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ABSTRACT

A ne w astronomica l  instrument ,  th e v id ico n spectrometer ,  i s
bein g develope d a t  th e fl.l.T .  Planetar y Astronom y Laboratory .
Based o n th e s i l i c o n diod e v id i co n syste m current l y i n us e there ,
a lo u dispersio n pris m i s adde d betwee n th e v i d i c o n imag e tub e nn d
th e telescope ,  a l l o w i n g d i g i t a l  v i d i c o n photograph s t o - b e take n o f
spectra .  Thes e spectr a ar e store d o n magneti c tap e an d computer -
processe d t o creat e in tens i t y vs .  i-iav e lengt h curve s fo r  star s "sm i
planets .  Th e hig h spa t ia l  reso lu t i o n o f  th e v i d i c o n i  m.'ig e tuhe ,
combine d wit h a  highe r  spectra l  resolut io n tha n photomete r  f i  I  tor r >
currentl y  i n us e a t  fl.l.T .  g i v e t h i s ins t rumen t  p o t e n t i a l  i n th y
stud y o f  planetar y surfac e compos i t i o n fro m spectra !  r e f  I  e c  t  i  v  i  tu. .
Procedure s fo r  reducin g th e v i d i c o n image s t o spectr a hnv o b''<; n
to p te d o n a  se t  o f  spectr a o f  tu. o star s an d th e p lane t  Mars .  I t
i c conclude d tha t  th e v id ico n respons e i s no t  l i n e a r -  enoug h u  i  t h
var ia t ion s i n exposur e t i m e a t  lo u l e v e l s o f  i ncomin g l i g h t  fo r
consisten t  sta r  spectra ,  althoug h i t  uork s u e l l  w i t h Mar s clu e t o
th e planet' s  large r  i n tens i t y wher e th e v i d i c o n tub e ha s i t s
poores t  response .  Th e spectromete r  s l i t  i s  s o narro u (on e secon d
of  ar c fo r  th i s data )  tha t  i-iavelength-dependent  ' va r ia t ion s i n
refract io n o f  l i g h t  fro m a  p o i n t  sourc e b y the'atmospher e .cau^ o
r ,\.:\r  spectr a o f  v a r i a b l e q u a l i t y .  Becaus e o f  th e lo u q u a l i t y o f
th e sta r  spectra ,  d i rec t  spectra l  r e f l e c t i v i t y measurement s (whic h

•  ir e obtaine d usin g Mar s t o sta r  ratios )  prove d t o b e i  mposs c  i  b  I  e .
Al thoug h furthe r  test s o f  th e spectra l  an d i n t e n s i t y rer.pon.se .  o f
th e s i l i c o n d.iod n v  i d ico n shoul d b e carr ie d ou t  i n th e laborator y
befor e goo d result s ca n b e guaranteed ,  th e presen t  Mor o spectr a

'IIKH J probabl y b e use d i n conjunctio n l i i t h photometer-derive d
r e f l e c t i v i t y dat a t o expan d coverag e o f  th e surfac e o f  Mars .

Thesi s Advisor :  Thoma s B .  McCor d

T i t l e :  Associat e Professo r  o f  Planetar y .Physic s
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I .  Introductio n

Althoug h tlarine r  9  ha s returne d a  vas t  quan t i t y o f

informatio n abou t  th e plane t  Mars ,  l i t t l e wa s learne d abou t

surfac e composition .  Fro m suc h experiment s a s th e infrare d

spectrometer ,  par t i c l e siz e an d s i l i c a composi t io n wer e est imated ,

but  these ,  determina t  ion s ha d erro r  bar s s o grea t  a s t o b e nearl y

useles s i n reachin g conclusion s abou t  th e composi t io n o f  th e

cur  face  ma te r i a l s o f  Mars .  U n t i l  th e V i k i n g Lande r  i n 137G ,  thpr e

i s n o wa y t o physicall y  look ,  a t  a  Martia n roc k w i t h instruments .

Probabl y th e mos t  usefu l  techniqu e fo r  remotel y sensin g

surfac e compositio n i s reflectanc e spectroscopy .  D o l l f u s (1961) ,

studyin g th e polar izat io n o f  l i g h t  reflecte d b y Mar s , '  conclude d

tha t  l imon i t e ,  a  hydrate' d iro n oxide ,  wa s probabl y a  majo r

constituent .  Hovi s (1365 )  observe d absorptio n band s i n the .  near -

infrare d r e f l e c t i v i t y o f  l i m o n i t e an d suggeste d tha t  the y woul d b e

a diagnosti c tes t  fo r  l i m o n i t e o n Mars .  Saga n e t  a l  (1365 )

compare d absorptio n band s the y observe d i n laborator y specimen s o f

l i m o n i t e t o Do l l f us '  Mart ia n albed o curve s an d conclude d tha t  a

surface  w i t h a t  leas t  som e l i m o n i t e wa s no t  inconsisten t  w i t h th e

data .  Adam s (13G8 )  observe d absorptio n band s betwee n 0. 5 an d 2. 5

micron s i n man y iron-bearin g minera ls ,  th e pos i t ion s o f  whic h

varie d s i g n i f i c a n t l y fro m minera l  t o minera l .  Thes e band s arr a

cause d b y electro n transit ion s i n iro n ion s an d b y v i b r a t i o n a l
i

band s i. n hydroxy l  ion s an d wate r  molecules .  Adam s suggest s tha t



th e absorptio n featur e observe d i n l u l l ' s (13G8 )  geometr i c  albeti o

curve.1 3 no t  inconsisten t  w i t h a  hydr a te d basa l t  composi t ion .  Th n

featur e observe d a t  on e micro n i n thei r  spectr a i s no t  clu p t o i ro n

i n iro n oxides ,  bu t  t o iro n ion s i n s i l i c a t e s .  Adam i  .-m d McCor d

(1969) ,  usin g geometri c  albedoe s obtaine d durin g the -  K' r>7

opposit io n discovere d tha t  curve s fo r  th e b r i g h t  arr-a s h-u l

differen t  shape s tha n thos e fro m th e dar k area s o f  th e M a r t i . i n

surface .  The y conclude d tha t  th e surfac e wa s compn^fu l  o f  a

combinatio n o f  oxidize d basal t  an d hydrate d iro n oxides .  Th e

brigh t  an d dar k area s wer e model le d a s bein g compose d o f  o f  th e

same materia l  i n differen t  degree s o f  ox idat ion .

ttcCor d an d Uestpha l  (1971 ,  se e als o hcCord .  E l i a s ,  an d

Uestphal .  1971 )  observe d flar s durin g th e 196 3 oppos i t io n an d note d

tha t  th e iro n io n absorption s wer e i n d i f feren t  places ,  i n d i c a t i n g

compositiona l  differences .  Seve n area s wer e observed ,  fou r  dar k

an d thre e bright ,  eac h bein g abou t  f i v e Mart ia n longitudina l

degree s i n diameter .  Fro m th i s data ,  muc h compos i t iona l  analysi s

has bee n don e (se e Figur e 1  fo r  example s o f  m inera l  r e f l e c t i v i t i e s

compare d t o Mars) ;  houever ,  fro m suc h a  sma l  I  sample ,

generalization s abou t  th e res t  o f  th e surfac e canno t  b e made .

"  Despit e ove r  twent y add i t i ona l  spot s obtaine d dur in g th e 197 3

opposition ,  suc h interest in g feature s a s th e Coprate s canyo n and ,

th e Hella s basi n remai n uncovered ;  wha t  i s neede d i s uhol e dis k

coverag e a t  h ig h spectra l  an d spa t i a l  resolut ion .  A  ne u
• ' • . :

technique, yidicon spectroscopij, has been developed to ob ta in the
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Figure 1.

Comparison of Mars
dark area reflectivity
to reflectivity of sheet
silicates. Note resem-
blance to the clay mine-
rals, kaolinite and mont-
morillonite.
(Courtesy Dr. Robert

Huguenin)
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..•;' desired high resolution ful I-disk coverage. This thesis describes

that technique.
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II. The V id icon Spectrometer

The s i l i con diode array v id icon 'was o r ig ina l l y developed for

te Iev is ion and picturephone use, but because of i ts large dynamic

range. high quantum e f f i c iency , and linear response, i t is being

used by a growing number of astronomers as a d ig i t a l replacement

for photographic plates. The only advantage a photographic p la te

has over a viclicon is spatial resolution; however, that is not a

l imi t ing factor as atmospheric conditions are the resolution-

l imit ing factor in astronomy. flcCord and Uestphal (1372), Kunin

(1972), and McCord and Bosel (1973) have reported on the

development of a vidicon system for single-frame astronomical

photography at the Planetary Astronomy Laboratory of the

Massachusetts Inst i tute of Technology (MITRAL). Th is sys tem is

based on an RCA s i l i con v id icon tube w i t h a peak quantum

ef f ic iency of 85% at 0.5 microns, s loping off to about 6% at 1.1

microns (see Figure 2). Using f i l t e r s th is system has been

developed as a two-dimensional imaging photometer, using f i l t e r

sets s im i l a r to those used w i t h photometers for spectral

r e f l e c t i v i t y work at fllT. As reported by HcCord and Bosel, a

vidicon spectrometer which would give the spat ia l resolution of

the vidicon combined w i t h a greater spectral resolut ion than such

a vidicon photometer is under development.

The vidicon spectrometer is bas ica l l y an optical sy.tem nhich

is attached to the front end of the vidicon sys^'in on Hi"

^ . - / • . . .
telescope. Schematically it consists of a Iow-di sports ion prir.rn
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throug h whic h l i g h t  fro m a  s l i t  s i tuate d a t  th e focu s o f  th e

telescop e i s passed .  Th e disperse d imag e o f  th e s l i t  i s  the n

refocuse d ont o th e surfac e o f  th e v i d i c o n diod e array .  I n

practic e th i s  i g don e throug h a  syste m o f  mirror s (se e Figur e 3

fo r  deta i ls )  t o avoi d th e infrare d absorptio n o f  lenses .

The v id ico n tub e consist s o f  a  102 4 b y 102 4 arra y o f  revnr •<.( •

biase d diodes .  A  photo n imp ing in g o n th e v id ico n targe t  resul t s

i n a  decreas e i n charg e i n th e diod e i t  reaches .  Th e imag e i s

rea d ou t  b y scannin g th e diod e arra y w i t h a n electro n bea m whic h

recharge s th e diode s a s i t  h i t s them ,  producin g a  curren t

proportiona l  t o th e amoun t  o f  charg e lost .  B y knowin g wher e th e

beam i s a t  an y give n t ime ,  th e in tens i t y a t  eac h loca t io n i n th e

diod e arra y ca n b e known .  Thes e intensi t y e lement s ar e the n

passe d o n t o b e recorde d an d displaye d (fo r  furthe r  de ta i l s o n th e

electronic s o f  a  s i l i c o n v i d i c o n se e Crow e I  I  an d L.abud a (1360)) .

The v id ico n i s rea d ou t  a s 25 0 rou s o f  25 6 imag e elements ,  eac h o f

whic h correspond s phys ica l l y t o fou r  diodes .  I n suc h a  lone r

resolut io n scan ,  les s accurat e pos i t i on i n g i s require d o f  th e

electro n beam .  N< p dat a i s  lost ,  an d th e v id icon' s reso lu t i o n i s

s t i l l  bette r  tha n th e atmospher e a l lows .  Th e i n t e n s i t y imag e i s

amp l i f i ed ,  recorde d o n magneti c tape ,  an d displaye d o n a  slo w sca n

TV monitor .  Thi s imag e i s the n a v a i l a b l e fo r  furthe r  compute r

processing .  Th e spectromete r  syste m i s diagramme d i n Figur e 4 .

A portio n o f  a  v id ico n spectromete r  imag e i s presente d i n

Figur e 5 .  Th e element s alon g th e colum n correspon d t o s p a t i a l
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elements along the s l i t . Uavelength is along the abscissa. The

magnitude of each element is proportional to the current f rom the

vidicon diode array at the t ime a corresponding diode uas read hy

the scanning electron beam. The image is now ready to be turnt-d

into a spectrum.
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Figure 5. A portion of one vidicon spectrometer image of Mars.
It runs from about 0. fyt in the leftmost column to 0. fyt in the rightmost.
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I I I .  Imag e Processin g

The f i rs t  processin g tha t  mus t  b e don e t o th e imag e i s t o

conver t  th e colum n coordinat e in t o wavelength .  Th i s i s  dor:< >

throug h th e us e o f  a  c a l i b r a t i o n function :

C
S= -S 0+ ,\_\»  AOI  an d C  being ,  thre e constant s determine d fro m thre e colum n

number-wavelengt h correspondence s a s fol lows :

s  -. _ g  .  - i - i . - . i
G '  <V*2 )  (S 3-S2)  -  (X 2-X3)  (S 2-Si )

Thes e correspondence s ar e obtaine d b y observin g th e spe c trom e to r

imag e o f  a  c a l i b r a t i o n lam p w i t h know n shar p emiss io n l i n e s  ( -:r" ,

shou n i n Figur e G) .  Fro m t h i s c a l i b r a t i o n .  whic h i  r ,  rerkinr /

p e r i o d i c a l l y  a s dat a i s taken ,  th e wavelength-colum n rr :  I  n t  i  ons h i  p

i s know n (se e Figur e 7  fo r  a n example) .  Th e r e s o l u t i o n a  I  M O

varie s a s a  functio n o f  wavelength ,  a s woul d b e expecte d («=>e< ?

Figur e 8  fo r  a  sampl e dispersio n functio n p lo t te d fro m th e f i r s t

der iva t i v e o f  th e c a l i b r a t i o n function) .

Now enoug h i s know n t o proces s a  spectra l  image .  A  progra m
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FigureG. A spectrum of the calibration source, indicating vidicon intensity
of each vidicon element along one row. Assigned wavelengths are
indicated.
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Figure 7. Wavelength as a function of vidicon column
for a typical calibration function. The three
column (Sn)-wavelergth(Ln) pairs used to
determine the function are given at the top.
Columri number is at the left, wavelength at
right,
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has been.writte n whic h run s a s a  subroutin e unde r  th e Planetar y

Astronom y Laboratory' s  imag e processin g syste m (DIPSYS )  whic h ha s

been se t  u p t o provid e a  metastructur e unde r  whic h v id i co n image s

may b e easil y processed .  A  s i m p l i f i e d diagra m o f  t h i s progra m

appear s i n Figur e 9 .  Th e spectra l  imag e i s rea d of f  th e ru n tap e

by DIPSY S an d store d o n a  dis k wher e i t  i s  a v a i l a b l e t o th e

spectra l  processin g routine ,  whic h ha s thre e basi c tasks .  Th e

f i r s t  an d easies t  i s t o punc h ou t  th o i n t e n s i t i e s alon g on e ro w o f

th e imag e ont o compute r  card s fo r  inpu t  in t o a  p l o t t i n g rout in e

(thi s wa s ho w Figur e 6  wa s produced) .  Second ,  i t  ca n subtrac t  th e

averag e backgroun d fro m th e image ,  colum n b y column ,  wher e th e

row s ove r  whic h th e backgroun d i s t o b e average d ar e rea d fro m th e

inpu t  instructio n cards .  Last ,  an d mos t  important ,  th e progra m

ca n produc e a  ne w Imag e i n whic h al l  o f  th e element s hav e th e same

spectra l  resolution .  Fo r  spectra l  r e f l e c t i v i t y work ,  wher e th e

rang e o f  interes t  i s  0. 4 t o 1. 2 microns, '  a  resolut io n o f  25 0

angstroms ,  th e bes t  resolut io n a t  1. 2 microns ,  wa s chosen .

Figure s 1 0 an d 1 1 sho w th e effect s o f  th i s processin g o n a n imag e

of  th e standar d sta r  X i  2  Ceti .  Portion s o f  thes e image s ar e the n

integrate d s p a t i a l l y alon g th e s l i t .  Du e t o atmospheri c an d

telescop e optica l  effects ,  a  sta r  imag e i s no t  a  po in t ;  i t  i s

smeare d ou t  spat ia l y int o t o a  Gaussia n d i s t r i b u t i o n o f  intensit y

whic h i s a t  i t s maximu m wher e th e poin t  sourc e woul d be .  T o us e

th e f u l l  energ y outpu t  o f  th e sta r  a t  a  give n wavlength ,  th e imag e

must  be  integrate d acros s a l l  row s wher e th e imag e in tens i t y i s
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Figure 11. A portion of the processed image of 42 Ceti from 0.35/a to 0.70/a.
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subtracted out of me vidicou image.



C f l i o
I I 13

l-
2-
*-

•*-

1 -
11-

13-
l* -

-i?-i«-

21-
27-
73-

?/ -

375. . 5 . 4 - - , . -> i

l7 . -? - -3 2fc.Cf.4
7.6 > 7.7;. 5

. !•<?..•;•< 7 $.•••; •
o.v;-^  7 . < ! / <r
*-..»iS. .. ••. Jr.4
3 . 1 17 Ji.1,49

% ) . ? i !' !»•:;>.] 11 5C7.V.4

2.?4J

4.447
3.4 7

37-
31-
31-

41-
*.?-
VJ-
44-
4 i-

. *'t-
47-

_«_•!-„

S<>

57-
53-
54̂
55-
56-

7»,7
'•u.
M r
776
4 -i
144

co;

7', 4
K > 7
".'it

4 .71 I

1 . /T1

f" "

£ 73

•'.->4

115

4>.C7|
!7.7.'« -

.'.* •?
.a. 7

1 .24

1.5 -b
i i . K l  r>
1.2 7

U.347

D-p! a

16 .121
7 .'•'':
2.>:; 7

2S.562
12.199

3.534

.11
'<•
3
4

,o r
46';

i l l 7
'176
55-.

9.142

?."'./

4.769
2.U2
4.967

1 . 17 I
1. 7*4

.Ml'

•:.
. c.

Q
0
C

l i

-ap

!eii
,0:.7

, 7H

:I.067
?Z.-«V/
IZ.#I 7

•-..I  3 1
3.4-r<

i.004
1. I5>
4 . I 4Q

r l i . < - e -

4-j*." . fl

.-.( .«.'•

1 l« .Ji
41.4-.

7. ia

l.-:0 '
••l.Oj ;
0.'- '

C.tt J2

1-.3-4 '.'Ir.o

I . U 5 7.309

.•.!?•••.• oiot'i
7.77? C . 7 25
! ' . 7 7 / ( . 7 82
•j.350 4.577

3 \ . . K ' ,7 S V 1 . 7 IC
l ? - ' l . h - 7 I ' .S l . C I
7 7> .7 - -7 j  15.47')
1 17'..f>0 I- . 1 7 .617
4-4. h. 3 f,31.4».r
>:r i .?s. .•<;(.O'l

> ' 4 . 1 0> t i n . ".fit :
i i t . i f S 3 7 . S 61
S./.?4 I6 .7 ' .7
0- ^9 7 I , lC /
0.7f> 0.426
7.4-JC l . ' - i K j )
C.Cli "  0 .6 in

?,576 2.J6J 1.2'J'>
1 .5SH 2.237 1.478
2.627 1.6'if l .? 2

0 .712 0.634 _ . ? . f ; 7? • 1 .166
O.OOtt O.OCO 7 . I n ' 2.451
4.204 6.337 i.4^' 5 2.J32
C.375 0.496 C.:>f ) U . - 'O O
0.000 .696 l./;44 1 .597
1.342 0.634 1.749 O.t-'J O
c.^cc _ f.i.oPe ,__0.r*3 p.it'.

. 79f>

. nz

.769

.813

.'. i-' l

.',0-1

.372

.363

0.146

J6
41
17
I 1
4

336
756

13I

313
169

0.514
1.740
P.735
6. f i b
l. m: 9

C.CVT

o.oo o
0.73*
C.1S4
0.734
l.t} 2

c!l«4
UN9
1.. 74

1 3 . 1 19
\fi .612

277
446

37i
134
707

51 ' .

41.

36V

233

.737

.324

. 1 67

.714

.242

.274

.578

.147

.153

.260

^•24
, 4 37

4
10

, 433
.25.'
.80*
,4 «.

S44
( .00
c.r

401.379

5.642

COO
Z66

ora

4;Ti 7. 122
73.4 '
17.5-39

._0.7-*J

airoa
d.oao

.0"0

.coc
. C .' -•

7.C "  ""
P.CL O
C.QCC

c.c:o

coo
0>5

1 . - . J3

0
1
3
9

176

, 4 i 3
.776
, 1 7V
.2*13
.445

1 .43')
0.024
0 . 1 77
7 . 1 12

7.SSV.
1 . 3 33

1 1 1. /97
h 51 . 1 2;

7 . 1 (5
r . c^j
•r.5.-3
0 .B7'>
c. oco
C . T 7 1
C.CCO

O.v. u
c.cco
O.crc
o.ooo

. oo c

2.p^t ' -n.ooo
C . 5 /J O . O OO

1.5o-/ C - . C cC

>'..?-i! i < . i .7 ' .? t7
263 js 2-.«,4.;94

»2 4'. '»7.:47

7*7. VM4

1 4 1 . 1 33
!i - . 772
1 1 . 7 51

•1 .072
0.214

l.oM
?.*? «

. L«,30«_ ?• ? 7 1 _J_

.f.'./.

. /'»
0.6.' 7

J.575 -J. 374 1 .177
1>69* 0. J l ^ > 1.9b7
/.•n? 1.3T< 7.7'.?
4.267 5.-J10 J . 6 . .7
3 .»?7 l.V' i 6 .73r >
2.^19 i .762 1. , 3 - »9
t . 7 ' ( 7 1.67? 3 . 2 12

Figure 11.

O.t 1C

4.30*
1.6 - /R

.|US

1.3 ' i f l

"oioi i
0.<»67

4.4-16

0 .343

( . 124

0.455
0.661
t). 3'>0
1 . 4 74

1 . 6 BH
.. 124"
0 .716

? . 7 I <

56.'. 37
K . /t.7
0.001
0.147
o. r - i t i
C.I 56
0.00'»

".376.
' C .7 r>7

""C'.OOO "
l ."7 4
0.551
C-000
0.0 J9
0 -716

~ o.OoC

442. 41
l Z 5 . o l 7
56.457
! 'j.sif .

l . L - 4 7
£.312
0.000
O.OOi '
0.17'»
0. 'J1 4

2.451

H52
2. J04

P.707
..2-''7l
0. J67
0.679

I s .7 5 U 1 /.31 2

HI.? it
64.694

0.000

" 2 . 0 1 3
0.000
C . It,'.
o.coo

1.027
1 . 7 3)

C.6?0
1.P33
1 .477
O.COO
o.oo o

? - f . to- .
S7.6f.>J
7.7B')

0.614

1 . 1 33
0.3K9

c.coo
0.024
>•*? *

"f .roc"
0.024
0.000
. 7 .319
1 .60S
i .144
i.sei
7.936

1115.-)!. 1 J-4..••,•...

•>.i r-. ('.->•; i. ) . 6 >j
7Ji".6''i' , i ' . ' . 4 . J s i >

J5 .94/ . 5 .5 !

o.r.;o
O.oi?o
0.( 0
c .coo
0.000
0.004
1.349

U . « V C

Q.OOO

a. 303
tf .000

0.02a
I . >c

l . > « 77 O.Ci.,0
1.1J1 C-b?1)
0.000 :. t̂
1.0f3 1.514
3.174 13.072
?-COO_ 4.7 o

" t i .377 10.3tC
I3. t>27

O.OCD

o.oco

-. ss;
r.c.T

o.ctc

i - . t f i . 5 i f

i i » . • » ( - • »'

l P f > . 6 : > 4'
T 9 . o i 6

o.ot r
" il. 1<. X

C.oOD

0 .0 )3
7 . 3 /7

3.4C1

7.6->3
17.646

9.344
9.014

A portion of the processed image of g Ceti from 0.35/j to 0.70/u.
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abov e th e background .  Afte r  th i s integrat ion ,  th e spectru m vecto r

i s punche d ou t  ont o card s fo r  p l o t t i n g an d furthe r  processing .  A

:  :  .  mor e advance d versio n o f  th i s processo r  u i  I  I  incorporat e th e

plott ing ,  ratioing ,  an d othe r  function s int o on e DIPSY S subsystem .  •

wher e onl y dis k f i l e s w i l l  b e used .

The f i na l  procedur e neede d fo r  goo d spectra l  r e f l e c t i v i t y

dat a o f  th e surfac e o f  a  plane t  i s  t o kno w fro m wha t  par t  o f  th e

surfac e th e spectru m originates .  A  photograp h i s take n throug h

th e eyepiece ,  lookin g a t  th e s l i t  i n a  mirro r  t i l t e d 4 5 degree s t o

:  th e optica l  axi s o f  th e telescop e (th e f i r s t  surfac e i n Figur e 3) .

^  A  s imi la r  loggin g arrangemen t  i s  use d fo r  photomete r  data .  A

p lo t t i n g progra m ha s bee n wr i t te n t o creat e Calcont p p l o t s o f  th e

coordinat e gri d o f  Mars  (o r  an y othe r  planet )  projecte d ont o a

dis k usin g th e physica l  ephemeri s o f  th e plane t  fro m Th e America n

Ephemeri s an d Nautica l  Almana c an d th e t i m e o f  observatio n i n

Universa l  Time .  Figur e 1 2 i s  a  bloc k diagra m o f  th e program ,

w h i l e Figur e 1 3 i s a  typ ica l ,  al thoug h s m a l l e r  tha n normal .

output .  T o posi t io n th e spectromete r  s l i t  o n th e d  i  ;;. k o f  .th e

planet ,  th e negativ e o f  th e photograp h o f  th e telescop e imny e i s

projecte d ont o th e grid ,  an d th e s l i t  marke d b y hand .  A t  t h i s

poin t  the'origina l  v id ico n image s hav e bee n reduce d t o constan t

resolutio n spectr a o f  star s an d know n posi t ion s o n Mars ;  an d

reductio n t o spectra l  re f l ec t i v i t y data ,  a s w e l l  a s testing ,  ca n

begin .
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PHYSICAL
EPHEMERIS
(1 MONTH)

CREATE TABLE OF
SUB-EARTH POINT
COO"RDINATES AND
APPARENT DIAMETER

RUN CARD:
day of month
UT start of run
UT end of run
caption

ADD HOURLY CHANGE
OF PARAMETERS TO
TABLE

CALCULATE POSITION
OF SUB-EARTH POINT

CALCULATE NUMBER
OF MAPS TO BE DONE
(one per five minutes)

Figure 12.

Flowchart of grid
plotting program.

DRAW LINES OF LATITUDE
in spherical coordinates,hold
0 constant and rotate in 9.
transform so that sub-earth
point is at 0=90°, 0=0° and
project to plane.

DRAW LINES OF LONGITUDE
in spherical coordinates, hold
6 constant and rotate in 0.
transform as with latitude lines.

WRITE CAPTION
object, lime, sub-earth point,
apparent diameter in arc-seconds.

LOG MAP and INCREMENT TIME

GET NEW RUN CARD and
CHECK FOR LAST INPUT
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MRRS
VIDSPEC C
4 OF 4
OCT.18,197 3
T= 8:5 8 U T •
LRT= -17. 3
LONG= 9. 8
DIfl = 21.4 6 SEC

Figure 13. A typical grid plot produced by the program in Figure 12,
the thir d produced for  vidicon spectrometer  Mars run C.
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IV .  Analys i s o f  Data

The firs t  majo r  attemp t  t o us e th e vidico n spectromete r  t o

tak e spectra  fo r  r e f l e c t i v i t y wor k occurre d durin g th e opposit io n

of  Mar s durin g October ,  1973 .  O n tw o consecutiv e n igh t s th e haun a

Kea eighty-inc h reflecto r  wa s traine d o n th e plane t  Mars ,  an d

abou t  7 5 spectr a wer e taken ,  a s w e l l  a s a n equa l  numbe r  o f  spectr a

of  th e standar d star s Alph a Lyr a an d X i  2  Cet i .  X i  2  Cet i  ua s

chose n becaus e i t  wa s nea r  Mar s i n th e sky ,  w h i l e A lph a Lyr a ha s a

spectru m whic h i s  we l l  know n an d i s use d t o calculat e planet/su n

ratio s t o ge t  reflectivity .  Figur e 1 4 demonstrate s th e reductio n-

method s use d t o ge t  spectra l  r e f l e c t i v i t i e s fro m ra n i n t e n s i t y

spectra .  T o avoi d airmas s reductions ,  spectr a o f  A lph a Lyr a an d

Xi  2  Cet i  wer e take n whe n th e tw o star s wer e a t  -th e sam e airmar.r> ,
•

1.38 .  Sinc e star/sta r  ratio s e x h i b i t  l i t t l e va r ia t io n u i t h Io n

airmas s changes ,  th e ra t i o o f  th e tw o star s obtaine d fro m thes o

spectr a ca n als o b e use d t o reduc e r e f l e c t i v i t i e s .i t  oth«-- r

airmasses .  Befor e an y dat a wa s reduced  t o re f  I  FJ C t  i  v i  t  i  r^,

extensiv e testin g wa s don e t o so o whethe r  th e dat a uoul d b e

usable .  Thi s port io n o f  th e thesi s  w i l l  describ e tha t  work .  uoim; i

th e bes t  result s obtaine d t o date .

Figur e 1 5 show s a  hig h resolut io n spectru m o f  A lph a Lyr a

whic h ha s bee n average d ove r  25 0 angstro m segment s t o s i m u l a t e th e

spectromete r  output ,  Figur e 1 6 i s a n Alph a Lyr a spectru m fro m th e
'

vidicon spectrometer from which the v id icon response has bc^n
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AIR MASS CORRECTED SPECTRA

1
MAR S

[

!
STAR1

I

STAR 2
(aLyra )

MAR S

£2Ceti

1

£2Ceti

aLyra

'aLyra M A R S
aLyra

= REFLECTIVITY

Figure 14. Production of spectral reflectivity from
raw spectra. Air mass correction not
not needed if objects to be ratioed are at
the same air mass.
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O.UO O.CO 0.80 i.OO

WflVELENGT H IN MICRONS
1.20

Figure 15. Spectrum of aLyra, averaged over
250 angstrom resolution elements, from
a 50 angstrom resolution spectrum provided
by Steve Kent.
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Figure 16. aLyra spectrum from v id i con spectrometer

with vidicon response' (Figure 2) divided out.
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removed .  Not e tha t  th e pea k i s shi f te d t o a  s l i g h t l y longe r

wavelengt h an d tha t  th e shap e i s  genera l l y broade r  t o abou t  8. 7

microns .  T o tes t  th e r e p e a t a b i l i t y o f  th e data ,  pair s o f  spectr a

of  th e sam e sta r  wer e ratioe d t o eac h other .  Result s o f  on e suc h

pai r  ar e show n i n Figur e 1 7 ( a l l  rat io s plotte d ar e normalize d t o

1. 0 a t  0.57 5 microns) .  Figur e 17 a i s th e ra t i o o f  tw o A lph a Lyr a

spectr a w i t h s i m i l a r  airmasse s (1.40/1.38) ,  bu t  d i f feren t  exposur e

t ime s (5sec/lsec) .  I f  th e respons e o f  th e syste m wer e perfect l y

l inear ,  tha t  is ,  i f  intensi t y recorde d fro m a  give n sourc e i s a

linea r  functio n o f  th e integratio n (exposure )  t ime ,  th e curv e

uoul d b e f la t .  I t  i s obviou s tha t  i t  i s not ;  however ,  .th e

r e l a t i v e l y f l a t  regio n correspond s w i t h th e pea k i n tens i t i e s o f

th e spectra ,  s o i t  ma y b e tha t  lo w leve l  s ignal s ar e nonlinea r

representation s o f  th e intensi t y receive d fro m th e star .  T o tes t

th i s idea ,  a  'pedestal '  wa s se t  u p unde r  th e spectrum. .  A M

in tens i t i e s belo w a  certai n valu e woul d b e ignored ,  an d possibly ,

th e nonlinea r  feature s o f  th e curv e woul d g o away .  Figures.17t a

and 17 c sho w th e result s o f  i n s t a l l  in g pedesta l  s  o f  30 0 an d 408 ,

respectivel y (th e maximu m in tens i t y registerabl e i s 4095) .  a

pedesta l  o f  30 0 seem s t o hel p fro m 0. 5 t o 0. 8 microns ,  bu t  a

large r  pedesta l  doesn' t  he l p a t  a l l .  Figur e 1 8 show s  ,t  s i m i l a r

ra t i o fo r  tw o X i  2  Cet i  spectr a w i t h s l i g h t l y d i f f e r e n t  airman.';" ;

(1.67/1.32 )  an d d i f fe ren t  exposur e t i m e s (20sec/15p(-;c )  .  Oner ?

agai n th e curv e i s  r e l a t i v e l y f l a t  ove r  th e pea k i n incomin g

energy ,  th i s t im e fro m almos t  0. 4 t o 0. 8 microns .  (Figur e 1 9 i s a
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Figure 17a. Ratio of two aLyra spectra, all elements

above background included.
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1.00 1.2 0

SniYRSG /  SRLYR83
Figure 17b. Ratio of same two oLyra spectra,

this t ime including no elements less than 300.
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SRIYR86 /  SRLYR83
Figure 17c. Ratio of same two a Lyra spectra,

this time including no elements less than 400.
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0.4 0 0.6 0 0.8 0 1.0 0

WflVELENGTH I N MICRONS
1.2 0

SXCT112 / SXCT1214
Figure 18. Ratio of two £2 Ceti spectra, including

all image elements above background.
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typica l  X i  2  Cet i  spectrum) .  th i s t ime ,  however ,  ther e i i  a

smoot h uptur n whic h ha s som e undetermine d s ign i f i cance .  Thur..; .

sta r  ratio s see m t o b e usable ,  a t  best ,  fro m 0. 4 t o 0. 8 microns .

Now tha t  ther e i s som e ide a a s t o th e r e l i a b i l i t y rang e o f

th e spectrometer ,  indef in i t e thoug h i t  ma y be ,  th e Mar s spectr a

ca n b e observed .  Figur e 2 0 i s a  t yp ica l  Mar s spectrum ,  summed

over  f i v e vidico n element s dow n th e s l i t .  Not e tha t  th e pea k i s

i n th e red ,  rathe r  tha n th e blu e l i k e th e tw o stars '  spectra .

Thi s i s becaus e th e star s ar e bot h o f  spectra l  typ e A0 ,  u h i l e th e

sun ,  whic h i s providin g th e l i g h t  whic h i s ref lecte d fro m Mar s i s
V •

a cooler ,  redde r  typ e G .  Figur e 2 1 show s a  saturate d spectru m o f

Mars .  Th e pea k intensit y o f  409 5 i s surpasse d fro m 0. 5 t o 1. 0

microns ,  althoug h aroun d 1, 1 microns ,  th e signa l  i s unsaturated .

O r i g i n a l l y i t  wa s though t  tha t  th e unsaturate d port ion s o f  a

saturate d spectru m coul d b e use d t o exten d th e rang p o f  a n

unsaturate d spectru m whic h ha d a  ver y lo w signa l  beyon d 1. 1

microns .  Th e dat a show ,  u n l u c k i l y ,  tha t  ther e i s I  i t t I e o r  n o

overla p betwee n the  goo d signa l  fro m one  and  the  goo d signa l  fro m

th e othe r  typ e o f  spectrum .  Onc e again ,  a n at temp t  wa s mad e t o d o

aiicu j  w i t h low ,  nonlinea r  s ignal s w i t h a  pedestal .  Figure s

22a,b,an d c  shm i  the  progressiv e change s as  pedestal s of  300  and

400 ar e subtracte d fro m th e o r i g i n a l  spectrum .  Rat io s o f  Mar s

image s see m t o b e mor e consisten t  tha n thos e o f  sta r  images .

Figure s 23a,b,an d c  an d 24a,ta,anc l  c  ar e th e result s o f  r a t i o i n g

di f feren t  image s o f  Mar s t o eac h other .  Th e thre e image s use d



o
o»
K-
fcO

•V*

page 37

*

8

§

^0 O.SO
WAVELENGTH IN

0.80 1.00 LtO

SXCT112 INTEG.
Figure 19, A typical  ̂Ceti spectrum. Note that

the peak is at a longer wavelength and
the shape is broader than o Lyra.
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Figure 20. A typical Mars spectrum



page 39

8

*

8
•H-i-
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SMflRSC- 5 INTEG .
Figure 21. An overexposed spectrum of Mars.

Arrows indicate intensities reading greater
than 4095 in at least one element of the image
which went into the resolution element.
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Figure 22a. Mars spectrum
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Figure 22b. Mars spectrum with pedestal of 300.
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Figure 22c. The same Mars spectrum with a pedestal

of 400.
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wer e take n w i t h i n 1 5 minute s o f  each  other .  Th e sam e por t io n o f

th e imag e wa s use d i n eac h case .  Eac h i s a  on e m i n u t e exposure .

Not e th e f l a t  curv e fro m 8. 5 t o 1. 1 micron ,  i n d i c a t i n g bet te r

repea tab i l i t y than  fo r  th e stars ,  poss ib l y du e t o mor e sign: )  I

abov e a  nonlinea r  leve l .  A s th e pedesta l  i s increased ,  som e o f

th e apparentl y goo d dat a i s  lost ,  bu t  th e nois e i s gon e b y th< ?

t im e a  pedesta l  o f  40 8 i s use d (c )  .  Th e Mar a spectr a ar e probnbli j

recoverable .
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Figure 23a. Ratio of two Mars spectra.
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Figure 23b. Ratio of two Mars spectra, each of which

has a pedestal of 300.
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Figure 23c. Ratio of same two Mars spectra, this

time with a pedestal of 400 under each.
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Figure 24a. Ratio of two Mars spectra, without pedestals.

-



page 48

OD

8
•̂ TaT

I i 8 i i
0.60 0.80 t.OO

WRVELENGTH IN MICRONS

i 1 1 i i
1.20

SMflRSC-9 / SMRRSO1
Figure 24b. Ratio of two Mars spectra, each of which
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V.  Recommendation s fo r  Futur e Us e o f  the .  Vidico n Spectromete r

Althoug h i t  appear s tha t  i t  w i l l  b e imposs ib l e t o d o spectra l

r e f l e c t i v i t y wor k usin g th e v i d i c b n spectromete r  clu e t o a n

i n a b i l i t y t o m e a n i n g f u l l y ra t i o star s an d planet s ove r  a  usefu l

range ,  th e instrumen t  ha s advantage s whic h w i l l  mak e i t  wor thwhi l e

t o develo p i t .  Th e combinatio n o f  goo d spectra l  resolut io n (25 0

angstrom s o r  better ,  compare d t o 30 0 angstrom s fo r  a  f i l t e r

photometer) ,  w i t h complet e spectra l  coverag e an d hig h spat ia l

resolutio n indicat e muc h promise .  I t  appear s tha t  th e l i m i t i n g

""" V • • facto r  w i l l  b e th e respons e functio n o f  th e v id ico n tube ,  w i t h it s
V

non l  inear i  t  ie s i n wavelengt h an d intensity .  Onc e mor e la b wor k i s

done t o quantif y knowledg e abou t  th i s problem ,  th e instrumen t  w i l l

be read y t o gathe r  mor e data .  Anothe r  proble m whic h ma y affec t

th e sta r  spectr a i s th e proble m o f  d i f f e r e n t i a l  d i f f r a c t i o n o f  th e
I

star' s  l i g h t  b y th e earth' s  atmosphere .  Differen t  wavelengths ,

di f f racte d a t  s l i g h t l y differen t  angle s woul d sho w u p a t  d i f f e ren t

posit ion s i n th e smeare d ou t  sta r  spectrum ,  an d i f  th e s l i t  i s

smal le r  tha n th e apparen t  diamete r  o f  th e star ,  par t  o f  th e sta r

spectru m woul d b e lost ,  i n a  uavelength-preferen t  i  a l  mannor .  Tl ir -

solutio n i s t o wide n th e s l i t ;  al thoug h th e opectra l  r eso lu t i o n

at  th e v id ico n woul d b e reduced ,  th e spectru m woul d h e muc h mor e

re l i ab le .  Bu t  wha t  abou t  th e Mar s dat a fro m flaun a Kea ? U i t h th e

_^  hig h spat ia l  resolut io n an d apparen t  goo d respons e o f  th e v i d i c o n ,

somethin g shoul d b e recoverable .  Th e plane t  i n th e s l i t  occupie s
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up t o 3 5 element s i n a  v id ico n colum n whe n i t  i s  abou t  2 3 ar c

second s i n diameter ,  an d th e s l i t  i s  tw o element s wide ,  so ,  i - i i t h

good seein g o f  1. 5 second s o r  less ,  ther e ar e f i f tee n spectr a pe r

spectromete r  image .  Luckily ,  th e s l i t  passe s ove r  som e photomete r

spot s tha t  wer e take n w i t l f i i n day s o f  th e v id ico n spectromete r  run .

a l l o w i n g re la t i v e r e f l e c t i v i t i e s t o b e obtained ,  b a s i c a l l y

extendin g th e photomete r  dat a fo r  mor e complet e surfac e coverage .

For  example .  Figur e 2 5 show s th e posi t io n o f  th e s l i t  o n th e

planet' s dis k durin g on e run .  Th i s on e s l i t  passe s throug h th e

Coprate s canyo n a s w e l l  a s a  larg e dus t  stor m t o th e southwes t  o f

Coprates .  Usin g a  photomete r  spo t  a s a  standar d an d mod i f y in g

resolutio n t o matc h th e photometer ,  som e interestin g dat a shoul d

be forthcoming .
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Figure 25. Position of one set of spectra across the
disk of Mars. Latitud e and longitude of
the sub-earth point, S, given.
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• Determination of Martian Surface Spectral Reflectivity from 0, 4 to 1,1 fj.
Using a Vidicon Spectrometer

A Proposal for a thesis toward the degree of Master of Science

By Douglas J. Mink

I propose to analyze the spectral reflectivity of Mars from (X 4 to 1, ly.
using the vidicon spectrometer system developed at the MIT Planetary Astro-
nomy Laboratory. This system consists basically of a slit at the focus of a
telescope, from which light goes through a low resolution prism. The spectrum
produced is imaged on a vidicon image tube which is read out onto magnetic
tape0 The image produced has wavelength nonlinearly along one axis and
spatial variation along the slit as the other axis. A prism dispersion function
is used to calibrate wavelength to image column coordinate, and a photograph
of the slit superimposed on the telescope image of the planet is used to deter-
mine spatial position.

About one hundred spectra were taken at Mauna Kea Observatory during
the opposition of Mars in October of 1973 by members of the Planetary Astro-
nomy Laboratory staff. Reduction of the data involves ratioing the intensity of
light received from the planet, through known standard stars, to the sun8 s
emitted radiation, thus obtaining the reflectivity of the planet9 s surface as a
function of wavelength. This function has been shown to be an indication of
the composition of the surface. Analysis has included hand-reduction of
spectra and development of a computer program to plot a coordinate grid for
a planetary disk from physical ephemeris data, A computer reduction system
is being developed to handle the data..

Geological implications of the reflectivity spectra wil l be discussed,
based on comparison with spectral reflectivity analysis of various minerals.
Mineral content of Martian surface materials wil l be discussed in relation
to various theories of Mars' composition, although extensive interpretation
is beyond the scope of this thesis.


