.qii-nt analysis of the flat- ield calibration pic- 
trirrs vcxrificd that thc vidicon, prc~~mplifier. and encoding 
circwitn \vert’ indeed reproduciXt. to within about 0.27- 
;I ICY el f i i i  below tht. 1‘; or \o diwrirninaldity set hy tlw 
6-hit mcoding schrnie. The ol>s;c.r\.td DYs in 3 qiven 
picture are thtis rt.prrsrnt.iti\.c of the acfiial video 4iCnal. 
nncl t h e  flnctiintions of the DS valnrs from point to point 
may be takcn to imply achial intcnsity \*ar;ationc. on Jfars.  

Considc*r a small goup of pichire elements near a givm 
point. The intensitiw of thew element? will have n cer- 
tain averagr I,, and a certair, stcinilnrd clrviation n about 
this averagc’. Thc ratio CT l,, is a simple measure of the 
point-to-point rc1atii.e intensity fluchiations of thr surface. 
I f  w e  neclect variations in intrinsic reflcctivity o \ m  small 
areas (as seems justifird in view of the very 1o1v d i e  
of (r I olkiincd in tlw preceding discnssion) w e  mas 
equate point-to-point intensity \ranations Nith local 
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Appendix I 

Martian Surface Processes 

I I .  Surface Materials 

Rvforc cqnsidering procvssvs. i t  is nr*rc’ss;ir\. to formri- 
late n mr&l for the physicnl statc r __ tlw m;itc,ri;il con- 
stituting the siirfiicr. Inyrar ( i f  > Iars. Limitatioils of s p e c  
r-tqtiirc. th t t  ronsider;itior. cl the many spc‘cti1;~tions con- 
crminq the c1ieniic:il a i d  litlinlogicnl natiircb of this niatcl- 
rial hr omitted, not I)c~:iiisc- thry arc’ unimportant. h i !  

hccarise they arr not tlirc ctly prrtinc.nt to tlir fnciis nf 
this tlisciission. 
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111. Martian Surface Environment 



.4t 5-10 nil). most ot t l i c  \lartiun atiiiosplivrc. miist h, 
CO,, antl tlic other ~?eiir-siirfac.(~ i n g r d e n t s  (itrgon. ni trtr 
gcn) arc quantitatively minor and chemically incart. Chy- 
gcn, if rv(,r prrscmt :it the sitrfwv in significant ariioiints, 
or prodaccd at a finite riltr, has hem largely consiinitd 
hy oxitlaticin nr tlq~lvtcrl hy (’scape. 

B. Temperature 

Calculations based on ;I model u s e d  for stiitly of tlic 
behavior of \&tiles on \ I a n  (Lciqhton ant1 lliirray. 
Ref. 11) gi\*c a mor(’ comprehensive pictiire, in time antl 
space of surface ancl shallo\v subsurface tcmpcrnturcxs 
than pre\ioiisly availahle (Iless, Rcf. E, Gifford, Ref. 13). 
Tlirse calculations agree rathcr n.cll with spot determi- 
nations miitlc ?I? radiometric meam (Sinton and Strong, 
Ref. 14. among othrrs). They suggest an average tcm- 
peraturc% for Jlars hetwwn -SO and - 90‘ C. consitlcr- 
ahly lower than most previous cstimates but just ahout 
at the lower h i i t  set by Leclrrberg and Sagan (Ref. 15, 
p. 11’74). These differcnccxr result in large part from the 
lower computctl nighttime temperatures. Average ;innual 
trmprratures at  10 latitude intcnxls are shown in Tn- 
hlc 1-1. Eetreme temperatnres range from a minimum 
of - 131‘C on the polar caps, reflecfing the cnntlcns a t’ ion 
temperatiire of CO:, to a maximum of 130OC at 30‘ 
soiith latitude. .+nnual cqtiatorial eutrrnics arr 22 and 
- 112°C. :\t the south pole, where the cap tlisappcnrs. 
ilnnual extremes are -28 and -131°C. The seasonal 
range of a\.rrage temperature (Table 1-2) is 16°C at the 
eqriator and 103% at the sortth pole. rcsiisonably clow 
to Smoliichowski’s (Xcf. 16) estimate of 12O’C. The small- 
est srnronal c h a n p  in average daily temperature, aside 
from the constmt temperature of the residual north polar 
cap. is 7-C. ancl it occwrs at 10“ south latitude. 

Koidiere on the \fartian surface is the average annual 
tcmperahire aho\*c 0 ’C, and tempcmturrs hclow O?C 
I xir every night on all parts of thcb planet. For a period 
of roughly two months, centered about the northerit 
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Table 1-1, Calculated average annual temperaturqs 
on Mars 

Lotitude 1 O K  I “C 

~ 9C (south pole) 

80 
70 
60 

~ 50 
40 

- 30 
- 20 
~ 10 

0 (equotor] 

10 
20 
30 
40 

50 
60 
70 
80 
90 (norlh pole) 

160 
142 
165 
173 
183 
198 
204 
207 
2 IO 
21 1 

?IO 
207 
203 
196 
181 
167 
155 
149 
144 (mlor cop1 

113 
~ 1 1 1  
! 08 

~ 100 
- 9 0  
- 75 
~ 69 
- 66 
- 63 

62 
- 63 
- 66 
- 70 

~ 77 
- 92 
- 106 
-118 
-124 
- I 2 9  

Table 1-2. Seasonal ranges in average daily 
temp erdure s with latitude 

Lotitude 

-90 (south pole) 

- 80 
- 70 
- 60 
-50 
- 40 
- 30 
- 20 
- 10 

10 
20 
30 
40 
50 
60 
70 
80 
Og (north pole) 

0 [equotor) 

- 
Highest overage, 

O K  

245 
243 
235 
232 
231 
230 
229 
2 26 
222  
217 
212 
210 
21 1 
212 
212 
212 
210 
20 1 
146 (polor cop1 

lowest average, 
O K  - 

141 
14? I 
142 Polor 

142 
160 
175 
186 
194 
201 
205 
200 
199 
173 

polor 

143 
142 

Difference, 
O C  

~ 

103 
1 T 1  
93 
90 
89 
70 
54 
40 
28 
16 

IO 
21 
39 
69 
69 
67 
58 

4 

lirmisphere sitmmrr solstice, temperatures over the rn- 
tire surface remain below 0OC. h t  other seasons tempera- 
tures above 0°C are attained for at  least a few daylight 
hours on parts of the XIIartiTn surface. This occiirs within 
a zone extending from 70” S to 3OC Iv for intervals rang- 
ing from 1 to 10 Martian months, as shown on Fig. 1-1. 
The area between O9 and 13  ̂N is the most favored, with 
a 10-month interval in which temperatures rise daily 
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ALWAYS 8ELOW 0' C 

0 DAYTIME TEMPERATURE RISES 
ABOVE Oo C OVER PKRIOD 
INDICATED 

NOr'l'H 

20 

I 
l o r  

2 

-10 mo 

'-10 mu 

1 O - 8  ma 

.-7 mo 

-6.5 m0 

mo 

I 
SOUTH 

II., . 1-1. Mars surface temperature 

Tatle 1-3. Diurnal temperature change at southern 
hemisphere solstice on Mars 

At an estimated \iatcr-vnpor prcssrlrc of 3.7 ~.' 10 n 1 1 ~  
watrr ice will form only bc~lo\v - W C .  The computntions 
si iqyst  that such tcmpcri1trlrcs mny prcv:Iil at- shnllo\v 
drpths \vithin thr groiintl polc\v;lrd of Intitutlts -10-50 
in hot11 hcmisphc~res, thus pro\.icling conditions fa\oral>lts 
for prrziafrrist t o  ;i tlcptli of scme tens of meters. It ~ ( K ' S  

not follo\v, of coiirsc, tbat the supply of moisturr. is nwc+ 
snrily aclcquntv to for-in any similicnnt aniorint of sill)- 
surfncc ice. 
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- 
latitude, deg -- 

~ 90 (south pole) 
~ 80 
- 70 
- 60 

~ 50 
- 40 
- 30 
- 20 

~ 10 
0 (equator) 
IO 
20 
30 
40 
50 
6C' 
7r 
8C 
90 (norlb ?le1 

Range, O C  

0 (sti l l  some polor cop) 
97 (still some  frost) 

52 
IM 
119 

127 
130 
132 
1 : 1  
128 
121 
115 
105 
86 

O polor 

COP Ij 0 
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IV. Weathering Processes 
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ficltl on XIurs (Smith c*t (1 , Ref. 31, p. 1242) pvrmit:; solar 
winds to prrss c.losr.ly iipon tl ic 1>liiIi(ut. anc! the thin 
:itmospliert~ al1ow.i inany mc.rK(ntic cosmic antl solar par- 
ticles to reach the sui face. Tllcw coultl promote photo- 
chemical and Iatticv rwctions (Smnlricliowski, Rcf. 16. 
p. 947) that might. in conirinction with thermal cliangc-s 
or other processvs, lead to somr rock a1tvrii:ion. 

In the present state of kno-dedgr. or ignormcr, of 
\ I an ,  it \vodcl seem tlrat tlic formation of rratcrs, 
w l i ~ t l i c ~  1)). mc*troroidal iiiqxit-t or c-sploqivc \dcanisni, 
would far outstrip all weathering proccsses in pmliicing 
fragm-ntnl material. 

V. Transportation on the Martian Surface 

This discussion is most effcctivc4y pursued in compari- 
son wit!i the moon. The rtxliitive scarcity of Martian cra- 
ters 10-20 hin in cliameter, indicated by the “knee” in 

- the integral nrimbvr distribution (Fiq. J-3, App. J), is 
helirved to be real and not an instninienta’ resolution 
effect (Ilartniann, Ref. 35, pp. 567569). Therefore, some 
process or processes of crater eroqion or burial mort. 
effective on \Tars than on the moon arc indicatrcl. 

As a working model it ndl be i mimed that most of 
the Ylartian surface is mantlccl with an impact riibhle, 
probably r i ch  in fines, an<! possibly h y  some debris see- 
ontlarily derived therefrom. I f  the environment of liars 
is as pictured, flnvial antl glacial processes need not lw 
conde rcd .  Frrt-Lt. and thn\v is an .~tremrly c f x t i \ * c  
mechanism for transport on slopes, anti the thermal 
regiaie of hiars is hiqlily favorable in thr. 1O0 S to 30” N 
latitride bit. €Iowever, t h ~  lack of an adcqnatr supply 
of liqiiitl water is fatal. A compnrison of erosive procew’s 
:)osd)ly at work on tlie mooit itntl 3lnrs (Talilr 1-1) sug- 
gests tlidt particu1,:r attentirm should lw given to pelting. 
wind, and thrrmal creep. 

Table L4. Murtian erosion 

~ 

Abrasion 

Eolian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flying impact debris . . . . . . . . . . . . . . . . . . .  

Meteoaidol impact . . . . . . . . . . . . . . .  
Micrometeorite pelting . . . . . . . . . . . . . . . . .  
Freeze-thaw . . . . . . . . . . . . . . . . . . . . . . . . .  
Electrostatic hopping . . . . . . . . . . . . . . . . . .  

Tranrpor!ation 

Eolian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thermal creep . . . . . . . . . . . . . . . . . . . . . . . . .  

Minimot (< moon) 

Strong - _  moon! 

High (>moon) 

<Moon 
Nil (no liqatid woter) 

<Moon 

>Moon 

>Moon 

A. Pelting 

~ictcornitlal impac!ts Imxliicc ;I curtain of flying par- 
ticlvs, hotli primary iliitl secondary, that rffcsct consitlrr- 
a l ~ l c  ahasion ;inti transport. The hlanke: of impact tlcbris 
so foriiird also obscures crateis by hurial. These iirv 
prolxlhly the principal processes of crater motlificcition 
on tlir. mom (S:ioemaker, Ref. 36, pp. 66-68), ;iltliough 
Gold (Rfhf. 37. pp. 11G117) may still fa\’or the mo\.cwirnt 
of clust. 

\lost in\*estign!ors ncccpt ii grratcr nic~tt.oroitl;il flris nt 
Mars than at the inomti, nltliougli thr magnitutltb of thra 
tliffcrcncc is not agrcetl upon. TIic Jlartian atmospherv. 
iilthougli thin, esrrts ;I ret~rtl ing infliimce on flying par- 
tic1c.s produced by impact, and it rcclrices the spectrum 
of micromc.tcwitc particlcs impilcting tl ir 113 r t ’  inn siir- 

face. SoncJthelrss, this atmosplieric influcncc pr.ohnl)l!~ 
does no mort. than lxilancc tlic higher mctcnroitlal flus. 
Pelting coultl he just as effective in crater motlifici~tion 
on hhrs  as on the moon. Rc.low n ct.rtnin critical tliamc1tt.r 
(Shocmakcr, Ref. 36, p. 67), which might be Iargvr on 
l lars than on the moon because of the greater mctror- 
oiild flris, 5Iartian craters should be at lcast as abundant 
as lunnr cratcrs if pelting wcrc the only significant motli- 
fying influencc. Since t1ic.y are not (Fig. 5-3, .lpp. J).  o t h  
erosional processes or a significant secrilar clinnp. in  
cm\.ironmmt is inclicatcd for Jlars. 

B. Eolian Processes 

\Vintl is risiizlly regarcled as an impwtant, i f  not tliv 
most effective, agent of transportation nntl erosion on 
\lnr<. This idra, not endorset! by c*\vqmw (HPSS, R e t .  38. 
p. 292; Tomhaiigli, Rcf .  39, p. IO), is based in part nii  

thc ycllow c!oucls, prcsumcrl to bc ?ust, \vliicli episotli- 
cally obscure parts or mmt of tiit, JInrtian disc. l\‘intl 
transpofis dust by suspemion antl sand grains IIJF trac- 
tion, impact crcep, and saltation (hopping). I f  the sLlrfiic(. 
of Jlars is mantlwi ln.  ‘I riyentetlly poi-rlclctl impact nil,- 
hlv. an  atlcqtiatc soiirw of sand- and dust-sized particles 
prcsiima1,ly cxists. The problem is wli~~ther or not J h r -  
tinn wind velocities arc adrqiinte to pick up ;ind transport 
this material. 

Fine dust is not easil!. p i c k d  r ip  h!. \vintl rinlvss tlis- 
lodged hy some other agent (Bagnold, Ref. 40, p p  90-92 . 
Sdtatinc (lioppingj grains arc onv of the hrst \\.a!’s of 
c!islod~!ing dust (Giffortl. Ref. 41. p. 4391, ,ind s;lltiitioii 
is thv most cffrlctivr modv of s m t l  transport <Riigiioltl. 
hef. 40, p. 37) as well as tlie chief ngcwt of eolian a l m -  
sion. If saltation occiirs. the otlitbr procrsscss and motlvc 
of transportation lwcnme cffecti\.e, but \vitho~tt i t  thry 
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Appendix J 

Crater Frequency Distribution and Age Implication 
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Fig. J-1. (a1 Sine wave response of Mariner IV television system, (b) results of simulation study of model 
shown in Fig. J-2 

Note that np systematic correlation of cmtzr recognitabili(y with crater diameter wos encountered above 10-km simulated diame’er. 

II. Tabulation of Crater Counts 

Tlie procediire for ident;fyinl,: craters and otlicr 3lxtinn 
fc*nnircs recordd in tlie IInrirlrr pictiircs \*:as hascd 
i?titi;illy on a scrips of transparcmt tvork sliwts nrepnrtd 
1)y R. P. Sharp and n. C .  31iirray. These, in him. were 
tlic h r i s  for foiir s cpratc  phases of review snrl inotli- 
ficntion of tlie ACTC illustrationr preparcd in Flagstaff, 
.\rizonn. Finally. n. B. I,rip$ton made un inrkpendcnt 
cratvr coiint iising tlw calihratcd. s1i;irprwc.d. and en- 
l i m i ~ . d  pictures. Hence. tlie counts pi-c.st.ntr.ci here arc 
tlw rcsrilt of int l rytdvnt  analyses within the rspcxri- 
mrntor te;im as n-dl ;is Ienctliy iteration tvitli tlic liiqlily 
qiii\lifid rICTC group in Flagstaff. liea\’ily cspcricncrd 
in ltinar mappin< ant1 charting. 

The counts wcrc siihdivirlr4 at enr;~ stag(- into “tlefi- 
nit<..” “pro1,al)lc.” and “porriI,lc” cntcqorirs. r c f k t t i n ~  tlw 
clcyrcc of  rim prrcerv;itinn ant? Iicnct. east. of recopition. 
Thc lcnrt ccrtnin cateqov w a s  assiqncd in caw of d i q -  
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Fig. J-2. Direct and TV photographs of simulation model 
Note that most cmten evident in N pictures are delineated by shadows. 
a condition not encountered in the actual Mariner flight pictures The 
cmterr on the model are generally much steeper than those photograpbed 
by Mariner IV. 

Overlap I Net 

Table J-1. Integral crater count data, Pictures 7-1 2 

Pictures 

7 . 8  
9,lO 
11.12 

D, km 

19 
20 
57 149 126 332 

5 
10 
I5 
20 
25 
3c 
35 
LO 
50 
60 
70 
93 
90 

lo0 
125 
175 
200 

Number greoter fitan diameter D 

Definite 

57 
41 
28 
25 
17 
13 
11 
7 
2 
2 
1 
1 

1 
1 

1 
I 
n 

-- 
Probable 

149 
102 
74 
51 
36 
23 
18 
14 
9 
5 
4 

2 
2 

-- Possible 

126 
89 
63 
47 
28 
16 
10 
4 

3 
P 

3 
2 
1 

-- 
All 

332 
23 2 
165 
123 
81 
52 
39 
25 
14 
I C  
8 
5 
d 

4 

2 
2 
0 

500 - 

NE 200- 

0 roo- 

2 

x 
lD 

% a 
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2 

20 - 
10 - 
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c 
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Fig. 5-3. Integral crater frequency plot of craters 
recognized in Pictures 7-1 2 

The upper and lower dotted lines give liberal f75?& certainly1 and ron- 
servative limits 199% I. The solid line includes the definite a i d  probable 
categories. rs?imatd to be 90". certain. The error bars are bored on 
rtotistical fluctuation only. The lunar upland curve (dashed) is bosed on 
data of Tmsk IRcf. 591. 

~ 
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Appendix K 

Unenhanced Version of the Pictures 

Picture 1 Picture 2 

Fig. K-1. Pictures 1-1 8: calibrated, unenhanced 

IPL TECHNICAL R E P O ~ T  32-884 169 

t 



Picture 3 Picturr 5 

Picture 6 Picture 4 

Fig. K-1 (cantdl 
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Picture 7 

Picture 3 
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Picture 11 Picture 13 
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Picture 12 

Fig. K-1 Icontd) 
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Picture 14 
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Picture 15 Picture 17 

Picture 16 

Fig. K-1 (cantdl 

Picture 18 
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