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1. INTRODUCTION 

This  document i s  the  second volume of a f i v e  volume 
series dea l ing  with the use of imaging sensor systems i n  the 
unmammed exp lo ra t ion  of the p l ane t s .  Volume I - Technical 
Summary p resen t s  a genera l  desc r ip t ion  o f  the e n t i r e  study 
and summarizes the  r e s u l t s .  This  volume descr ibes  the  sci- 
e n t i f i c  ob jec t ives  of p lane tary  explora t ion  and i d e n t i f i e s  
those ob jec t ives  f o r  which o r b i t a l  imaging systems a r e  ex- 
pected to be most usefu l .  Volume I11 - Orbi t  s e l e c t i o n  and 
Def in i t i on  de f ines ,  f o r  each s c i e n t i f i c  ob jec t ive ,  those 
o r b i t s  which appear t o  be mos t  s u i t a b l e  f o r  imaging exper i -  
ments, while Volume IV - Imaging Sensor Systen Scaling Laws 
desc r ibes  the d i f f e r e n t  imaging systems and presents  methods 
of e s t ima t ing  sensor system weights ,  power requirements,  da t a  
ra tes ,  and o the r  support  requirements. F i n a l l y ,  Volume V - 
Support Requirements f o r  Planetary O r b i t a l  Imaging t abu la t e s  
these support  requirements f o r  those imaging systems which 
are i d e n t i f i e d  i n  Volume 11 as use fu l  i n  the context  of a 
s p e c i f i c  s c i e n t i f i c  ob j ec  t ive . 

r ived  and used i n  the course of the s tudy,  i s  a d e t a i l e d  ver -  
s ion  of an exp lo ra t ion  ob jec t ive ,  
considered i n  concer t ,  make up an ob jec t ive ,  For example, i f  
a s c i e n t i f i c  ob jec t ive  i s  " t o  understand p lane tary  c r u s t a l  
s t r u c t u r e  ," the observables which he lp  i d e n t i f y  the c r u s t a l  
s t r u c t u r e  are "contacts ,  l ayer ing ,  a t t i t u d e s  of rock u n i t s ,  
and s t r u c t u r e  of sur face  features" .  A search f o r ,  and measure- 
ment o f ,  these observables c o n s t i t u t e s  a series of measure- 
ments i n  support  of the ob jec t ive ,  I t  i s  i n  t h i s  context  
t h a t  the observable desc r ip t ions  are used - t o  i d e n t i f y  the 
measurement requirements i n  support  of the explora t ion  ob- 
jectives.  

An observable ( i . e . ,  observable p rope r ty ) ,  as de- 

Many observables,  when 
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Two major functions are incorporated in the 
description: (1) determination of the applicability of 
remote sensing, and (2) identification of the usefulness of 
imaging in support of the objectives. The same logical se- 
quence is used throughout all 92 descriptions as follows: 

(1) Definition - defines the observable in the context of the 
exploration objective. In some cases fairly 
restricted definitfons are necessary. 

(2) Phenomena - indicates the ways in which an observable 
manifests itself. This may be by emission 
or absorption spectra, by texture, color- 
ation, or hardness, etc. 

( 3 )  Possible Techniques - these are deduced directly from the 
phenomena, They are conceptual measurement 
techniques and do not relate directly to any 
form of instrumentation. For example, typi- 
cal possible techniques for measuring color- 
ation are multispectral remote sensing, spec- 
trometry, colorimetry, surface sampling, etc. 

and the phenomena to which they apply, a 

determination of the applicability of remote 
sensing is made. Remote sensing, in this 
study, is restricted to mean detection of 
electromagnetic radiation of any wavelength 
from orbital altitudes. In situ measure- 
ments and Earth-based remote sensing are 
specifically excluded. 

If remote sensing is applicable, then the following sub- 
sections are completed: 

( 4 )  Remote Sensing .. On the basis of the possible techniques 

(5) Measurement philosophy - indicates the nature of the 

( 6 )  

measurements which utilize remote sensing. 
Coverage & Distribution - states how much of the planet 
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should be iqvestigated and how the measure- 
ments should be distributed over the planet. 

(7) Scale of observable - the characteristic size of the observ- 
able in planetocentric terms. If, fok. instance, 
craters are being investigated, then the 
characteristic size of craters of interest is 
stated. 

Spatial resolution - quoted in planetocentric terms and 
based on the scientific requirements of the 
measurement. 

(8) 

Items ( 6 ) ,  ( a ) ,  and (8) a11 relate to the geometrical con- 
straints imposed on the measurement. These are important in 
assessing the usefulness of imaging, since imaging implies 
a two-dimensional array of data points. 

( 9 )  Acquisition Time - based on the rate of change of the 
observable with time. The acquisition time 
is the maximum time which can be spent ob- 
taining one set of data on the observable. 

(10) Repetition Rate - the frequency with which sets of data 
must be collected. It also is based on the 
ttme rate of change of the observable. 

Items (9) and (20) are used to define the requirement for an 
essentially simultaneous collection of a set of data, such as 
is automatically provided in an image. 

(11) Spectral Band & Resolution - a specification of the 
spectral region which is of interest, 

(12) Imaging - here a judgment is made as to whether imaging 
adds useful information over and above that 
which can be obtained simply from remote 
s ens ing 
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(13) Imagers - where imaging i s  ind ica ted  as use fu l ,  an 
i d e n t i f i c a t t o n  of imagers i s  made and t h e i r  
usefulness  i s  g r o s s l y  est imated f o r  each 
p l ane t .  

The complete l i s t  of imagers thus i d e n t i f i e d  i n  the observable 
d e s c r i p t i o n  i s  used as an input  t o  the imaging sensor system 
subtask and t o  the determination of experiment subsystem re- 
quiremen ts. 

imagery i s  u s e f u l  are u t i l i z e d  i n  the measurement d e f i n i t i o n  
subtask which r e s u l t s  i n  s p e c i f i c a t i o n  of planet-dependent 
imaging measurements and des i red  ope ra t iona l  condi t ions.  

The desc r ip t ions  of those observables f o r  which 
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2, OBSERVABLE DE SCRIPTIONS 

The following series of desc r ip t ions  are grouped 

i n t o  the following ca t egor i e s :  

P lane tary  Composition 

P lane ta ry  S t ruc ture  

Active P lane tary  Processes ,  

A tmo spher ic  Compo s i t ion  

Atmospheric S t ruc ture  

Active Atmospheric Processes 

F i e l d s  

Active Bio ta  

E x t i n c t  B io ta  
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2.1 Planetary Composition 



2.1  P lane tary  Composition 

A. Objective: Mean Density o f  P lane t  

1. Mass 

2. Radius 

3 .  Oblateness 

B. Object ive:  Gross Elemental. Composition of Crust 

1. Elemental abundances 

C. Object ive:  Surface I so top ic  Rat ios  

1. I so top ic  abundances 

D. Object ive:  Composition of  Surface Materials 

1. Petrology 

2. Mineralogy 

3 .  Liquids 
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OBJECTIVE: Mean Density of the  Planet  

Observable: Mass 

Def in i t ion :  The g r a v i t a t i o n a l  mass of a p lane t .  

~ Phenomena: The acce le ra t ion  due t o  g rav i ty .  

Poss ib le  Techniques: Tracking (microwave and v i s u a l )  of n a t u r a l  
o r  a r t i f i c i a l  s a t e l l i t e s .  Tracking (v i sua l )  of 
p l ane t s ,  a s t e r o i d s ,  o r  comets ( fo r  pe r tu rba t ions ) .  
In  s i t u  sur face  and o r b i t a l  gravimetry. 

Remote Sensing;: Not appl icable ,  technique independent of d i r e c t  
p lane tary  sensing. 
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OBrnCTPVZ : Mean Density of the Planet 

Ob s ewable : Radius 

Definition: The distance in km from the center of the planet to 
the surface (usually the equator). 

Phenomena: Visual diameter of the planet, surface elevations, 
length of arc on the surface. 

: In situ surface survey, remote (microwave and 
laser) macecraft altimetry. earth-based (vis- - *  
ual and microwave) .occultation observations 
(occultation of stars or spacecraft), remote 
(visual) (full disk) diameter measurements. 

: Useful 

: Measurement of the planetary radiiwith an 
accuracy of 1 part in 10 
studies of planet. Need average equatorial 

eliminate topographic effects. 

4 needed for physical 

,radius, approximately 100 measurements to 

Moon I Accomplished by astronomical methods and by Lunar 

Mercury - Present accuracy 1% (Ash, Shapiro, & Smith 1967) 
Mars I Present accuracy 0.1% (Mariner IV results). 
Venus - Present accuracy perhaps 0.2% (Ash, Shapiro & Smith 1967). 
Jupiter - 

Es Orbiter Program e 

Search to determine if there is a definable solid body 
radius, 

: Measurements should be uniformly 

Scale of Observable: 
Moon - 1500 km 
Mercury 2500 km 
Mars cu 3500 km 
Venus s 6500 km 
Jupiter - 75,000 km 

. 
Moon - 0.1 km 
Mercury - 0.2 km 
Mars E 2  8 . 3  km 
Venus I 0.6 km 
Jupiter 0 7 k m  

Approximate planetary radii 

Resolution needed for 1 part in 
10 accuracy 4 

: Not a ~ ~ l i ~ a b l ~ ~  observable is not time-dependent 
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Mean Density of the Planet  - Radius (Page 2)  

Measurement Repet i t ion  Rate : Not appl icable ,  observable i s  not  
time-dependent. 

S p e c t r a l  Band & Resolution: 

0 

Mercury - V i s i b l e  broadband (4000-7500A), radar  (1-100 cm), 
Moon Mars 1 v i s ib l e  o r  I R  laser 
Venus - Radar (3-100 cm), dense atmosphere makes v i s i b l e  

J u p i t e r  - V i s i b l e  broadband (400-7500A) t o  determine v i s u a l  
sensing unl ike ly .  0 

d i s k  r a d i i ,  no t  s o l i d  sur face  r a d i i .  

Imaging: O f  marginal value.  Unlikely t o  achieve des i r ed  
accuracy, f e w  da t a  poin ts  required,  non-imaging remote 
techniques are far more accura te  a t  present  and near-  
f u t u r e  s t a t e -o f - the -a r t .  
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OBJECTIVE: Mean Density of 

mable: Oblateness 

Definition: The oblateness of the planet as defined by (re-r )/re 
where re = equatorial radius and r 
(see comments) e 

P 
= polar radius P 

Phenomena : Acceleratian due to gravity, visual planetary diameters, 
surface elevations, length of arc on the surface 
(Kuiper et al. 1954). 

: Tracking (microwave &,visual) of natural or 
artificial satellites, in situ surface gravi- 
metry and surveying, earth-based (visual and 
microwave) occultation observations of stars 
and spacecraft, remote (microwave & laser) 
spacecraft altimetry, remote (visual) diameter 
measurements, and in situ orbital gravimetry. 

Remote Sensing: Useful 

Measure dynamical and optical figures (see 
comments) to one part in 104. Radii 
measurements are heeded at numerous (~100) 
latitudes and longitudes. 

: (~100) radii measurements are 
needed at different latitude and 
longitudes with emphasis on polar 
and equatorial regions. 

Observable: Current estimates of oblateness are: 

Moan - Very small due to slow rotation 
Mercury - Probably very small due to slow rotation, 
Mars - 0.00525 (dynamical), perhaps 0.012 (optical) 
Venus - Probably very small due to slow rotation 
Jupiter - 0.065 (dynamical), 0.061 (optical) 
SDatial Resolution: 

Moon - 0.1 km 1 
Mercury - 0.2 km [ 4 Mars - 0.3 km To obtain one part in 10 accuracy 
Venus - 0.6 km j 
Jupiter - 7 k m  ! 

: Not applicable, observable is not time-dependent 
: Not applicable, observable is not 
time-dependent 
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Mean Densi ty  of the Planet - Oblateness (Page 2 )  

S p e c t r a l  Band & Resolution: 

Moon V i s i b l e  (4000-750OA), r a d a r  (1-100 cm); Laser i n  
Mercury vis ible  o r  I R  
Venus - Dense atmosphere w i l l  make v i s i b l e  sensing of su r face  

J u p i t e r  - V i s i b l e  (4000-75OOA), (measurements n o t  of su r f ace ,  but  

0 

un l ike ly ,  r a d a r  (3-100 cm). 

of v i s ib l e  d i sk ) .  

Imaginq: Of marginal value.  Not l i k e l y  t o  achieve requi red  
accuracy. Few d a t a  po in t s  required.  

Comments: There are of f igu res ,  t he  f i r s t  i s  the o t i c a l  
f i g u r e  as def ined by @ -r 
fi u r e  which i s  pe r tu rba t ion  theory (Loomis 

d i r e c t l y ,  the  second i s  the  dynamica + 
‘h These two types of f i g u r e s  are i d e n t i c a l  i f  the p l a n e t  i s  
i n  hydros t a t i c  equi l ibr ium. Both va lues  are required i n  order  t o  
eva lua te  any d i s e q u i l i b r i u m .  
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0B;OECTIVE: Elemental Compos$.tion o f  t he  Crus t  

Observable: Elemental abundances 

Def in i t i on :  The percentage abundances of t he  major c r u s t a l  cm- 
s t i t u e n t s  such as 0, S i ,  A l ,  Fe, Cu, Na, Mg, and H. 

Phenomena: Chemical and atomic p r o p e r t i e s  of su r f ace  materials, 
atomic abso rp t ion  and emission spectra. 

: Remote sens ing  o f  x-ray absorp t ion  and 
emission l i n e  edges; i n  s i t u  su r face  sampl- 
ing  f o r  chemical a n a l y s i s ;  mass spectroscopy; 
W - v i s i b l e  emission spectroscopy; i n  s i t u  
s u r f a c e  a - s c a t t e r i n g ,  neutron a c t i v a t i o n  
and y-ray spectroscopy. 

Useful  

Measurement Philosophy: 
Determine the  average elemental  abundances of  t h e  su r face  over 
the whole p l a n e t  and i n  l o c a l  regions.  1% accuracy i n  composition 
i s  des i r ed .  

All major terrestr ia l  c r u s t a l  elements are of importance, 
Mars 
Venus - A l l  major t e r res t r ia l  c r u s t a l  elements are of importance 

wi th  s p e c i a l  i n t e r e s t  i n  C (due t o  high C02 
con ten t )  e 

atmosphere 

J u p i t e r  - P a r t i c u l a r  emphasis on H, He ,  0, C, N due t o  NH3, CH4, 
He ,  and poss ib ly  H20. HZ 

Approximately 100 data p o i n t s  d i s t r i b u t e d  over p l a n e t  a t  random, 
but  known p o s i t i o n s .  

P a r t i c u l a r  i n t e r e s t  i n  po la r  regions and i n  d i f f e r e n c e  
Mercury between l i g h t  and dark areas 

Venus - Surface  cond i t iQns  poorly known. 
J u p i t e r  - Surface  cond i t ions  unknown. 

Mars Moon 1 ,, 
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Gross Elemental Composition of the Crust - Elemental abundances (Page 2) 
Scale of Observables: 

Moon 
Mercury Need averages over 100 Jan areas for regional studies. 
Mars 

~ Venus 

Jupjlter - Interested only in planetary average, if a definable 
surface exists. 

Spatial Resolution: Resolution elements 100 kin, each resolution 
element can be a dat? point. 

Acquisition Time: 

Moon Not applicable, phenomena not time-dependent 
Mercury 
Mars 
Venus - Surface conditions not well known. 
Jupiter - Surface condition not known. 

- May be some seasonal and diurnal variations (H20 or C02 frost) 

Measurement Repetition Rate: Not applicable 

Spectral Range and Resolution: 

Moon 
Mercury 
Mars 

Venus 
Jupiter clouds and thick atmosphere. 

Imagine: Of marginal value. Orbital spectroscopy can be expected 

y-ray spectroscopy (0.002-0.38) with X/Ah>100; 
x-ray spectroscopy (0.3-ZOO&) with l / ~ ~ o o ;  
W spectroscopy (1000-40008) with X/AX*1000. 

Spectral range of interest will not penetrate dense 

to give more accurate information than orbital imagery 
and few data points are required. 

Comments: W probably not applicable to Mars because of blue 
haze. Radar reflectivity may give some gross infor- 
mation. 
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OBJECTIVE : 

Observable : 

Definition: 

Phenomena: 

Surface Isotopic Ratios 

Isotopic abundances 

The percentage abundances of isoto es of crustal 
elements such as 0 16 , 018, s32, 
u238 $35 

Nuclear properties of crustal materials, atomic 
absorption and emission spectrum (Jacobs et al, 
1959). 

Y 
c13, c14 

s- 9 

Y 

Possible Techniques: In situ surface sampling for mass spec- 
troscopy, W-visible emission spectro- 
scopy, neutron activation, and y-ray 
spectroscopy. 

Remote Sensing: Not applicable. Careful selection of 
samples is required for proper interpretation; 
gross sampling is of little value in deter- 
mining accurate isotopic abundance. 



OBJECTIVE: Composition of Surface  Materials 

Observable: Petrology 

Def in i t i on :  The types of rocks such as g r a n i t e ,  b a s a l t s ,  d i o r i t e s ,  
sands tones l i m e s  tones , gne i s ses  , s c h i s t s  rn 

Phenomena: Chemical, physical, and nuc lea r  p r o p e r t i e s  o f  t he  
material: x-ray d i f f r a c t i o n ;  emission and absorp t ion  
spectra;. p o l a r i z a t i o n ,  r e f l ec t ion ,  and t ransmission 
p rope r t i e s ;  W, v i s u a l ,  and I R  r e f l e c t i v i t y  (albedo); 
W luminescence; and I R  e m i s s i v i t y  (Huang 1962). 

Poss ib l e  Techniques: I n  s i t u  sampling f o r  chemical a n a l y s i s ;  W, 
v i s i b l e ,  and mass spectroscopy; x-ray d i f -  
f r a c  tometry; hand specimen and t h i n  s e c t i o n  
examination; i n  s i t u  su r face  a - s c a t t e r i n g  
and neutron a c t i v a t i o n ;  Remote W, v i s i b l e  
and I R  narrow band photometry; Remote I R  
spectrometry and photometry. 

Remote Sensing: Useful  (see Comments) 

Measurement Philosophy: 

Determine l i t h o l o g y  and d i s t r i b u t i o n  of rock  u n i t s  over t h e  su r face .  

Moon - I d e n t i f i c a t i o n  of rocks on r eg iona l ,  local ,  and d e t a i l e d  
scale and map on l o c a l  and d e t a i l e d  scale.(maps on re- 
g i o n a l  scale a l r eady  exis t - USGS Lunar S t r a t i g r a p h i c  
Mapping Program). 

Mercury\- I d e n t i f y  and map rock u n i t s  on r eg iona l  and l o c a l  scale. Mars 
Venqs 
J u p i t e r "  - The normal concept of pe t ro logy  probably is i napp l i cab le  

even i f  J u p i t e r  has a de f inab le  su r face ,  because of the  
probable composition of t he  su r face ,  i . e . ,  s o l i d  o r  
l i q u i d  H2, He ,  o r  H20. 

P l ane ta ry  Coverage & D i s t r i b u t i o n :  

Moon - T o t a l  coverage on l o c a l  scale, some d e t a i l e d  inves t iga -  

Mercury 
Mars 1 
Venus 
Jup i t e r  - I f  d e f i n a b l e  s u r f a c e  e x i s t s ,  some reg iona l  information 

t i o n  i n  areas of special  i n t e r e s t .  

To ta l  coverage on r eg iona l  s c a l e ,  some l o c a l  and d e t a i l e d  
i n v e s t i g a t i o n  of  areas of special  interest. 

may be requi red .  
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Composition of Surface  Mater ig ls  - Petrology (Page 2)  

Scale of Observable: 

Mercury Terrestr ia l  and lunar  experience suggests  a l i t h o l o g i c  
Mars u n i t  scale from meters t o  100 km. 
Moon Venus I 
J u p i t e r  - Unknown 

e . 
Mercury 1-5 meters ( d e t a i l e d ) ;  50-150 meters ( l o c a l ) ;  1 t o  3 km 
Mars ( r eg iona l )  based on terrestr ia l  and Lunar experience.  
Moon Venus 1 
J u p i t e r  - Probably 1-710 km i f  app l i cab le .  

Acqu i s i t i on  Time:  Not app l i cab le ,  phenomena no t  time-dependent. 

Measurement Repe t i t i on  Rate: 

S p e c t r a l  Band & Resolut ion:  

Moon - 

Mercury - 

Mars s 

Venus 
J u p i t e r  

Comments: 

Not app l i cab le .  

W (1000-40008); Visual  (4000-75008); I R  (7500A-2.5~) 
f o r  photometry wi th  h / A h  = 10-30; I R  (2 .5 -100~)  f o r  
emis s iv i ty  measurements wi th  A/AA 4 0 0 .  
UV (1000-40008); V i s i b l e  (4000-75008); I R  (75008-2p.) 
f o r  photometry wi th  A/Ah = 10-30; I R  (2 -100~)  f o r  
e m i s s i v i t y  measurements w i th  h / A h  4 0 0 .  
V i s i b l e  (5000-75OOA); I R  (75OOA-2.5~) f o r  photometry 
wi th  h/Ah = 10-30; I R  (2 -100~)  f o r  emis s iv i ty  measure- 
ments w i th  A/AA wlOO. 
Desired wavelengths are so  s t r o n g l y  a t t enua ted  by dense 
clouds and t h i c k  atmosphere t h a t  remote sensing i s  prob- 
a b l y  impossible f o r  t h i s  observable  ( see  Comments) e 

Of marginal va lue  (see C~xnments ) 

Proper d e t a i l e d  i d e n t i f i c a t i o n  of rock types can be 
accomplished only  by hand specimen and t h i n  s e c t i o n  
(microscopic) examination s i n c e  many d i f f e r e n t  rock  
types have the same chemical composition but  a d i f f e r e n t  
o r i g i n .  For example, g r a n i t e ,  r h y o l i t e ,  arkose,  and 
gne i s s  may have the  same chemical composition but are 
of i n t r u s i v e  igneous e x t r u s i v e  igneous, sedimentary, 
and metaniospheric o r i g i n ,  r e spec t ive ly .  E f f e c t i v e  use 
of far  I R  and microwave techniques f o r  t h i s  observable 
depends upon s i g n i f i c a n t  s t a t e - o f - a r t  advancements i n  
i n t e r p r e t a t i o n .  
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OBJECTIVE _ _  : 

Observable : 

Def in i t i on :  

Phenomena : 

Composition of  Surface Mate r i a l s  

Mineralogy 

General ly  a mineral  i s  a d i s t i n c t  chemical compound 
o r  s o l i d  series s o l u t i o n  wi th  a d e f i n i t e ,  cha rac t e r -  
i s t i c  c r y s t a l l o g r a p h i c  s t r u c t u r e .  A few minerals  
are amorphous both chemically and c r y s t a l l o g r a p h i c a l l y .  

Chemical and phys ica l  p r o p e r t i e s  of  the  material, 
x-ray d i f f r a c t i o n ,  emission and absorp t ion  spec t r a ;  
p o l a r i z a t i o n ,  r e f l e c t i o n ,  and t ransmission proper- 
t ies  (Hurlbut 1961). 

Poss ib l e  Techniques: I n  s i t u  sampling f o r  chemical a n a l y s i s ,  W, 
v i s i b l e ,  and mass spectroscopy, x-ray d i f -  
f r a c  tometry; hard specimen and t h i n  s e c t i o n  
examination, i n  s i t u  su r face  a - s c a t t e r i n g ;  
neutron a c  t i v a  t i on .  

Remote Sensinq: Probably u s e l e s s  because mineralogic s t u d i e s  
r e q u i r e  microscopic t o  1 mm r e s o l u t i o n  (see 
Comments). 

Comments: 

There i s  an except ion where remote sens ing  might be u s e f u l  - a 
monomineralic l a y e r  o r  zone of l a r g e  ex ten t .  For example, the  
su r face  of the  Martian d e s e r t s  may be covered wi th  a coa t ing  of 
l imoni te  (Binder and Cruikshank 1966). The mineral  may be so  
widespread and uniform t h a t  remote sensing would be app l i cab le  
f o r  i d e n t i f i c a t i o n . *  Generally,  however, t h e  s c a l e  of he te ro-  
gene i ty  i s  such t h a t  i n d i v i d u a l  minerals  cannot be de t ec t ed  with- 
out near-microscopic r e s o l u t i o n .  

* 
See "Elemental Composition of Crust" and "Petrology" f o r  
poss ib l e  e f f e c t s .  
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OBJECTIVE: Composition of Surface Mate r i a l s  

Observable: Liquids  

Def in i t i on :  Composition of any f l u i d  material on the  surface,  such 
as Pb, Sn 
(doubt fu l ) ;  H2 and He on J u p i t e r .  

S,  f o r  Mercury and Venus; H20  on Mars 

Phenomena: Chemical and nuc lea r  p r o p e r t i e s  of su r f ace  f l u i d s ,  
atomic absorp t ion  and emission spec t r a .  

: Remote sensing of x-ray absorp t ion  and 
emission l i n e  edges; I n  s i t u  su r face  sampl- 
ing  f o r  chemical analysis, mass spectroscopy, 
and W-visible emission spectroscopy; i n  
s i t u  su r face  a - s c a t t e r i n g  and neutron a c t i -  
va t ion .  Remote W, v is ib le ,  and I R  colorim- 
e t r y ,  and remote IR emission spectroscopy. 

Remote Sensinq: Useful 

Measurement Philosophy : 
Determine the chemical composition of su r face  f l u i d s .  

Moon - Probably no su r face  f l u i d s  s i n c e  the re  i s  no atmosphere. 
Mercury - May be l o c a l  f l u i d  metal pools due t o  high temperature. 
Mars - Probably no su r face  f l u i d s  due t o  low su r face  pressure .  
Venus - May be l o c a l  f l u i d  metal  pools due t o  high temperature. 
J u p i t e r  - Probably l i q u i d  H2, perhaps He,  due t o  high p res su res ,  

. 
Since f l u i d  bodies are u s u a l l y  uniform i n  composition, a few (10) 
measurements can be made of those f l u i d  bodies def ined by r egu la r  
plane tographic mapping. 

Moon - Probslbly n o t  app l i cab le .  
Mercury - Probably l o c a l  pools of unknown d i s t r i b u t i o n .  
Mars - Probably n o t  app l i cab le .  
Venus - Probably l o c a l  pools of  unknown d i s t r i b u t i o n .  
J u p i t e r  - Unknown ( l i q u i d  Hz may cover e n t i r e  Jovian sphere) .  

Scale of Observable: 

Mercury]- Probably small (es t imates  a t  1-1000 m) Venus 
J u p i t e r  - H2 may cover e n t i r e  su f face ,  
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Composition of Surface  Mate r i a l s  - Liquids (Page 2)  

S p a t i a l  Resolut ion:  

Mercury}- 1-100 m due t o  s c a l e  es t imated above Venus 
J u p i t e r  - 1-10 km 

Acquis i t ion  Time:  Not app l i cab le ,  phenomena n o t  time-dependent 

Measurement Repe t i t i on  Rate: Not app l i cab le ,  phenomena n o t  
time-dependent. 

S p e c t r a l  Band & Resolut ion 

Mercury - W (10008-40008); V i s i b l e  (4000-75008); I R  (75008-2p.) 
f o r  co lor imet ry  wi th  h/Ah*10-30; I R  (21_~-1OOp) f o r  
e m i s s i v i t y  spectroscopy; x-ray (0.38-1008) wi th  
h / A h  = 100-1000. 

Venus - Required wavelengths w i l l  n o t  pene t r a t e  dense cloud 
J u p i t e r  . cover  and t h i c k  atmosphere. 

Imaginq: Not a p p l i c a b l e  s i n c e  composition i s  requi red .  Also 
f e w  d a t a  p o i n t s  necessary.  

Comments: This observable  dea l s  only w i t h  chemical composition of 
s u r f a c e  l i q u i d s .  Determining the  presence of  su r face  
l i q u i d s  i s  considered under Surface Appearance. " A t  
MercurygIR color imet ry  cannot be performed above 2p, 
nor I R  emis s iv i ty  measurements below 2p, because of 
unwanted e m i s s i v i t y  and r e f l e c t i v i t y ,  r e s p e c t i v e l y .  
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2.2 Planetary Structure 
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2.2 Plane tary  S t r u c t u r e  

A. 

B. 

c .  

D. 

Object ive:  Geometric shape of p l ane t  

1. Surface e l e v a t i o n s  

2 .  Center of Mass 

Object ive:  I n t e r n a l  s t r u c t u r e  

1. Density D i s t r i b u t i o n  

2. D i s c o n t i n u i t i e s  

Object ive:  C r u s t a l  S t r u c t u r e  

1. Layering 

2. Contacts . 

3 .  A t t i t u d e  of  rock u n i t s  

4 .  S t r u c t u r e  of f e a t u r e s  

Object ive:  Surface Morphology 

1. Surface topography 

2. Surface appearance 
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OBJECTIVE: Geometric Shape of P l a n e t  

Obs ervab l e  : 

Def in i t i on :  

Sur f ac  e E leva t ions  

The he igh t  of t h e  su r face  above some datum. 

Phenomena: R e f l e c t i v i t y ,  shadows, s t e r e o  pa ra l l ax .  

Poss ib l e  Techniques: Remote (microwave .and l a s e r )  s p a c e c r a f t  
a l t i m e t r y ,  remote (v i sua l  and microwave) 
sensing,  i n  s i t u  su r face  mapping. 

Remote Sensinq: Very u s e f u l  

Measurement Philosophy: 

I d e n t i f y  r eg iona l  topographic f e a t u r e s  of the  p l a n e t  

1 wi th  respect t o  the  bas i c  planetary ellipsoidal shape. 
i n  order  t o  de f ine  r eg iona l  dev ia t ions  of the  su r face  Mars 

Venus 
A 

J u p i t e r  - Need t o  de f ine  su r face  i f  one e x i s t s  and g e t  gross  
topographic information. 

P l ane ta ry  Coverage & Dis t r ibu t ion :  

D i s t r i b u t i o n  of l a r g e  s c a l e  mapping w i l l  b e  formulated on basis of 
small  s c a l e  maps. 

Moon I 
Mercury} 100% coverage t o  provide bas ic  plane t o c e n t r i c  information Mars 
Venus I 
Scale of Observable: 

i 
L 

Mercury 
Mars Moon i Maximum e l e v a t i o n  d i f f e r e n c e s  rr 10 km on p lane tary  s c a l e .  

! Venus 

Jupiter - Unknown, possibly k W k h  
S p a t i a l  Resolut ion:  

Mercury 
Mars 
Moon Venus I 
J u p i t e r  - Unknown, poss ib ly  50 km. 

5 km s i n c e  r eg iona l  da t a  a r e  requi red .  
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: Not app l i cab le ,  phenomena n o t  time-dependent, 

: Not a p p l i c a b l e ,  phenomena n o t  
time-dependent. 

Moon Radar (1-100 cm) and v i s i b l e  (4000-75OOA) broadband. 
Mercury Any v i s u a l  o r  I R  laser frequency 

s Mars 
Venus 
J u p i t e r  Radar (3-100 cm) i s  use fu l .  

Dense cloud cover w i l l  make v i s u a l  sensing impossible,  

Imaginq: Useful, ' s i nce  many d a t a  po in t s  are required.  

Moon Mercury Mars Venus J u p i t e r  
V i s i b l e  (4000- 75008) C C C 
Radar (1- 100 cm) C C C C C 
V i s i b l e  s t e r e o  A A A 
Radar s t e r e o  A A A A C 

(A = very  u s e f u l , .  B = use fu l ,  C = no t  very  u s e f u l )  

Comments: Regional contour maps (5 km r e s o l u t i o n )  should have 
1-3kmver t ica l  r e s o l u t i o n .  Below 5000A the  Martian 
blue haze w i l l  i n t e r f e r e .  
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OBJECTIVE: Geometric Shape of Plane t  

Observable: Center of Mass 

Def in i t ion :  The l o c a t i o n  of the p lane tary  cen te r  of mass wi th  
r e spec t  t o  the geometric c e n t e r  of p lane tary  spheroid.  

Phenomena: Acce lera t ion  due t o  g rav i ty  

Poss ib le  Techniques: Tracking (microwave) of n a t u r a l  o r  a r t i f i c i a l  
satell i tes.  I n  s i t u  su r face  gravimetry.  - 
I n  s i t u  o r b i t  gravimetry.  

Remote Sensing: Not app l i cab le  due t o  n e c e s s i t y  of i n  s i t u  
measurements and t racking  techniques which are 
independent of d i r e c t  p l ane t  sensing.  
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OBJECTIVE: I n t e r n a l  S t r u c t u r e  

Observable: Density d i s t r i b u t i o n  

Def in i t ion :  Density as a func t ion  of the  d i s t ance  from the  
c e n t e r  of the  p l ane t .  

Phenomena: Acce lera t ion  of g rav i ty ,  seismic waves, free body 
o s c i l l a t i o n s ,  a x i a l  precession.  Visual  p l ane ta ry  
diameters ,  su r f ace  e l eva t ions ,  l ength  of arc on the  
su r face  ( t o  determine obla teness)  (Kuiper 1 9 5 4 ) .  

Poss ib le  Techniques: I n  s i t u  su r face  seis’mic wave de tec t ion ,  i n  
s i t u  as t rometry,  i n  s i t u  o r b i t a l -  gravimetry. 
Tracking (microwave and v i s u a l )  of n a t u r a l  
o r  a r t i f i c i a l  s a t e l l i t e s ,  i n  s i t u  su r face  
gravimetry and surveying, earth-based 
( v i s u a l  and microwave) occu l t a t ion  observa- 
t i o n s  of s t a r s  and spacec ra f t ,  remote 
(microwave and l a s e r )  spacec ra f t  a l t i m e t r y ,  
remote ( v i s u a l )  diameter measurements. 

Remote Sensinq: Useful 

Measurement Philosophy: 

Estimate d e n s i t y  d i s t r i b u t i o n  from moment of i n e r t i a  deduced from 
f i g u r e  measurements (de Vaucouleurs 1 9 5 4 ) .  Measure dynamical and 
o p t i c a l  f i g u r e s  t o  one p a r t  i n  1 0 4 ,  
a t  numerous (-100) l a t i t u d e s  and longi tudes with emphasis on the 
polar  and e q u a t o r i a l  reg ions .  

Radi i  measurements a r e  needed 

Plane tary  Coverage & D i s t r i b u t i o n :  

longi tudes wi th  emphasis on p o l a r  and e q u a t o r i a l  regions.  
~ 1 0 0  r a d i i  measurements a r e  needed a t  d i f f e r e n t  l a t i t u d e s  and 

Sca le  of Observable: Current  estimates of oblateness are: 

Moon - Very small  due t o  slow r o t a t i o n .  
Mercury - Probably ve ry  small  due t o  slow r o t a t i o n .  
Mars - 0.00525 (dynamical), perhaps 0.012 ( o p t i c a l ) .  
Venus - Probably ve ry  small  due t o  slow r o t a t i o n .  
Jup i t e r  - 0,065 (dynamical), 0.061 ( o p t i c a l ) .  

e . 

4 To ob ta in  one p a r t  i n  10 accuracy. 

Moon - 0.1  km 
Mercury - 0.2 km 
Mars - 0.3 km 
Venus - 0 . 6  km 

1 J u p i t e r  - 7 km 
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I n t e r n a l  S t ruc tu re  - Densi ty  D t s  t r i b u t i o n  (page 2 )  

Acqu i s i t i on  Time: Not app l i cab le ,  observable  i s  n o t  time-dependent. 

Measurement Repe t i t i on  Rate: Not app l i cab le ,  observable i s  noZ 
time-dependent. 

,Spec t r a l  Band & Resolut ion:  

Vis'ible (4000-7500A), r ada r  (1-100 e m )  , any laser Moon 
Mercury i n  v i s i b l e  or I R .  Mars 
Venus Radar (3-100 e m ) ,  dense atmosphere w i l l  make visual 
J u p i t e r  o r  I R  sens ing  of su r face  unl ike ly .  

ImaginP;: O f  marginal value.  Not l i k e l y  t o  achieve requi red  
accuracy. Few da ta  p o i n t s  requi red .  
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OBJECTIVE: I n t e r n a l  S t r u c t u r e  

Observables : Disc on t i n u i  t i es  

Def in i t i on :  A sudden change o r  a discont inuous jump i n  the  rate of 
change of d e n s i t y  wi th  r e s p e c t  t o  depth. 

Phenomena : Seismic waves. 

Poss ib l e  Techniques: I n  s i t u  su r face  seismic wave de tec t ion .  

Remote Sensinq: Not app l i cab le  because seismic wave d e t e c t i o n  
r e q u i r e s  a mechanical coupl ing of t h e  d e t e c t o r  
w i th  the sur face .  
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OBJECTIVE: Crus t a l  S t r u c t u r e  

Observable: Layering 

Def in i t ion :  Most sedimentary rocks,  many e x t r u s i v e  igneous rocks,  
and some metamorphic rocks are found i n  series of 
para l le l  or  s u b p a r a l l e l  t a b u l a r  u n i t s ,  each u n i t  
being a l a y e r  i n  the series. 

Phenomena: Geometric shape of the  rock u n i t s ,  seismic waves- 

Poss ib l e  Techniques: I n  s i t u  su r face  mapping, remote v i s u a l  
sensing,  remote microwave sensing,  i n  s i t u  
su r face  seismic wave sensing.  

Remote Sensing: Useful 

Measurement Philosophy: 

I d e n t i f y  layered sequences i n  c o n t r a s t  t o  homogeneous o r  chaot ic  
u n i t s .  
(see "Contacts"). 

The u n i t s  w i l l  have been de l inea ted  by p r i o r  mapping 

Plane tary  Coverage and Di s t r ibu t ion :  

D i s t r i b u t i o n  w i l l  be  determined by p r i o r  mapping. 
coverage would probably be small ,  l/o o r  hW,'', s ince  only p o s i t i v e  
i d e n t i f i c a t i o n  of prev ious ly  i d e n t i f i e d  u n i t s  i s  requi red .  

P lane tary  

Scale  of Observable 

Moon 

Mars ( v e r t i c a l  th ickness)  of 1 cm t o  100 meters (Dunbar & 
Mercury Venus , 1 Rogers 1957).  
J u p i t e r  - Surface cond i t ions  a r e  unknown. 

1 Based on t e r r e s t r i a l  experience,  l a y e r s  have dimensions 

Spa t i a  1 Resolut ion : 

Moon 

Mars 

Jup i t e r  - Estimated t o  be 1-5 m i f  a p p l i c a b l e .  

! 

1 mm t o  5 m requi red  t o  de f ine  layer ing .  
i 

Mercury Venus , i 
Acquis i t ion  Time:  Not app l i cab le ,  phenomena n o t  time-dependent. 

Measurement R e p e t i t i o n  Rate: Not app l i cab le ,  phenomena n o t  
time-dependent. 
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Crus ta l  S t r u c t u r e  - Layering (Page 2)  

Spec t r a l  Band & Resolution: 

V i s i b l e  (4000-75008) and r ada r  (1-100 cm) 
Mars 
Venus Radar (10-100 c m ) ,  dense atmosphere makes v i s u a l  

, J u p i t e r  sens ing  of su r face  unl ike ly .  

Imaging: Useful 

Moon Mercury Mars Venus J u p i t e r  
V i s i b l e  Broadband A A A 

Radar ( ~ 1 0  cm) A A A A 
Radar (multifrequency A A A A C 

(4000-75008) 

2 wavelengths) 

(A = very use fu l ,  B = usefu l ,  C = no t  very  use fu l )  

Comments : Multifrequency r ada r  may y i e l d  use fu l  near -sur face  
l aye r ing  information. The 10 c m  r ada r  w i l l  probably 
no t  e f f e c t i v e l y  pene t r a t e  the Jovian atmosphere. 
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OBJECTIVE : Crus t a l  S t r u e  t u r e  

Observable: Contacts 

Def in i t i on :  The i n t e r f a c e  between two d i f f e r e n t ,  ad j acen t  rock 
u n i t s  a 

Phenomena: Texture,  albedo, c o l o r ,  l i t h o l o g y ,  mineralogy of 
rock u n i t s  ( B i l l i n g s  1962).  

Poss ib l e  Techniques: I n  s i t u  su r face  mapping. Remote W, v i s u a l ,  
I R ,  and microwave sensing (broadband sensing 
and narrow band photometry). 

Remote Sensinp: Very use fu l .  

Measurement Philosophy: 

surface 
Provide 

Moon 

Mercury 
Mars 
Venus 
J u p i t e r  

Determine the  d i s t r i b u t i o n  of l i t h o l o g i c  u n i t s  over the: planetary 
for studylng the development of the visible surface. 
bas i c  maps f o r  f u r t h e r  work. 

- Map on l o c a l  and d e t a i l e d  s c a l e ,  r e g i o n a l  s c a l e  now 
being done (USGS Lunar S t r a t i g r a p h i c  Mapping Program). 

Map on r eg iona l ,  l o c a l  and d e t a i l e d  s c a l e .  3 ,  - Determine i f  d i f f e r e n t  l i t h o l o g i c  u n i t s  e x i s t .  

P l ane ta ry  Coverage & D i s t r i b u t i o n :  
D i s t r i b u t i o n  of l a r g e  s c a l e  mapping w i l l  be made on a b a s i s  of 
t he  f ind ing  of  small s c a l e  maps. Coverage requirements are based 
on lunar  and te r res t r ia l  mapping experience.  

Moon - 100% coverage l o c a l  s c a l e ,  5-10% a t  d e t a i l e d  scale. 
Mercury 100% coverage a t  r e g i o n a l  s c a l e ,  
Mars ] 10-20% a t  l o c a l  s c a l e ,  and 
Venus 1% a t  d e t a i l e d  s c a l e .  
Jup i t e r  - 1-5% a t  r eg iona l  s c a l e  i f  l i t h o l o g i c  u n i t s  e x i s t .  

Sca le  of A t t r i b u t e :  (Typical c o n t a c t  dimension based on 
te r res t r ia l  and lunar  experience.  ) 

Moon - 
Mercury 

Venus 
J u p i t e r  - 

Local, 1 km t o  100 km; d e t a i l e d ,  1 m t o  1 km based on 
p resen t  l una r  mapping experience 
Regional, 10 km t o  1000 km 
Local, 1 km t o  10 km 
Deta i led ,  1 m t o  1 km 
Surface condi t ions  unknown, es t imated  a t  1000 km. 
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C r u s t a l  S t r u c t u r e  - Contacts  (Page 2 )  

: (based on s c a l e  of l i t h o l o g i c  u n i t s )  

Moon - Local, 50-150 m; d e t a i l e d ,  1-5 m 
Mercury Regional, 1-3 km; 
Mars Local, 50-150 m; 
Venus Deta i led ,  1-5 m 
J u p i t e r  - Estimated as 1-10 km f o r  search  mode 

: Mot app l i cab le ,  phenomena n o t  time-dependent. 

Measurement Repe t i t i on  Rate: Not app l i cab le ,  phenomena n o t  
time-dependent. 

S p e c t r a l  Band & Resolution: 

Moon 
Mercury 
Mars - V i s i b l e  (5000-7500W), near  I R  ( l - z y ) ,  Far I R  (50-20m ), 

Venus Radar (3-100 c m ) ,  o the r  wavelengths heavi ly  a t t enua ted  
J u p i t e r  by atmosphere. 

UV(1800-28008 V i s i b l e  (4000-75008), near  I R  ( 1 - 2 ~ ) ,  
Far  I R  ('50-2' d,), r ada r  (1-100 cm). 

Radar (1- 100 cm) . 
d 

Narrow band photometry r e q u i r e s  h/Ah d o - 3 0  

: Useful 

Moon - Mercury 

W Wideband (1800-28008) C C 
V i s i b l e  Wideband (4000-75008) A A 
Near I R  ( 1 - 2 ~ )  B B 
Far  I R  wideband ( 50-20Op) C C 
Radar (I- 100 cm) B B 

150Oi%-2/~,) A A 
M u l t i s p e c t r a l  (4 -6  bands, 

Mars Venus J u p i t e r  

A 
B 
C 
B A 

A 

C 

(A = very  use fu l ,  B = use fu l ,  C = n o t  very  u s e f u l )  
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: C r u s t a l  S t r u c t u r e  

Observable: A t t i t u d e  of rock u n i t s  

Def in i t ion :  The a t t i t u d e  of a rock u n i t  i s  def ined  by i t s  d i p  
(tilt of  rock l a y e r )  and s t r i k e  ( o r i e n t a t i o n  of rock 
l a y e r ) .  

Phenomena: Geometric r e l a t i o n s h i p s  of rock u n i t s .  

Poss ib l e  Techniques: I n  s i t u  su r face  mapping (see ‘Comments). 

Remote Sensing: Not app l i cab le  because d i r e c t  ,measurements are 
needed. 

Comments: I n f e r r e d  d i p s  and s t r i k e s  can be obtained by remote 
v i s u a l  and microwave sensing, bu t  such measurements do 
n o t  gene ra l ly  g ive  t rue  a t t i t u d e s .  



OBJECTIVE: Crus t a l  S t r u c t u r e  

Observable: S t r u c t u r e  of Fea tures  

: The geometric r e l a t i o n s h i p s  between and wi th in  rock 
uni ts ,  such as f o l d s ,  domes, and graben. 

Phenomena: Geometric r e l a  t i onsh ips ,  su r f ace  appearance, seismic 
waves, magnetic f i e l d  s t r e n g t h ,  a c c e l e r a t i o n  due t o  
g r a v i t y ,  e l e c t r i c  f i e l d s  ( B i l l i n g s  1962, de S i t t e r  1956). 

: I n  s i t u  su r face  mapping, i n  s i t u  su r face  
d r i l l i n g ,  i n  s i t u  "geophysical" exp lo ra t ion  
(seismic,  gravimetr ic ,  e t c .  s t u d i e s ) .  
Remote v i s u a l  and microwave sensing. 

: Useful (see Comments) 

I )  

Determine s t r u c t u r a l  f e a t u r e s  of the p lane tary  su r faces  t o  under- 
s tand  the  h i s t o r y  and s t r u c t u r e  of  the  surface. 

Moon -- Study r eg iona l ,  l o c a l  and d c t a i l e d  s t r u c t u r e s ;  mapping 
now i n  progress on a l l  t h ree  scales. 

Mercury 
Mars 1 
Venus 

Study a l l  t h ree  s c a l e s ,  s i n c e  l i t t l e  i s  known of  the  
su r face  s t r u c t u r e s  of these p l ane t s .  

I 

u p i t e r  - Determine i f  su r face  s t r u c t u r e s  exis t .  

Moon - 100% coverage l o c a l  s c a l e ,  about 1% a t  d e t a i l e d  s c a l e  
Mercury 100% coverage r eg iona l  s c a l e ,  
Mars 1' 10-20% a t  l o c a l  s c a l e ,  and 
Venus 1% a t  d e t a i l e d  s c a l e .  
J u p i t e r  - 1-5% a t  r eg iona l  s c a l e .  / 

: (based on t e r r e s t r i a l  and luna r  mapping 

Moon - 1 km t o  PO0 km local, l m  t o  1 km d e t a i l e d  
0 km t o  100 km r eg iona l  

l km t o  10 km l o c a l  
B m t o  1 km d e t a i l e d  

Jup i t e r  - 100 km t o  1000 km r e g i o n a l  
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Crustal St ruc tu re  - S t r u c t u r e  of Features  (Page 2)  

: (based on t e r r e s t r i a l  and luna r  mapping 
experience)  

Moon - 50-150 m l o c a l ,  1-5 m d e t a i l e d  
Mercury 1-3 km reg iona l  
Mars } 50-150 m l o c a l  
Venus 1-5 m d e t a i l e d  
J u p i t e r  - 1-10 km reg iona l  

: Not a p p l i c a b l e ,  phenomena no t  time-dependent 

Measurement Repe t i t i on  Rate: Not app l i cab le ,  phenomena not 
t i m e  -de pendent 

Spec t r a l  Band & Resolution: 

V i s i b l e  broadband (4000-75008), r ada r  (1-100 cm) , 
o p t i c a l  o r  IR l a s e r  Mars 
Radar (3-100 cm), s h o r t e r  wavelengths heavi ly  a t t enu-  
a ted  by atmosphere. 

Imaging: Useful 

Moon Mercury Mars Venus J u p i t e r  

V i s i b l e  broadband (4000-75OOA) A A A 
Radar (1-100 c m )  A A A A C 
V i s i b l e  s t e r e o  (4000-75OOA) A A A 
Radar s t e r e o  (1-100 cm) A A A A C 

(A = very  usefu l ,  B = usefu l ,  C = n o t  very use fu l )  

Comments: Although remote sensing i s  usefu l ,  su r f ace  s tudy 
(ground t r u t h )  i s  necessary t o  ob ta in  accu ra t e  knowledge 
of the sur face .  
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OBJECTIVE: Surface  Morphology 

Observable: Sur face  topography 

Def in i t i on :  The shape of t h e  sur face .  

Phenomena: R e f l e c t i v i t y ,  shadows, s t e r e o  pa ra l l ax .  

: I n  s i t u  su r face  mapping. Remote (laser 
and r a d a r )  s p a c e c r a f t  a l t i m e t r y ,  remote 
(visual and r a d a r )  sensing,  

: Very u s e f u l  

: Determine and de f ine  d e t a i l e d  shape of 
t h e  su r face .  

A l l  s c a l e s  of topography are poorly known. Mercury 
Mars 
Venus Moon 
J u p i t e r  - Determine i f  t h e r e  i s  su r face  topography. 

: D i s t r i b u t i o n  of l a r g e  s c a l e  
mapping w i l l  b e f o m l a t e d  on 
b a s i s  of small s c a l e  maps. 

Moon - 100% coverage l o c a l  s c a l e ,  about 1% at d e t a i l e d  s c a l e  
Mercury 100% coverage a t  r eg iona l  s c a l e ,  
Mars 1 10-20% a t  l o c a l  s c a l e ,  and 
Venus 1% a t  d e t a i l e d  s c a l e  
J u p i t e r  - 1-5% a t  r eg iona l  s c a l e ,  i f  app l i cab le .  

Scale of Observable: (based on terrestrial  and lunar  experience)  

Moon - 1-100 km l o c a l ,  1 m t o  1 km d e t a i l e d  
Mercury 
Mars } 1-10 km local ,  and 
Venus 1. m t o  1 km d e t a i l e d  s c a l e  
J u p i t e r  - Surface condi t ions  unknown, es t imated 10-1000 km. 

10 km,to 100 km r e g i o n a l  

: (based on t e r r e s t r i a l  and lunar  experience)  

Moon - 50-150 m l o c a l ,  1-5 m d e t a i l e d  s c a l e  
Mercury 1-3 km reg iona l ,  

50-150 m l o c a l ,  and 1 1-5 m d e t a i l e d  s c a l e  
Mars 
Venus , 
J u p i t e r  - Unknown, es t imated as 1-3 km. 
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Surface Morphology - Surface  topography (Page 2 )  

Acqu i s i t i on  Time:  Not app l i cab le ,  phenomena no t  time-dependent, 

Measurement Repe t i t i on  Rate: Not app l i cab le ,  phenomena n o t  
time-dependent. 

S p e c t r a l  Band and Resolution: 

Moon V i s i b l e  broadband (4G00-75008),  radar (1-100 cm),  
Mercury\ o p t i c a l  o r  IR Laser. 
Mars 1 
Venus I Radar (3-100 cm), s h o r t e r  wavelengths heav i ly  a t t enu-  
J u p i t e r  ated by atmosphere. 

Imazinq: Very usefu l ,  s i n c e  many da ta  po in t s  a re  required.  
S t e reo  des i r ed .  

Moon Mercury Mars Venus J u p i t e r  

V i s ib l e  broadband (4000-75008) B B B 
Radar (I- 100 cm) I3 B B B C 
V i s i b l e  s t e r e o  (4000-75008) A A A 
Radar s t e r e o  (1-100 c m )  A A A A C 

(A = very  use fu l ,  B = use fu l ,  C = n o t  very  u s e f u l )  
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OBJECTIVE: Surface Morphology 

Observable: Surface Appearance 

Def in i t i on :  The v a r i a t i o n s  i n  albedo, shape, and t e x t u r e  of t he  
su r face ,  

Phenomena: Albedo, shape, and t e x t u r e  of the sur face .  

: I n  s i t u  su r face  mapping, remote v i s u a l  
and microwave sensing. 

: Very u s e f u l  

: Obtain v i s u a l  r ep resen ta t ions  of  the sur face .  

- Completed on r eg iona l  s c a l e ,  l a r g e l y  completed on 
l o c a l  s c a l e .  

Mercury 
Mars 1 Surface appearance is v i r t u a l l y  unknown, 
Venus 
Jup i t e r  - Determine what the  su r face  looks l i k e ,  i f  one e x i s t s ,  

D i s t r i b u t i o n  of l o c a l  o r  d e t a i l e d  observat ions depends on s tudy of 
r eg iona l  observat ions.  

Moon - 100% coverage a t  l o c a l  s c a l e ,  about 1% a t  d e t a i l e d  s c a l e  

Mercury 100% coverage a t  r eg iona l  s c a l e  
Mars 
Venus 1 see comments 
J u p i t e r  - 1-5% a t  r eg iona l  s c a l e ;  search  mode. 

(Regional s c a l e  completed - Orb i t e r  Program) 

I 1 0 ~ 2 0 %  a t  l o c a l  s c a l e  and 1% a t  d e t a i l e d  sca l e  

Scale  of Obsem e: (based on t e r r e s t r i a l  and lunar  experience) 

Moon - 1-100 km l o c a l ,  1 m t o  1 km d e t a i l e d  
Mercury 10 km t o  LOU0 km reg iona l  
Mars 1-10 km local. 
Venus lm t o  1 km d e t a i l e d  s c a l e  
J u p i t e r  - Surface condi t ions  unknown, es t imated a t  100-1000 km. 

: (based on s c a l e  of l i t h o l o g i c  u n i t s )  

Moon - 50-150 m l o c a l ,  1-5 m d e t a i l e d  
Mercury 1-3 km r e g i o n a l  

50-150 m l o c a l  
1-5m d e t a i l e d  

Mars I 
Venus 
J u p i t e r  - Estimated 1-3 km -40- 



Surface Morphology - Surface appearance (Page 2)  

: Not app l i cab le ;  phenomena n o t  time-dependent. 
(See comments) 

Measurement Repe t i t i on  Rate: Not a p p l i c a b l e ;  phenomena n o t  t i m e -  
dependent. (see Comments) 

S p e c t r a l  Band & Resolution: 

Moon 
Mercury V i s i b l e  broadband (4000-75008) ,  r ada r  (1-100 em) 

Venus 
J u p i t e r  a t e d  by atmosphere. 

7 
Mars I 3 Radar (3-100 em), s h o r t e r  wavelengths heav i ly  a t t enu-  

Imaging: Very u s e f u l  

Moon Mercury Mars Venus J u p i t e r  

V i s i b l e  broadband (4000-75008)  A A A 
Radar (1-100 em) B B B A C 

(A = very use fu l ,  B = use fu l ,  C = n o t  very u s e f u l )  

Comments: Surface appearance i s  expected t o  be independent of 
t i m e  except  f o r  Mars. Here both d i u r n a l  and seasonal  
changes i n  su r face  appearance a r e  of  i n t e r e s t .  The 
recess ion  of  t he  p o l a r  caps and changes i n  the  albedo 
of t he  dark a r e a s  (de Vaucouleurs 1 9 5 4 )  are of s p e c i a l  
importance. For s tudy of d i u r n a l  v a r i a t i o n s ,  the  ac- 
q u i s i t i o n  t i m e  should be  less than about 5 minutes with 
measurements repeated hourly;  f o r  s tudy of seasonal  
v a r i a t i o n s ,  t he  acqt is i t ion t i m e  may be a s  long as an 
hour wi th  measurements repeated d a i l y .  
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2.3 Active Planetary Processes 

-43- 



2 . 3  Active Planetary Processes 

A.  Objective: Planetocentric Motion 

1. Rotation period 

2.  Tidal e f f ec t s  

3 .  Polar wandering 

B.  Objective: Active Crustal Processes 

1. Surface winds 

2 .  Surface l i q u i d  motions 

3 . To-pographic changes 

4. Thermal anomalies 

5 .  Seismic waves 

C.  Objective: Active Internal Processes 

1. Magnetic f i e l d  

2.  Heat flow 

3 .  Seismic waves 

4 .  Mass motion 
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OBJECTIVE : 

Observable : 

D e  f i n i  t ion  : 

*Phenomena : 

Plane tocen t r i c  Motions 

Rotat ion Period 

The t i m e  the  p l a n e t  r e q u i r e s  t o  
a x i s .  

t u rn  360" on its 

Doppler s h i f t  o r  spread of spec-ra ,  , r a n s i t  of 
r e fe rence  po in t s  e 

Poss ib l e  Techniques: Remote UV and v i s u a l  spectroscopy, micro- 
' wave and v i s u a l  sensing. I n  s i t u  t r a n s i t  

( s t e l l a r )  observat ions.  

Remote Sensing: Not u s e f u l  from p lane ta ry  o r b i t .  Accuracy of 
c u r r e n t l y  known r o t a t i o n  per iods exceeds the  
c a p a b i l i t i e s  of o r b i t a l  remote sensing by orders  
of magnitude. Accuracy of r o t a t i o n  per iod de- 
terminat ions i s  dependent upon dura t ion  of ob- 
s e rva t ion  and n o t  s e n s i t i v e  t o  d i s t a n c e  from 
which observat ions a r e  made. 
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OBJECTIVE: 

Observable: 

D e  f i n  i t ion  : 

Phenomena : 

Plane tocen t r i c  Motion 

Tida l  E f f e c t s  

Changes i n  r o t a t i o n  r a t e s  due t o  the g r a v i t a t i o n a l  
i n t e r a c t i o n  be tween as t ronomical  bodies,  

T r a n s i t  of r e fe rence  poin ts .  

Poss ib le  Techniques: I n  s i t u  t r a n s i t  ( s t e l l a r )  and a s t rome t r i c  
measurements. 

Remote Sensing: Not app l i cab le .  No c u r r e n t l y  conceivable tech- 
nique o f f e r s  p o s s i b i l i t y  of u l t r a p r e c i s e  measure- 
ments requi red .  The r o t a t i o n  per iod of the Ear th  
changes only one mil l isecond per  century (Kuiper 
1354)  e 
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OBJECTIVE: Plane tocen t r i c  Motion 

Observable: Polar  Wandering 

Def in i t ion :  Change i r S  t he  a x i s  of r o t a t i o n  re la t ive t o  the  
p l ane ta ry  sphere.  

Phenomena: Rock magnetism, f o s s i l  d i s t r i b u t i o n  (see comments ). 

Poss ib l e  Techniques: I n  s i t u  su r face  sampling f o r  paleomagnetic 
measurements and f o s s i l s .  

Remote SensinK: Not app l i cab le  due t o  n e c e s s i t y  of d i r e c t  
sampling. 

Camments: Measurements of paleomagnetism of rocks i n d i c a t e  the  
p a l e o l a t i t u d e  and longi tude of t he  rock a t  the  t i m e  
the rock was formed. F o s s i l  d i s t r i b u t i o n  i n d i c a t e s  
paleoel imates  which i n d i c a t e  ( i n d i r e c t l y )  p a l e o l a t i t u d e s  
(Jacobs et. al. 1959). 
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OBJECTIVE: Act ive Crus t a l  Processes 

-Observable: Surface Winds 

Def in i t i on :  Lateral mass movement of a i r  from 0 t o  100 meters 
above the  sur face ,  capable of a l t e r i n g  the  sur face .  

Phenomena: Aeolian t r a n s p o r t  of  sand, dus t ,  o r  any p a r t i c u l a t e  
ma te r i a l ;  wind v e l o c i t y  and d i r e c t i o n .  

Poss ib le  Techniques: I n  s i t u  su r face  v e l o c i t y  measurement, i n  
s i t u  su r face  v i s u a l  Sensing, remote v i s u a l  and 
microwave sensing.  

Remote Sensing: Useful 

Measurement Philosophy: Determine the v e l o c i t y ,  frequency of 
occurrence,  turbulence ,and s c a l e  of 
su r face  winds. 

Moon - Not app l i cab le ,  no atmosphere. 
Mercury - Probably n o t  app l i cab le  due t o  tenuous atmosphere o r  

lack of atmosphere. 
Mars - Surface winds have been observed. 
Venus - Poss ib ly  ve ry  s t rong  su r face  winds due t o  dense 

Jup i t e r  - Surface cond i t ion  unknown. 
atmosphere. 

P lane tary  Coverage 6 Dis t r ibu t ion :  
To ta l  coverage a t  low r e s o l u t i o n  over e n t i r e  p l a n e t  s ince  su r face  
wind can occur a t  any place.  Higher r e s o l u t i o n  coverage and d i s -  
t r i b u t i o n  would be determined from the f ind ings  of the low reso lu-  
t i o n  exarnina t i on .  

Sca le  of Observable: 

Mercury - Unknown 
Mars 
Venus - Unknown 1954) 
J u p i t e r  - Unknown 

- V e l o c i t i e s  up t o  100 km/hr have been observed (deVaucouleurs 

S pa t i a  1 Re so l u  t ion  : 
1 t o  10 k m  r e s o l u t i o n  i n  order  t o  d e t e c t  and fol low sand o r  d u s t  
storms. I f  such storms could be a c t i v e l y  tracked, then higher  
r e s o l u t i o n  (100 rn) would b e  u s e f u l  t o  d e t e c t  turbulence.  
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Active C r u s t a l  Processes - Sqrface  Winds (Page 2)  

: Approximately 30 sec  f o r  low (1-10 km) reso- 
l u t i o n ,  based on the t i m e  the  d u s t  o r  sand 
would move 1 r e s o l u t i o n  element a t  100 km/hr. 
Lower v e l o c i t i e s  would al low longer a c q u i s i t i o n  
t i m e s .  

Measurement Repe t i t i on  R a t e :  Every 2 o r  3 minutes f o r  low re so lu -  
t i on ,  based on movement i n  a 100 km/ h r  
v e l o c i t y  s torm. Lower v e l o c i t i e s  
would a l low lower r e p e t i t i o n  r a t e s .  

S p e c t r a l  Band and Resolution: 

Mercury ? V i s i b l e  broadband (4000-75008) , pass ive  microwave 
Mars ' broadband (1-100 c m ) ,  r a d a r  (1-100 cm) 
Venus 
J u p i t e r  1 I Passive microwave broadband (3-100 cm), radar  (3-100 cm) 

Imaging: Useful a t  Mercury and Mars. Probably use l e s s  a t  Venus 
and J u p i t e r  because of dense atmosphere. 

Moon Mercury Mars Venus J u p i t e r  

V i s i b l e  broadband 
(4000- 75008) 

C A 

(A = very use fu l ,  €3 = use fu l ,  C = n o t  very u s e f u l )  
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Q&ECTIVE: Active Crus t a l  Processes 

Observable: Sur face  Liquid Motions 

Def in i t i on :  L a t e r a l  mass movement of a su r face  l i qu id .  

Phenomena: Veloc i ty  of f l u i d .  

Poss ib l e  Techniques: I n  s i t u  su r face  v e l o c i t y ,  i n  s i t u  su r face  
v i s u a l  t r ack ing  of emplaced buoys, remote 
microwave t racking  of  emplaced buoys. 

Remote Sensing: Useful 

Measurement Philosophy: Track buoys t o  determine i f  
motion of su r face  f l u i d s  occurs, i .e.,  
s ea rch  mode. P resen t  p lane tary  know- 
ledge s t r o n g l y  suggests  t h a t  s i g n i f i c a n t  
f l u i d  motions may only occur on J u p i t e r .  
(See Composition of  Surface Mater ia l s  - 
Liquids) .  

P lane tary  Coverage & D i s t r i b u t i o n :  

Most probably n o t  app l i cab le  due t o  absence, o r  
expected l imi t ed  size, of  f l u i d  bodies. Mars 

Venus 
J u p i t e r  - Buoys might be d i s t r i b u t e d  randomly over l i q u i d  

su r face ,  if buoy design i s  feasible . ’  

Sca le  of  Observable{ 

J u p i t e r  - Unknown, due t o  l ack  of knowledge of sur face  condi t ions .  

S p a t i a l  Resolut ion:  None requi red .  

Acquis i t ion  Time: 

J u p i t e r  - Unknown due t o  l ack  of knowledge of su r face  condi t ions .  

Measurement Repe t i t i on  Rate: 

J u p i t e r  - Unknown due t o  l ack  of knowledge o f  su r face  condi t ions .  
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Active Crustal Processes - Surface Liquid Motions (Page 2 )  

Spectral Band & Resolution: S band microwave 

Jupiter - Thick atmosphere may make tracking impossible due to  
signal attenuation. 

Imaging: Not useful.  



OBJECTIVE: Act ive C r u s t a l  Processes 

Observable: Topographic Changes 

Def in i t i on :  Any change, r e s u l t i n g  from a c u r r e n t l y  act ive pro- 
ces s ,  i n  the  s i z e  o r  shape of a topographic f e a t u r e ,  

Phenomena: Explosions, e rup t ions ,  o r  changes i n  geometry 
(Thornbury 1961) 

Poss ib l e  Techniques: Remote v i s u a l  and microwave sensing,  
i n  s i t u  v i s u a l  and microwave sensing.  

Remote Sensing: Useful 

Measurement Philosophy: 
Observe any a c t i v e  su r face  f e a t u r e  formation process o r  any 
active su r face  modi f ica t ion  process.  Development below i s  con- 
f ined  t o  s low and semi-predic t a b l e  changes (see Comments). 

Moon - Spec ia l  i n t e r e s t  i n  c r a t e r i n g  processes  and s lope  

Mercury 
Mars } Determine what processes  a r e  a c t i v e .  
Venus 

modif icat ion processes.  

P l ane ta ry  Coverage & Dis t r ibu t ion :  Coverage and d i s t r i b u t i o n  w i l l  
have t o  be determined from 
regu la r  planetographic  mapping 
(see Comments). 

Sca le  of Observable: 

Mercury 
Mars 
Moon Venus 1 
J u p i t e r  - Unknown, es t imated a s  10 m - 100 km, 

1 m t o  10 km (from s o i l  c reep  t o  volcanic  e r u p t i o n s ) .  

S p a t i a l  Resolution: 

Moon 
Mercury 
Mars 
Venus 
J u p i t e r  - Estimated as 1-10 m. 

0.1 mm t o  1 m, the  scales of t h e  ind iv idua l  u n i t s  
( s o i l  par t ic les ,  rocks,  e tc . )  being moved. 1 

: Estimated as less than a few hours. 
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Active Crus t a l  Processes  - Topographic Changes (Page 2 )  

Measurement Repe t i t i on  Rate: Estimated a s  days o r  weeks. 

S p e c t r a l  Band & Resolut ion:  

V i s i b l e  broadband (4000-75008) ,  r ada r  (1-100 cm) . 
Mars 
Venus Radar (3-100 cm), s h o r t e r  wavelengths heav i ly  a t t enua ted  
J u p i t e r  by dense atmosphere. 

Imaging: Useful,  s ' t e reo  coverage des i r ab le .  

Moon -- Mercury Mars Venus J u p i t e r  

V i s i b l e  broadband (4000-75008)  A A A 
Radar (1-100 cm) A A A A C 
V i s i b l e  s t e r e o  (4000-75008)  A A A 
Radar s t e r e o  (1-100 cm) A A A A C 

(A = very  use fu l ,  B = use fu l ,  C = n o t  u s e f u l )  

Comments: Three types of topographic changes might be considered 

1) Unpredictable r ap id  changes such as me teo r i t e  impacts, many 
volcanic  e rup t ions ,  and land s l i d e s .  Attempts t o  record such 
changes would r e q u i r e  continuous t i m e  and t o t a l  p l a n e t  coverage 
t o  record such phenomena. 

2 )  Slow and semi-predictable  changes such a s  s o i l  creep,  so lu t ion ,  
and some volcanic  e rup t ions .  Regular planetographic  mapping would 
i n d i c a t e  the  l o c a t i o n  and e x t e n t  of the requi red  coverage i n  var ious  
areas of i n t e r e s t .  

3 )  Very slow and l a r g e  s c a l e  processes  such a s  organic u p l i f t .  
Such processes  can be observed only over long ( > l o 0  yea r s )  per iods  
of t i m e .  

Only slow and semi-predictable  changes are considered here.  
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OBJECTIVE: Active C r u s t a l  Processes 

Observable: Thermal Anomalies 

Def in i t i on :  Surface a reas  of  d i f f e r e n t  temperature from t h e i r  
gene ra l  surroundings.  

Phenomena: Temperature, r a d i a t i o n  emittance.  

1 Poss ib le  Techniques: I n  s i t u  thermometry, remote I R  and microwave 
radiometry. 

Remote Sensing: Useful. 

Mea s u r  emen t P h i  10s ophy : 

Determine presence, temperature, and s p a t i a l  d i s t r i b u t i o n  
of thermal anomalies f o r  c o r r e l a t i o n  wi th  observed su r -  Mars Venus face s t r u c t u r e s .  

J u p i t e r  - Determine i f  t he re  are thermal anomalies. 

P lane tary  Coverage and D i s  t r i b u t i o n :  

Mercury a t i o n  on where t o  look f o r  anomalies. Search mode (low 
Moon 

Venus 
Mars 
J u p i t e r  - Estimated 200% coverage (low r e s o l u t i o n ) .  

Regular planetographic  mapping might provide same inform- 

r e s o l u t i o n )  would r e q u i r e  100% coverage, d e t a i l e d  inves ti- 
g a t i o n  (moderate and high r e s o l u t i o n )  about 105%. 

1 I 
Scale  of Observable: 

Moon 1 
Mercury 1 1 m t o  10 km (based on lunar  and t e r r e s t r i a l  experience) .  Mars 
Venus , 
Jup i t e r  - Unknown, es t imated as 1-100 km. 

S p a t i a l  Resolution: 
, 
\ Moon 

Mercury \ t i on ,  SO-150 m; high r e s o l u t i o n ,  1-5 m f o r  l o c a l  and Mars 
Venus 

1 Search mode, 1 km t o  d e t e c t  anomalies; moderate reso lu-  

, d e t a i l e d  i n v e s t i g a t i o n .  
J 

J u p i t e r  - 1-10 km s e a r c h  mode (est imated) .  

: Estimated up t o  10 hours f o r  a l a r g e  
anomaly, s i n c e  most materials do n o t  
r ap id ly .  

s c a l e  
cool  



Active Crustal  Processes  - Thermal Anomalies (Page 2) 

: Estimated every 10-30 h o u r s . f o r  those 
phenomena which may b e  time-dependent 
(cool ing of lava ,  ash,  e tc . ) .  

S p e c t r a l  Band ti Resolution: 

1 Moon 
Mercury 
Mars 
Venus 
J u p i t e r  

} I R  broadband ( 3-1oocl), microwave broadband (1 mm -100 cm) 

} Microwave (3-100 cm) wi th  A/AA@10 

with  h/AA a10 f o r  s p e c t r a l  p r o f i l e s  

Imagine;: Useful, s i n c e  many d a t a  po in t s  are requi red .  

Moon - Mercury Mars Venus J u p i t e r  

I R  broadband (3-100~) A A A 
Microwave broadband 
(3-100 cm) A A A A C 
Mul t i spec t r a l  (3-40~, 
40-100l_~, 1 mm-10 cm, 
10-100 cm) A A A B C 

Comments: Estimated temperature ranges and des i r ed  r e s o l u t i o n s  
a r e  

Moon 
Mercury 
Mars 
Venus 
J u p i t e r  

Range R e s  o h  t ion  

120-400°K 1°K 
100-600" K 5°K 
200-300°K 2°K 
550- 700 OK 5°K 

? 2°K 



OBJECTIVE: 

Observable : 

Def in i t i on :  

Phenomena : 

Active Crus t a l  Processes 

Seismic Waves 

Longi tudinal  and compressional energy waves whose 
o r i g i n s  are moderate o r  l a r g e  d is turbances  a t  the  
su r face  o r  i n  the c r u s t  of the p lane t .  

Acoustic v i b r a t i o n s .  

Poss ib l e  Techniques: I n  s i t u  su r face  seismology. 

Remote Sensinq: Not app l i cab le  because o f  t he  n e c e s s i t y  of 
d i r e c t  mechanical coupl ing between d e t e c t o r  - 
and t h e  p l a n e t ' s  sur face .  

-56- 



OBJECTIVE: Active Internal Processes 

Observable: Magnetic Field 

Definition: The configuratian of magnetic lines of force 
around the planet. 

Phenomena: Magnetic field strength and direction, radio 
emission (from trapped radiation). 

: In situ orbital magnetometry, in situ 
surface magnetometry, remote microwave 
s ens ing 

: Not useful (see Comments). 

Comments: 

To date, in situ spacecraft measurements have shown that Mars 
(Smith et al. 1965) the Moon (Ness et al. 2967), and Venus 
(Bridge et al. 1968) do not have internally produced magnetic 
fields and, because of its slow rotation, no magnetic field 
is expected. Earth-based microwave observations have shown 
that Jupiter possesses a very strong magnetic field. Magnetic 
field measurements to detect active internal processes re- 
quires detection of the field, then accurate measurements o€ 
the field strength and direction in space and time. Detection 
of a field is possible with microwave methods, but  accurate 
field strength measurements are not possible remotely. 
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OBJECTIVE : 

Observable : 

Def in i t i on  : 

Phenomena: 

Act ive I n t e r n a l  Processes 

Heat Flow 

The amount of thermal energy being released from the  
i n t e r i o r  of  the  p l a n e t  pe r  u n i t  a r ea  p e r  u n i t  t i m e .  

Temperature, thermal conduct iv i ty ,  h e a t  f lux .  

: I n  s i t u  su r face  and subsurface the-rmsmetry 
and sampling. 

Remote Sensing: Not u s e f u l  due t o  the  n e c e s s i t y  of  d i r e c t  
c o n t a c t  measurement and sampling (see Comments). 

Comments : 

Heat flow measurements are made by determining the  thermal 
g rad ien t  (dT/dh) and then measuring the  thermal conduct iv i ty ,  k ,  
of  the  m a t e r i a l ,  The hea t  flow (dQ/dt) i s  given by 

While i t  might be  poss ib l e  t o  measure dT/dh remotely (microwave), 
the  thermal conduc t iv i ty  measurements must be made by sampling. 

-58- 



OBJECTIVE : 

Observable : 

Defin i t ion :  

Phenomena: 

Act ive I n t e r n a l  Processes 

Seismic Waves 

Longi tudinal  and compressional energy waves whose 
o r i g i n s  a r e  below the c r u s t  of the p lane t .  

Acoustic v i b r a t i o n s  

: In  s i t u  su r face  seismology. 

: Not a p p l i c a b l e  because of the  necess i ty  of 
d i r e c t  mechanical coupling between the  de t ec to r  
and the  p l a n e t ' s  surface.  
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OBJECTIVE : Active I n t e r n a l  Processes 

Observable : Mass Motion 

Def in i t ion :  

Phenomena : 

Movement of s u b c r u s t a l  ma te r i a l s .  

Acce lera t ion  due t o  g rav i ty ,  seismic waves, p l ane ta ry  
f igu re ,  d i f f e r e n c e s  i n  su r face  e l eva t ions  and geometry, 
magnetic f i e l d  s t r e n g t h s  d i r e c t i o n ,  changes i n  the  
magnetic f i e l d ,  s t r u c t u r e  of t h e  su r face  u n i t s .  

Poss ib l e  Techniques: I n  s i t u  orb i ta l .  magnetometry and gravimetry, 
i n  s i t u  su r face  mapping, gravimetry, magne- 

wave de tec t ion ,  sampling and astronomy, remote 
l a s e r  and radar  a l t i m e t r y ,  l a s e r  holography, 
W, v i s u a l  and I R  sensing,  v i s u a l  and micro- 
wave s te reoscopic  sensing, t racking  (micro- 
wave and v i s u a l )  of n a t u r a l  o r  a r t i f i c i a l  
s a t e l l i t e s ,  earth-based ( v i s u a l  and microwave) 
occul ta tyon observat ions of spacec ra f t s .  

tome t r y ,  I t  geophysical i nves t iga t ion ,  I t  seismic 

Remote Sensing: Not app l i cab le .  

Comments: 

Mass movement of s u b c r u s t a l  materials (genera l ly  thought t o  be  due 
t o  thermal convection and/or d i f f e r e n t i a t i o n  processes)  cannot be 
de t ec t ed  d i r e c t l y ,  but  are i n f e r r e d  from s e c u l a r  v a r i a t i o n  (Jacobs 
1959) i n  the  p l a n e t ' s  magnetic f i e l d  and the geometry and d i s t r i -  
but ion of su r face  (Howell 1959, Runcorn 1962) s t r u c t u r e s .  Thus 
those phenomena, techniques,  e t c .  , found under magnetic f i e l d s ,  
g r a v i t y  f i e lds ,  geometric shape of p l ane t ,  su r f ace  morphology, and 
s t r u c t u r e  of f e a t u r e s  are a l l  r e l e v a n t  t o  t h i s  a t t r i b u t e ,  but do 
n o t  provide d i r e c t  measurements. 
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2.4 Atmospheric Composition 
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2.4 Atmospheric Composition 

A.  Objective: Gross Atmospheric Abundances 

1. Mean molecular weight 

2.  Elemental and molecular abundances 

3 .  Isotopic abundances and ratios 

B.  Objective : Atmospheric Particulates 

1. Aerosol and crystal composition 

2 .  Particulate size and distribution 
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OBJECTIVE: 

Observable : 

Defin i t ion :  

Phenomena : 

Gross Atmospheric Abundances 

Mean Molecular Weight 
I 

The average or  mean molecular weight of the  p lane tary  
atmosphere e 

The molecular weights of t h e  atmospheric c o n s t i t u e n t s  e 

Poss ib le  Techniques: Atmospheric i n  s i t u  sampling and molecular 
weight determinat ion.  Earth-based t racking  
of occu l t ing  s a t e l l i t e  EM s i g n a l  t o  d e t e r -  
mine the  atmospheric s c a l e  he ights  (from 
which the average molecular weight can b e  
determined i f  the temperature d i s t r i b u t i o n  
i s  known). 

Remote Sensing: 

Comments: 

Not app l i cab le .  
n o t  exh ib i t ed  d i r e c t l y  through emission i n  the  
electro-magnet ic  spectrum. 

The mean molecular weight i s  

Although some information r e l a t i n g  t o  the  mean molecular weight 
can be obtained by remote s p e c t r a l  l i n e  ana lys i s  of the  ind iv idua l  
c o n s t i t u e n t s ,  t h i s  i s  an  u n s a t i s f a c t o r y  approach because many 
elements (noble gases,  e t c . )  are n o t  r e a d i l y  d e t e c t a b l e  i n  t h i s  
manner. 
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OBJECTIVE: Gross Atmospheric Abundances 

Observable: Elemental and Molecular Abundances 

: The percentage abundance of t h e  important atmospheric 
c o n s t i t u e n t s .  

Phenomena: Cons t i tuents  may be i d e n t i f i e d  by t h e i r  atomic s i z e  
and weight, as w e l l  as by t h e i r  absorp t ion  and 
emission spec t r a .  

Poss ib l e  Techniques: Atmospheric i n  s i t u  sampling and element 
de t ec t ion .  Remote sens ing  of e lemental  
and molecular absorp t ion  and emission l i n e s  
(UV, v i s i b l e ,  I R ,  microwave). 

Remote Sensing: Useful 

Measurement Philosophy: 
Determine the average abundances of t he  p r i n c i p a l  c o n s t i t u e n t s  a s  
a func t ion  of a l t i t u d e .  V e r t i c a l  p r o f i l e  da t a  requi red  only a t  
widely spaced p o s i t i o n s  of l a t i t u d e  and longi tude.  Each p r o f i l e  
should inc lude  10-100 da ta  p o i n t s  a t  d i f f e r e n t  a l t i t u d e s .  

Mercury (Ar,  K r ,  e t c . )  o r  products of outgassing. 

Venus 
J u p i t e r  - Lighter  elements are of major concern (H, H2, H e ) ,  

Expected elements are those of l a r g e  molecular weight 

All major c o n s t i t u e n t s  are of importance, p a r t i c u l a r l y  
C, N,  0, N2, C02,  and H20. 

along wi th  molecules of NH3, CH4, and H20.  

Moon 1 
Mars I 
Plane ta ry  Coverage & Dis t r ibu t ion :  

Require a s u f f i c i e n t  number of v e r t i c a l  p r o f i l e s  t o  determine 
any abundance v a r i a t i o n s  over the p lane tary  globe. Complete 
v e r t i c a l  p r o f i l e s  a t  10 t o  100 widely spaced pos i t i ons  of 
l a t i t u d e  and longi tude ,  inc luding  seve ra l  around the  equator  
and one a t  each pole .  

Sca le  of Observable: Estimated a s  t he  he ight  of the exosphere. 

Moon 
Mercury } ~ 5 0 0  km Mars 
Venus I 
Jup i t e r  - >lo00 km (?), depending on the  l o c a t i o n  of sur face .  
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Gross Atmospheric Abundances - Elemental & Molecular Abundances 
(Page 2) 

S p a t i a l  Resolut ion:  Estimated as roughly equiva len t  t o  the scale 
height ,  

,Moon - 20 km 
Mercury - 20 km. 
Mars - 10 km 
Venus - 10 km 
J u p i t e r  - 15 km 

Acquis i t ion  Time:  Not c r i t i c a l .  No r ap id  temporal v a r i a t i o n s  
expected in  the  average abundances f o r  a given 
l a t i t u d e  and longi tude.  

Beasurement Repe t i t i on  Rate: Desire complete p l ane ta ry  coverage 
repeated about  4 t i m e s  dur ing  t h e  
p l ane ta ry  year .  This i s  judged t o  
be c r i t i c a l  only f o r  Mars because of 
i t s  seasonal  v a r i a t i o n s .  

S p e c t r a l  Band & Resolution: S p e c t r a l  l i n e s  corresponding t o  the 
absorp t ion  wavelengths of t h e  p re -  
dominant e lemental  c o n s t i t u e n t s  i n  
t h e  p l a n e t ' s  atmosphere. 

Imaging: Not u se fu l .  No adequate o r b i t a l  imaging technique 
exists (even conceptual ly)  which provides u s e f u l  d a t a  
on a l t i t u d e  dependence of  atmospheric abundances. Few 
ver t ical  p r o f i l e s  are required.  
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OBJECTIVE : 

Qbservab,le: 

Def in i t i on :  

Phenomena: 

Gross A tmospher io Abundances 

I so top ic  Abundances and Rat ios  

The percentage abundance r a t i o s  of t he  major 
i so topes  found i n  the  atmosDhere such as 

1 2  40 38 He3/He4,  H /H , C l 2 / C I 3 ,  01'/0'8, A r  / A r  e 

I so topes  are cha rac t e r i zed  by t h e  re la t ive  molecular 
weights of  the  ind iv idua l  c o n s t i t u e n t s ,  and by t h e i r  
d i f f e r e n t  s p e c t r a l  c h a r a c t e r i s t i c s  e 

: Atmospheric i n  s i t u  sampling and ana lys i s .  
Remote sensing of i s o t o p i c  absorp t ion  and 
emission lines ( p r i n c i p a l  l i n e s  of i n t e r e s t  
l i e  wi th in  the  W through I R  reg ions) .  

: Useful 

. 
Determine the average abundances and r a t i o s  o f  the major i so topes .  
Desire s p a t i a l  d a t a  a t  only a few random pos i t i ons  throughout the  
atmosphere 

Moon I n t e r e s t e d  i n  i s o t o p i c  r a t i o s  of A r  /Ar38 and those 
Mercury of  o the r  heavy elements, p a r t i c u l a r l y  X e .  

P r i n c i p a l  i n t e r e s t  i n  C l 2 / C I 3  016/018, C I ~ ~ / C ~ ~ ~ ,  A r  40 /Ar 38 Mars ¶ 

Venus (Kuiper 19641. 

40 

.. 
3 1 2 12 13 J u p i t e r  .. I so topes  of l i g h t e r  elements (He /He4,  H /H , C /C ) 

w i l l  be.most abundant (Owen 1963). 

Desire average abundances and r a t i o s  a t  about 5 t o  10 widely spaced 
p o s i t i o n s  of  l a t i t u d e  and longi tude,  so  t h a t  a g loba l  average can 
be obtained. 

Sca le  of Observable: V e r t i c a l  p r o f i l e  extending from t h e  su r face  
t o  the exosphere, ( ~ 5 0 0  km) 

: Approximately 100 km, i s o t o p i c  r a t i o s  should 
n o t  vary s i g n i f i c a n t l y .  

: Not c r i t i c a l ,  no r ap id  temporal v a r i a t i o n s  
expected. 

: None, i s o t o p i c  r a t i o s  a r e  e s s e n t i a l l y  
cons tan t  i n  t i m e .  
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Gross Atmospheric Abundances .C I so top ic  Abundances & Rat ios  (Page 2)  

S p e c t r a l  Band & Resolut ion:  

S p e c t r a l  l i n e  r e so lu t ions  of h/Ah -500 a r e  des i red .  
l i n e s  corresponding t o  the absorpt ion wavelengths of the p a r t i c u l a r  
i so tope  under cons idera t ion .  Line spec t r a  of i n t e r e s t  a r e  i n  a 
region extending from the  f a r  W (-SOOA) up through the I R .  
(See Goody (1964) f o r  i nd iv idua l  absorpt ion l i n e s ) .  

S p e c t r a l  

Imaging: Not appl icable .  Few da ta  poin ts .  
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OBJECTIVE: Atmospheric P a r t i c u l a t e s  

Observable: Aerosol and c r y s t a l  composition 

Def in i t ion :  The chemical composition of t he  p a r t i c u l a t e s  t h a t  
a r e  suspended i n  a p l a n e t ’ s  atmosphere. 

Phenomena: The atomic weight, nuc lear  p rope r t i e s ,  absorpt ion 
and emission spec t r a .  

: I n  s i t u  atmospheric sampling and chemical 
ana lys i s .  

Remote Sensing: Not appl icable .  The p a r t i c u l a t e s  i n  an atmosphere 
do n o t  e x h i b i t  unique de tec t ab le  absorpt ion l i n e s  
from which t h e i r  composition could be r e a d i l y  de- 
termined by remote sensing.  
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OBJECTIVE: Atmospheric P a r t i c u l a t e s  

Observable: P a r t i c u l a t e  S i z e s  and D i s t r i b u t i o n  

Def in i t ion :  The dimensions and phys ica l  shape of t he  atmospheric 
p a r t i c u l a t e s ,  and t h e i r  a s soc ia t ed  spa t i a l  d i s t r i b u t i o n .  

Phenomena: P a r t i c u l a t e  s i z e  and geometric form. Radia t ive  scatter- 
ing,  absorp t ion ,  and p o l a r i z a t i o n  p rope r t i e s .  

Poss ib l e  Techniques: I n  s i t u  atmospheric sampling and p a r t i c u l a t e  
a n a l y s i s .  Remote p o l a r i z a t i o n  d a t a  as a 
func t ion  of  wavelength (W, v is ib le ,  and I R  
reg ions)  and phase angle .  Remote and i n  s i t u  
measurements of  EM pu l se  r e f l e c t i v i t y  and 
a t t e n u a t i o n  as a func t ion  of wavelength 
(microwave). Remote o p t i c a l  and I R  laser 
techniques e 

Remote Sensing: Useful 

Measurement Philosophy: 
Determine the  average s i z e  and s p a t i a l  d i s t r i b u t i o n  (i.e. , number 
d e n s i t y )  of suspended p a r t i c u l a t e s .  This information can be de- 
duced from p o l a r i z a t i o n  d a t a  and r ada r  backsca t t e r  measurements. 

Moon Suspended p a r t i c u l a t e s  are of extremely low number 
Mercury 
Mars - P a r t i c u l a r  emphasis on blue haze. 

d e n s i t y  i f  they ex is t  a t  a l l  

En t i r e  atmosphere i s  of i n t e r e s t .  Venus 
J u p i t e r  

P lane tary  Coverage & D i s t r i b u t i o n :  V e r t i c a l  p r o f i l e  d a t a  loca t ed  
a t  10-100 widely spaced p o s i t i o n s  
of l a t i t u d e  and longitude. 

Sca le  of Observable: The ver t ical  p r o f i l e  over which p a r t i c u l a t e s  
are found i n  a p l ane ta ry  atmosphere. 

Moon Estimated as 100 km, the  existence and e x t e n t  of  
Mercury poss ib l e  p a r t i c u l a t e s  are unknown 
Mars / v l O O  t o  200 km, corresponding t o  the ver t ical  e x t e n t  
Venus from t h e  su r face  t o  the  uppermost cloud l a y e r s  (Kellogg 

and Sagan 1961). 
J u p i t e r  - d500 km, depending on the  l o c a t i o n  of J u p i t e r ' s  su r f ace  

(Brandt and Hodge 1964). 
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Atmospheric P a r t i c u l a t e s  - Particulate S izes  & D i s t r i b u t i o n s  
(Page 2 j  

: Estimated on the  b a s i s  of thermal l apse  rates. 

Moon -'2 km 
Mercury -.I km 
Mars / ~ 2  km 
Venus u 1  km 
J u p i t e r  -2 km 

: V e r t i c a l  p r o f i l e  d a t a  should be  obtained wi th in  
about one p l ane ta ry  day. 

Measurement Repe t i t i on  Rate: 
Desire d a t a  repea ted  about 4 times during the  p l ane ta ry  year t o  
include seasonal  effects (about 10 r e p e t i t i o n s  per  year  are r ec -  
commended for Mars because of i t s  l a r g e  seasonal  v a r i a t i o n s ) .  

S p e c t r a l  Band & Resolution: 
Polar imetry d a t a  wi th in  a t  l e a s t  t h r e e  d i f f e r e n t  bands i n  the  W, 
v i s i b l e ,  and I R  reg ions  (e.g. ,  2000-30008, 5000-60008 and 1-3r~. 
with h / A A  d 5 0 0 ) .  Active microwave backsca t te r  d a t a  wi th  a t  least 
two wavelengths i n  m i l l i m e t e r  range. 

Not app l i cab le .  Few da ta  po in t s ,  a l t i t u d e  dependence 
requi red .  
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2.5 Atmospheric Structure 
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2.5 Atmospheric S t r u c t u r e  

A. Object ive : Atmospheric Thermodynamic S t a t e  

1. Temperature p r o f i l e  

2. D e n s i t y  p r o f i l e  

3 .  Pressure  p r o f i l e  

4. Vapor con ten t  

5. Global thermal balance 

6 .  Thermal anomalies 

B. Object ive:  Cloud S t r u c t u r e  

1. 

2. Cloud Payers 

Extent  of global cloud coverage 

C. Object ive:  Atmospheric Transport  P rope r t i e s  

1. Coef f i c i en t  o f  v i s c o s i t y  

2. Thermal conduc t iv i ty  

3 ,  Diffus ion  c o e f f i c i e n t s  

4. Radiation t r a n s f e r  c o e f f i c i e n t s  
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OBJECTIVE : 

Observable : 

D e f i n i t i o n  : 

Phenomena: 

Atmospheric Thermodynamic S t a t e  

Temperature P r o t i l e  

Temperature i s  a thermodynamic proper ty  o f  the  atmo- 
sphe r i c  gases,  whose va lue  and p r o f i l e  i s  inf luenced 
by the  g loba l  h e a t  balance and the phys ica l  p r o p e r t i e s  
of t he  c o n s t i t u e n t s .  

The average thermodynamic temperature and i t s  g rad ien t s  
i n  a p l ane ta ry  atmosphere. P r i n c i p a l  temperature 
g rad ien t s  occur i n  the  ver t ical  d i r e c t i o n .  

Poss ib le  Techniques : Atmospheric i n  s i t u  thermal ( I R )  emission 
sensing.  Remote determinat ion of EM s i g n a l  
t ransmission c h a r a c t e r i s t i c s  (occu l t a t ion  
experiment) t o  i n f e r  temperature scale 
he ights .  Remote sens ing  of  thermal emission 
of atmospheric c o n s t i t u e n t s  as a func t ion  of 
wavelength. 

Remote Sensing: Useful.  

Measurement Philosophy: 
Determine the average temperature as a func t ion  of a l t i t u d e .  This 
v e r t i c a l  p r o f i l e  d a t a  i s  d e s i r e d  a t  widely spaced pos i t i ons  of 
l a t i t u d e  and longi tude ,  The =curacy of the temperature determina- 
t i o n  a t  a p a r t i c u l a r  s p a t i a l  p o s i t i o n  should be wi th in  5'K. 
v a r i a t i o n s  i n  the  v e r t i c a l  temperature p r o f i l e  a r e  the g r e a t e s t  
between equa to r i a l  and polar  p o s i t i o n s  f o r  Mars and J u p i t e r .  For 
Mercury, Venus, and the  Moon, t he  l a r g e s t  v a r i a t i o n s  are between 
the subso la r  and a n t i s o l a r  p o i n t s  (Koenig e t  al. 1967, Brandt 
and Hodge 1 9 6 4 ) .  

Global 

P lane ta ry  Coverage & D i s t r i b u t i o n :  
Require a s u f f i c i e n t  number of v e r t i c a l  temperature p r o f i l e s  t o  
deduce t h e  ho r i zon ta l  temperature v a r i a t i o n s  a l s o .  Complete ver t i -  
c a l  temperature p r o f i l e s  a t  d i s t a n c e  intervals equiva len t  t o  approxi- 
mately 30" of e q u a t o r i a l  longi tude ,  and covering the  e n t i r e  p l ane t .  

Scale  of  Observable: V e r t i c a l  p r o f i l e  of temperature extending from 
the  su r face  t o  the  exopshere. 

~ 5 0 0  km ( t y p i c a l  d i s t a n c e  from su r face  a t  which i n t e r -  
p l ane ta ry  condi t ions  are approached) e 

Moon 
Mercury 
Mars 
Venus 
J u p i t e r  - 4 0 0 0  km (depends on l o c a t i o n  of s u r f a c e )  
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Atmospheric Thermodynamic S t a t e  - Temperature P r o f i l e  (Page 2) 

. 
V e r t i c a l  element over which the average temperature does no t  vary  
more than 10°K f o r  t he  near  su r face  regions.  
level (or a d i s t ance  of 100 km f o r  a c loudless  p l ane t ) ,  a reso lu-  
t i o n  element of  10 km should be s u f f i c i e n t .  

Beyond the  cloud 

Moon - -2 km 
Mercury - -1 b, 
Mars - ,42  km 
Venus - -1 km 
J u p i t e r  - /-2 km 

For near  sur face  regions,  dimensions based 
on A T 4 O " K  and an a d i a b a t i c  lapse rate. 

Acquis i t ion  Time: Much less than p lane tary  day. 

Measurement Repet i t ion  Rate: 
Desire  v e r t i c a l  p r o f i l e  da t a  a t  the  same global  pos i t i ons  repeated 
about 4 t i m e s  dur ing the  p l ane ta ry  year .  This i s  p a r t i c u l a r l y  
important f o r  Mars because of i t s  l a r g e  seasonal  v a r i a t i o n s .  

Spec t r a l  Band & Resolution: 
Continuous emission i n t e n s i t y  f o r  select wavelength bands from W 
through the  microwave region.  About 5 bands should be s u f f i c i e n t  
wi th  one each i n  the W, v is ib le  (yellow), near  I R ,  f a r  I R ,  and 
microwave regions (A/A A - tOOO) .  

Imaging: Not app l i cab le .  Limited number of da t a  po in t s  and 
v e r t i c a l  p r o f i l e s  are required.  
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OBJECTIVE: 

Observable : 

Def in i t i on  : 

Phenomena: 

Atmospheric Thermodynamic S t a t e  

Density P r o f i l e  

The average atmospheric dens i ty  and i t s  spa t ia l .  
v a r i a t i o n s  ( p r i n c i p a l l y  a l t i t u d e  v a r i a t i o n s ) .  

Attenuat ion and r e f r a c t i o n  of EM s i g n a l s  due t o  
dens i ty  g rad ien t s .  

Poss ib le  Techniques: In  s i t u  atmospheric sampltng and dens i ty  
a n a l y s i s .  Earth-based t racking  of atmospheric 
probes t o  determine the veh ic l e  drag forces  
(which a r e  d i r e c t l y  propor t iona l  t o  the 
d e n s i t y ) .  Occul ta t ion experiments using 
earth-based r ece ive r s  t o  determine index of 
r e f r a c t i o n  p r o f i l e ,  and hence dens i ty  ( i f  
the composition i s  known). 

Remote Sensing: Not app l i cab le .  The v e r t i c a l  dens i ty  p r o f i l e  
cannot b e  determined d i r e c t l y  from remote ( o r b i t a l )  
sensing of the EM spectrum. 
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OBJECTIVE : 

Observable: 

Def in i t i on  : 

Phenomena: 

Atmospheric Thermodynamic State  

Pressure  P r o f i l e  

The average atmospheric pressure  and the  a s soc ia t ed  
s p a t i a l  v a r i a t i o n s .  P r i n c i p a l  spa t i a l  v a r i a t i o n s  
a r e  wi th  a l t i t u d e .  

The fo rce  p e r  u n i t  area exer ted  by the  atmospheric 
c o n s t i t u e n t s ,  and the v a r i a t i o n s  as a func t ion  of 
a l t i t u d e .  Broadening e f f e c t s  i n  s p e c t r a l  l i n e s  (see 
Comments). 

Poss ib l e  Techniques: Atmospheric probe f o r  i n  s i t u  pressure  
sensing.  Inference  of pressure  from 
o c c u l t a t i o n  da ta  using earth-based r ece ive r s .  

Remote Sensing: Not app l i cab le .  Atmospheric pressure p r o f i l e  
cannot be obtained d i r e c t l y  by remote o r b i t a l  
s ens ing  . 

Comments : 

Theore t i ca l ly  i t  i s  poss ib l e  t o  determine pressure  from s p e c t r a l  
l ine  broadening. However, t h i s  technique gene ra l ly  g ives  p re s su res  
c h a r a c t e r i s t i c  of a c e r t a i n  atmospheric level (e.g. ,  cloud top or  
su r face  p re s su re )  and, as such, i s  n o t  s u i t a b l e  f o r  determining 
v e r t i c a l  p r o f i l e s  by remote s p e c t r a l  a n a l y s i s .  



OBJECTIVE: Atmospheric Thermodynamic S ta te  

Observable: Vapor Content 

Def in i t i on :  The average moisture o r  vapor conten t  of t he  upper 
atmosphere, and i t s  spa t i a l  v a r i a t i o n s .  

Phenomena: Molecular composition and chemical p r o p e r t i e s  e 

Absorption and emission spec t r a .  

Poss ib l e  Techniques: Atmospheric i n  s i t u  sampling and chemical 
a n a l y s i s .  Remote sensing of t he  vapor 
absorp t ion  o r  emission l i n e s .  

Remote Sensinq: Useful 

Measurement Philosophy: 
Determine the  average vapor con ten t  i n  a v e r t i c a l  column above 
the su r face  a s  a func t ion  of l a t i t u d e  and longitude. Data requi red  
only a t  widely-spaced pos i t i ons .  Only the  vapor phases of t h e  
most abundant and r e a d i l y  condensable c o n s t i t u e n t s  are of impor- 
tance (such a s  H20 and NH3) because of t h e i r  in f luence  i n  atmo- 
spher ic  thermodynamics. 

Moon - (?) Minute traces of H20 vapor may be present .  
Mercury - (?) Unknown (metal vapor may be important) .  
Mars Abundance of water vapor i s  of prime importance, a l though 
Venus only s m a l l  amounts are expected. 
J u p i t e r  - Moisture i s  expected t o  be due t o  H20 and NH3. 

Plane ta ry  Coverage & Dis t r ibu t ion :  
Require d a t a  a t  widely-spaced p o s i t i o n s  of l a t i t u d e  and longi tude 
(equiva len t  t o  approximately 30" of e q u a t o r i a l  longi tude) ,  and 
covering the  e n t i r e  p l a n e t .  

Sca le  of Observable: Extent  of ver t ical  p r o f i l e  equiva len t  t o  
d i s t a n c e  from su r face  t o  upper cloud l aye r s  
( i f  any).  

Moon 
Mercury 1 -100 km Mars 
Venus J 
J u p i t e r  - -500 km (?)  
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Atmospheric Thermodynamic S t a t e  - Vapor Content (Page 2 )  

: Estimated on t h e  b a s i s  of thermal lapse rates. 

Moon - - 2 k m  
Mercury - d l  km 
Mars - N 2  km 
Venus - fil km 
J u p i t e r  - N 2  km 

: Much less than one p l ane ta ry  day, 

Measurement Repe t i t i on  Rate: 
Global coverage repea ted  a t  least  4 times during the  p l ane ta ry  
year  t o  inc lude  seasonal  v a r i a t i o n s .  More f requent  measurement 
r e p e t i t i o n s  ( 4  -10) are suggested f o r  Mars because of i t s  l a r g e  
seasonal  v a r i a t i o n s .  

Spectral Band and Resolution: 
Line s p e c t r a  r e s o l u t i o n s  of A / A A & l O O O  are des i r ed .  
l i n e s  corresponding t o  the absorp t ion  bands of the  most abundant 
l i q u i d  vapors  i n  the  p l a n e t ' s  atmosphere (such a s  the water vapor 
and ammonia bands loca ted  i n  the  v i s i b l e  and I R  reg ions) .  See 
f o r  example Goody 1964 f o r  s p e c i f i c  l i n e s .  

S p e c t r a l  

: Not app l i cab le .  Few d a t a  po in t s .  V e r t i c a l  p r o f i l e s  
requi red .  

Comments : 

Vapor abundances determined from l i n e  s p e c t r a  are s t rong ly  de- 
pendent on the  degree of mul t ip l e  s c a t t e r i n g  (usua l ly  unknown). 
Hence, remote s p e c t r a l  sensing w i l l  n o t  g ive  r e l i a b l e  r e s u l t s  
without  support ing measurements on the atmospheric r a d i a t i o n  and 
s c a t t e r i n g  p rope r t i e s .  
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OBJECTIW : 

Observable : 

Def in i t i on :  

Phenomena: 

Atmospheric Thermodynamic S t a t e  

Global Thermal Balance 

The g l o b a l  balance between the  i n c i d e n t  s o l a r  
r a d i a t i o n  and the  average emission from the p l a n e t  
i n t o  i n t e r p l a n e t a r y  space. Only the  average thermal 
f l u x  i s  d e s i r e d  i n  order  t o  determine whether i n t e r -  
na l  h e a t  sources  o r  conversion t o  o the r  forms of 
energy occurs wi th in  a p l a n e t  o r  i t s  atmosphere. 

EM r a d i a t i o n  (x-ray through RF).  

Poss ib le  Techniques: Earth-based d e t e c t i o n  of  r a d i a t i o n  coupled 
wi th  a knowledge of the p l ane ta ry  albedo 
and t h e  inc iden t  s o l a r  r a d i a t i o n .  Inc iden t  
and emit ted r a d i a t i o n  a t  o r b i t a ' l  a l t i t u d e s .  

Remote Sensing: Not app l i cab le .  I n  s i t u  p l ane ta ry  o r b i t  and 
Earth-based measurements provide the  necessary 
da t a .  

Comments: 

I n t e r n a l  d e t a i l s  regarding the thermal balance wi th in  the  atmo- 
sphere are considered i n  o the r  observahles (Temperature P r o f i l e ,  
Thermal Anomalies, e t c . )  and hence t h e i r  con t r ibu t ions  t o  the  
t o t a l  p l ane ta ry  balance are no t  considered here.  
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OBJECTIVE: Atmospheric Thermodynamic State 

Observable : Thermal Anomalies 

Definition: Thermal characterisaics associated with anomalous 
regions of large viscous and ohmic dissipation, 
continuous volcanic outgassing, latent heat re- 
lease due to phase changes, and related events. 

Phenomena: Temperature and heat flux variations. 

Possible Techniques: Remote sensing of localized temperature 
anomalies (IR and microwave regions). In 
situ atmospheric thermocouple probe. 

Remote Sensing: Very useful. 

Measurement Philosophy: 

Make regional searches for anomalous temperature departures from 
the global average, and examine these thermal regions at high 
resolution. 

Moon - Not applicable, no large-scale anomalous thermal 
Mercury sources expected in the tenuous atmosphere. 
Mars - Emphasis on latent heat due to phase changes expected 

near the polar regions (Sagan 1961). 
Venus - Frictional dissipation from large scale dust and sand. 

storms may be important, as well as possible volcanic 
injection into the atmosphere (Opik 1961, Davidson 
and Anderson 1967). 

within the rapidly rotating cloud belts, and ohmic 
currents in the lower atmosphere could all be present 
(Hide 1965). 

Jupiter - Heat release due to phase changes, viscous dissipation 

Planetary Coverage and Distribution: 

Moon - 
Mercury 
Mars 
Venus - 
Jup it e r 

Not applicable a 

Planetwide search required, with detailed studies at 
high resolution yerformed only over anomalous regions 
(such as Jupiter s "red spot"). 
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- Page 2 - 
Atmospheric Thermodynamic S t a t e  - Thermal Anomalies (Cont'd) 

Scale  of Observable: 

Mars Unknown, s c a l e  can r,ange from 10 km up t o  p lane t -  
Venus - wide d i s t r i b u t i o n  (depends on source of thermal 
J u p i t e r  a c t i v i t y ) .  

S p a t i a l  Resolution: 

Mars Unknown, rough guess would be  IO km f o r  search,  with 
Venus - 1 km r e s o l u t i o n  f o r  d e t a i l e d  study. Perhaps less 
J u p i t e r  s t r i n g e n t  requirements f o r  J u p i t e r .  

Acquis i t ion  Time:  

Mars 
Venus - Much less than a p lane tary  day. 
J u p i t e r  

Measurement Repet i t ion  Rate: 

Mars Global coverage completed a t  least  twice during 
Venus - plane tary  y e a r ,  wi th  f requent  (perhaps d a i l y  o r  
J u p i t e r  hourly)  coverage of anomalous thermal regions a t  

higher  r e so lu t ion  once they are de tec ted .  

SDectral  Band and Resolution: 

Mars Three o r  four  s e l e c t  s p e c t r a l  broadbands wi th in  t h e  
Venus - I R  through microwave regions f r e e  of s t rong  absorp- 
J u p i t e r  t i o n  l i n e s  (such a s  those due t o  H 0 and NH3). Sug- 

gested bands are i n  the  8 - 1 4 ~ ,  1 8 - 3 0 ~ ,  1-2 mm, and 
1-3 cm wavelength regions.  Broadband r e so lu t ion  of 
h /Ah c3 1000 i s  des i r ed .  

Imaginq: Very u se fu l  
- Moon Mercury Mars Venus J u p i t e r  

I R  wideband (3-4Op) C B B 
Microwave (1 nrm-10 cm) 
Mul t i spec t r a l  (3 -40p ,  4 0 - 1 0 0 ~ ,  
1 mm-10 em, 10-100 cm) 

C B A 

C A A 
(A = very use fu l ,  B = use fu l ,  C = not  very use fu l )  
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- page 3 - 
Atmospheric Thermodynamic State - Thermal Anomalies (Cont'd) 

Comments : 

Estimated temperature ranges and desired resolutions are: 

Mars 150-300°K 2°K 
Venus 200-700°K 5°K 

Range Resolution 

Jupiter 100 -300 OK 2°K 
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Cloud S t r u c t u r e  OBJECTIVE : 

Observable: 

D e  f i n i  t ion  : 

Phenomena : 

Extent  of Global Cloud Coverage 

The average l a rge - sca l e  cloud coverage over the 
p l a n e t a r y  su r face  and the v a r i a t i o n s  i n  t h i s  g loba l  
coverage during the p l ane ta ry  year.  

S p e c t r a l  emit tance and r e f l e c t a n c e  of g loba l  cloud 
f e a t u r e s ,  and the temporal v a r i a t i o n s  of these  
f e a t u r e s ,  P a r t i c u l a t e s  a s soc ia t ed  with cloud forms. 

Poss ib l e  Techniques: Remote sens ing  (W, v i s i b l e ,  and I R )  of 
clouds t o  determine t h e i r  ex i s t ence  and 
s p a t i a l  ex t en t .  I n  s i t u  atmospheric probe 
and c loud p a r t i c u l a t e  de t ec to r .  

Remote Sensing: Very u s e f u l  

Measurement Philosophy: 
Examine the  average s p a t i a l  cloud coverage surrounding the  p l a n e t  
and the  long-term o r  seasonal  v a r i a t i o n s  o f  t h i s  coverage. The 
p r i n c i p a l  ob jec t ive  i s  t o  determine only the  gross  f e a t u r e s  of t h e  
p l ane ta ry  cloud system. 

Not app l i cab le ,  no known clouds.  Moon 
Mercury 
Mars - Observed clouds a r e  v a r i a b l e  i n  e x t e n t  and loca t ion .  

Clouds a r e  observed t o  encompass e n t i r e  p l ane t .  Venus 
J u p i t e r  

P l ane ta ry  Coverage & Dis t r ibu t ion :  
Determine gross  cloud f e a t u r e s  as a func t ion  of l a t i t u d e  and 
longi tude  over t he  p l ane ta ry  d isk .  

Mars - 60-100% g loba l  coverage requi red  i n  order  t o  ensure 
inc lus ion  of  p l ane ta ry  cloud v a r i a t i o n s .  

Venus 80-100% coverage needed t o  encompass e n t i r e  cloud 
J u p i t e r  sys  t e m .  

Scale  of Observable: 
Highly v a r i a b l e ,  requi red  dimension i s  the t y p i c a l  s c a l e  over 
which the  cloud forms change appreciably.  

Mars - 1200 km x 1200 km 
Venus - 2000 km x 2000 km 
Jup i t e r  - 18,000 km x 18,000 km (based on ~ 1 5 "  width of cloud 

Estimated s c a l e  based on a region 
encompassing -20" of Lat i tude.  

b e l t s  and zones) 

{ 
-83- 



Cloud S t r u c t u r e  - Extent  of Global Cloud Coverage (Page 2)  

Resolution should be considerably be t te r  than the  LOO km linear 
r e s o l u t i o n  obta inable  wi th  Earth-based te lescopes  

Based on a t t a i n i n g  a r e s o l u t i o n  

beyond present da t a .  
Mars } lo k* lo km approximately one order-of-magnitude 
Venus 

. J u p i t e r  i 
Acquis i t ion  Time:  Desire complete g loba l  coverage wi th in  approxi- 

Mars - -24  1 /2  hours (period of r o t a t i o n )  
Venus - rJ4 e a r t h  days, based on the  apparent  r o t a t i o n  r a t e  of 

J u p i t e r  - U l O  hours (period of r o t a t i o n ) .  

mately one p l ane ta ry  day. 

upper l e v e l  clouds (Boyer and N e w e l 1  1 9 6 7 ) .  

Measurement Repe t i t i on  Rate: Data on the average g loba l  cloud 

Global coverage should be repeated a t  l e a s t  10 t i m e s  
Venus during the  p l ane ta ry  year .  For Mars t h i s  va lue  should 
J u p i t e r  be  a t  l ea s t  doubled t o  adequately encompass the t e m -  
Mars 1 p o r a l  v a r i a t i o n s  during seasonal  changes. 

coverage i s  d e s i r e d  a t  repeated 
i n t e r v a l s  during the  p l ane ta ry  year.  

S p e c t r a l  Band & Resolution: 

Venus and I R  ( 1 - 3 0 ~ ) .  Mul t i spec t r a l  sens ing  i s  d e s i r a b l e  t o  
J u p i t e r  d e l i n e a t e  between the  gross  f e a t u r e s  of d i f f e r e n t  types 

Mars I 
of cloud cover ( reso lu t ion :  A/AA ~ 5 0 0 ) .  

Near UV (2000-4000A) ,  v i s ib l e  broadband (4000-75008)  

Imaging: Very use fu l .  The vast  number of d a t a  elements and t h e i r  
t i m e  dependence r e q u i r e s  the  use of  o r b i t a l  imaging. 

Mars Venus J u  i t e r  
TJV broadband (2000-4000;;) -c- T+ 
V i s i b l e  broadband (4000-75OOA) A A A 
I R  broadband ( 1 - 2 ~ )  C A A 
I R  broadband (10 -30~)  C A A 
M u l t i s p e c t r a l  (4 -6  bands 

between 20008 and 301~) A A A 

(A = very  use fu l ,  C = n o t  ve ry  u s e f u l )  

-84-  



Cloud S t ruc tu re  - Extent  of Global Cloud Coverage (Page 3) 

Comments : 

It  should be noted t h a t  g loba l  cloud coverage could also be 
accomplished through the establ ishment  of numerous ground- 
based observat ion pos t s .  But the na tu re  of the observable 
(g loba l  cloud coverage) c l e a r l y  i n d i c a t e s  t h a t  i t  i s  most 
e f f i c i e n t l y  s tud ied  from o r b i t a l  d i s t ances .  
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Cloud S t r u c t u r e  OBJECTIVE - : 

LOb s ervab l e  : 

D e  f i n  i t ion  : 

Phenomena: 

Cloud Layers 

The average number and th ickness  of cloud forms 
which ex i s t  a t  va r ious  a l t i t u d e s  i n  a p l a n e t ' s  
atmosphere. 

The composition and s i z e  of the  p a r t i c u l a t e s  
c h a r a c t e r i z i n g  a cloud layer .  The r e f l e c t i v i t y  and 
s c a t t e r i n g  p r o p e r t i e s  of clouds.  

: I n  s i t u  atmospheric probe and p a r t i c u l a t e  
d e t e c t o r .  Occul ta t ion experiment d a t a  
using Earth-based r ece ive r s .  Remote sens ing  
of r ada r  r e t u r n s .  

Remote Sensing: Useful 

* 

Determine t h e  average number of c loud l a y e r s  and t h e i r  thickness  
as a func t ion  of a l t i t u d e .  Data requi red  only a t  random pos i t i ons  
( ~ 1 0 0 )  of  l a t i t u d e  and longi tude.  

- Not app l i cab le ,  no known clouds Moon 
Mercury 
Mars - Sparse cloud coverage wi th  only a f e w  d i s t i n c t  layers. 
Venus - Very dense atmosphere, could be one extensive cloud or 

J u p i t e r  - Strong p o s s i b i l i t y  of mu l t ip l e  cloud layers ,  some of 
many independent l aye r s .  

which may be composed of H 2 0  and NH3 i c e  c r y s t a l s .  

Desire v e r t i c a l  p r o f i l e s  g iv ing  the  average number and thickness  
of cloud l a y e r s  a t  random p o s i t i o n s  of l a t i t u d e  and longi tude 
( ~ 1 0 0  p r o f i l e s ) ,  and covering the  e n t i r e  g loba l  su r f ace ,  

Mars - P a r t i c u l a r  emphasis on po la r  regions.  
Venus - A l l  g loba l  p o s i t i o n s  of approximately equal  importance., 
Jup i t e r  - Lat i tude  v a r i a t i o n s  of cloud l aye r  and thickness  vari-  

a t i o n s  below the  va r ious  b e l t  f e a t u r e s  are of s p e c i a l  
i n t e r e s t .  
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kloud S t ruc tu re  - Cloud Layere (Page 2) 

Scale  of Observable : 
Estimated s c a l e s  are based on the v e r t i c a l  e x t e n t  over which cloud 
layer ing  could e x i s t ,  which i s  the d i s t ance  from the sur face  t o  the  
upper most c louds . 

} 100 t o  200 km Mars 
Venus - 

J u p i t e r  - 500 km, dependent on the  loca t ion  of surface.  

Spatial Resolut ion:  

Venus of a c h a r a c t e r i s t i c  dimension f o r  cloud thickness  
Mars J u p i t e r  } (Tverskoi 1965). 

1 km, est imated from Earth experience on the b a s i s  

Acquis i t ion  Time:  Much less than a p lane tary  day. 

Measurement Repet i t ion  Rate: 

Global coverage repea ted  a t  least 10 t i m e s  during the p l ane ta ry  
year  t o  assess seasonal  v a r i a t i o n s .  Spec ia l  emphasis i s  des i r ed  
f o r  the aphel ion p o s i t i o n ,  p a r t i c u l a r l y  f o r  Mars, when the ob- 
served clouds are most preva len t  (Sharonov 1964). 

Spec t r a l  Band & Resolut ion:  

Act ive mult i f requency microwave bands (such as the  K,  X ,  C y  S, 
and L bands of r ada r  a t  1, 3 ,  5 ,  10 and 20 cm) t o  d i scr imina te  
between the  a t t e n u a t i o n  and r e f l e c t i o n  due t o  var ious  types of 
c louds a t  d i f f e r e n t  a l t i t u d e s .  LShorter wavelengths (1 and 3 cm) 
only are u s e f u l  f o r  Mars. 

Imaging: N o  appl icable .  Few da ta  po in t s  

Comnen t s : 

Active r ada r  techniques have a major disadvantage i n  t h a t ,  f o r  a 
completely cloud covered p l ane t  wi th  a dense cloud l aye r  a t  a cer- 
t a i n  e l e v a t i o n ,  the r ada r  a l t i t u d e  s i g n a l  may be r e f l e c t e d  a t  a l l  
wavelengths from one of the  upper cloud levels. This  would pre-  
v e n t  de t ec t ion  of lower a l t i t u d e  cloud l a y e r s  which would have t o  
be de tec ted  by some o the r  means, such as an atmospheric probe. 
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OBJECTIVE: Atmospheric Transport  P r o p e r t i e s  

Observable: C o e f f i c i e n t  of V i scos i ty  

Def in i t ion :  The c o e f f i c i e n t  of v i s c o s i t y  i s  a measure of t h e  
i n t e r n a l  f r i c t i o n  of a f l u i d  element. 

,Phenomena: Phenomenological c o e f f i c i e n t  which i s  usua l ly  
determined experimental ly  from t h e  r a t i o  of  the  
shea r  stress t o  the  v e l o c i t y  g r a d i e n t  of a f l u i d  
i n  motion (Prandt l  1952).  

Poss ib l e  Techniques: In s i t u  atmospheric measurements of shear  
stress and accompanying v e l o c i t y  g rad ien t s .  
Determination of atmospheric temperature 
and composition (on which the  c o e f f i c i e n t  
of v i s c o s i t y  i s  dependent) and deduction 
of the v i s c o s i t y  from l abora to ry  comparisons. 

Remote Sensing;: Not app l i cab le .  Direct determinat ion of v i s c o s i t y  
r e q u i r e s  a sample  of the  gas.  

Comments: Although v i s c o s i t y  information can be est imated from 
temperature p r o f i l e s ,  composition,and atmospheric 
motion observat ions,  these  observables a r e  t r e a t e d  i n  
d e t a i l  elsewhere. 
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QRJECTIVE : 

Observable: 

D e  f i n i  t ion  : 

Phenomena : 

Atmospheric Tranpport P r o p e r t i e s  

Thermal Conduct ivi ty  

The thermal conduc t iv i ty  i s  a proper ty  of the  
atmospheric f l u i d  which measures t h e  energy 
exchange c a p a b i l i t i e s  of  the gas c o n s t i t u e n t s .  

Phys ica l  p r o p e r t i e s  of t h e  gas which i s  
determined from the  r a t i o  of the hea t  f l u x -  to the  
s p a t i a l  temperature grad ien t .  , 

Poss ib le  Techniques: I n  s i t u  atmospheric measurements of t he  
molecular a c t i v i t y  t o  determine the  hea t  
f l u x  and temperature g rad ien t s  D e  ter- 
mination of atmospheric composition and 
temperature, and deduction of t he  thermal 
conduc t iv i ty  from l abora to ry  comparisons. 

Remote Sensinq: Not app l i cab le .  Samples of the f l u i d  are requi red  
f o r  i n  s i t u  determinat ion.  

Comments : 

Although the  ord inary  molecular thermal conduct iv i ty  can be de- 
termined from l abora to ry  comparisons, once t h e  thermal s ta te  and 
composition of t he  atmosphere i s  known, the "ef fec t ive"  thermal 
conduc t iv i ty  needed f o r  many engineer ing c a l c u l a t i o n s  has a com- 
ponent due t o  atmospheric turbulence.  This  in f luence  of turbulence 
i s  d i f f i c u l t  t o  assess and r e q u i r e s  i n  s i t u  atmospheric experi- 
ments. Information re la t ive  t o  the  thermal conduct iv i ty  can be 
i n f e r r e d  from temperature p r o f i l e s  and g loba l  thermal balance. 
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OBJECTIVE: Atmospheric Transport  P r o p e r t i e s  

Observable : Diffus ion  C o e f f i c i e n t s  

Def in i t i on :  Di f fus ion  c o e f f i c i e n t s  f o r  t he  var ious  molecular and 
charged p a r t i c l e s  are a measure of the  a b i l i t y  of 
t he  atmospheric c o n s t i t u e n t s  t o  migrate from one 
s p a t i a l  reg ion  t o  another  when a dens i ty  g r a d i e n t  
e x i s t s  (see, f o r  example, Chapman and Cowling (1960)). 

Phenomena: A t r a n s p o r t  c o e f f i c i e n t  which i s  a proper ty  of  t he  
i n d i v i d u a l  atmospheric spec ie s ,  and i s  determined 
from the  r a t i o  of the  molecular c u r r e n t  d e n s i t y  t o  
t h e  number d e n s i t y  g rad ien t  of a p a r t i c u l a r  c o n s t i t u e n t .  

Poss ib l e  Techniques: I n  s i t u  atmospheric measurements of the  
ind iv idua l  p a r t i c l e  migrat ion rates and 
d e n s i t y  g rad ien t s .  Inference  of d i f f u s i o n  
c o e f f i c i e n t s  from l abora to ry  r e s u l t s  when 
the thermodynamic s ta te  and atmospheric 
composition are known. 

Remote Sensing;: Not app l i cab le .  The c o e f f i c i e n t s  cannot b e  
d i r e c t l y  determined by remote means. 

Comments: Some information re la t ive  t o  d i f f u s i o n  c o e f f i c i e n t s  
can be  deduced i n d i r e c t l y  from atmospheric compositional 
v a r i a t i o n s ,  d e n s i t y  p r o f i l e s ,  and v e l o c i t y  measurements. 
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OBJECTIVE : 

Observable : 

Def in i t i on :  

Phenomena: 

Atmospheric Transport  P rope r t i e s  

Radiat ion Transfer  Coef f i c i en t s  

The va lue  and s p a t i a l  v a r i a t i o n s  of t he  atmospheric 
r e f l e c t a n c e ,  absorptance and t ransmi t tance  c o e f f i c i e n t s  . 
The amount of r a d i a n t  energy absorbed, emit ted,  and 
r e f l e c t e d  by an element of f l u i d  (see, f o r  example, 
Goody ( 1 9 6 4 ) ) .  

Poss ib l e  Techniques: I n  s i t u  atmospheric probe t o  analyze the  
v a r i a t i o n s  wi th  depth of the  r a d i a t i o n  
t r a n s f e r  c o e f f i c i e n t s .  Inference  of the  
r a d i a t i o n  p r o p e r t i e s  from l abora to ry  r e s u l t s  
o r  theory when the  atmospheric composition 
and thermodynamic s ta te  are known. 

Remote Sensing: Not app l i cab le .  Remote measurements w i l l  n o t  
g ive  the  ind iv idua l  c o e f f i c i e n t s  w i th in  each l a y e r  
of t he  atmosphere. 

Comments: 

The information r e l a t e d  t o  the average r a d i a t i o n  p r o p e r t i e s  i n  
t h e  upper atmosphere could be  obtained by remote sensing, but 
t hese  r e s u l t s  would relate t o  the  combined in f luence  of conduc- 
t i o n ,  convection, and turbulence.  
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2.6 Active Atmospheric Processes 
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2.6 Active Atmospheric Processes 

A. Object ive:  Atmospheric C i rcu la t ion  & Motion 

1. Global wind v e l o c i t i e s  

2 . Convective cel ls  and turbulence 

3 .  Cloud formation and a s soc ia t ed  motion 

B. Object ive:  Weather 

1, P r e c i p i t a t i o n  type and n a t u r e  

2.  P r e c i p i t a t i o n  ra te  and v a r i a t i o n s  

3 .  Thunderstorms 

4 Cyclone format ions  

5. Atmospkere-surface i n t e r a c t i o n s  

C. Object ive:  Atmospheric Energy Transfer  Processes 

1. S o l a r  r a d i a t i o n  

2 .  Airglow 

3 .  s ( -par t ic les ,  protons,  and e l e c t r o n s  

4. Cosmic r ays  

5, Meteoroids 

6 .  I o n i z a t i o n  and recombination rates 

7.  Surface t o  atmosphere t r a n s f e r  
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OBJECTIVE : Atmospheric Circulation and Motion 

Observable : Global Wind Velocities 

Definition : The atmospheric motions associated with the 
large scale global circulation pattern. 

Phenomena : The magnitude and direction of the large scale 
wind patterns (i.e., velocity vector) in a 
planetary atmosphere. 

Possible Techniques: Atmospheric in situ velocity measurements 
with a probe. Tracking data from buoyant 
tracers which move with the fluid elements. 
Remote sensing and analysis of the Doppler 
shift in the line spectrum of the moving 
atmospherk constituents. 

Remote Sensing: Useful 

Measurement Philosophy: 

Determine the average velocity vector, and hence circulation 
patterns, of the large scale motions as representative spatial 
positions throughout the atmosphere. 

Moon 
Mercury phere. 
Mars - General circulation pattern is between equatorial and 
Venus - Major circulation regime is expected to extend from 
Jupiter - Circulation at the upper cloud levels is principally 

- Not applicable, since no appreciable mass motions are 
expected due to the lack of any significant atmos- 

polar positions (Mintz 1961).  

the subsolar and antisolar points (Mintz 1962).  

parallel to the equator, with possible equator to 
pole motions at lower altitudes (Hide 1966).  

Planetary Coverage and Distribution: 

Require velocity measurements at a sufficient number of positions 
(throughout the entire planetary atmosphere) to establish the 
global circulation pattern. 

Mars Require vertical profiles of the velocity vector that 
Venus - are spaced at intervals of approximately each 5,to 10" 
Jupiter of latitude and longitude, in order to detect possi- 

ble "wave" type re imes and "jet streams" such as exist in the Earth $ s atmosphere (Tverskoi 1965).  



Atmospheric C i rcu la t ion  and Motion - Global Wind Veloc i t ies  (Page 2)  

Scale  of Observables: 

The minimum s i g n i f i c a n t ,  l a r g e  s c a l e ,  atmospheric dimension 
(which corresponds t o  v e r t i c a l  p r o f i l e s )  e Beyond the  uppermost 
cloud levels t h e  m a s s  flow r a t e  i s  probably n e g l i g i b l e  i n  com- 
par ison t o  the  lower l e v e l  a c t i v i t y .  

Mars - 100 t o  200 km, corresponding t o  v e l o c i t y  vec tor  pro- 
Venus f i l e s  extending from the  sur face .  t o  beyond Che upper- 

J u p i t e r  - 500 km, dependant on the  ex ten t  of t h e  s i g n i f i c a n t  
most cloud l e v e l s .  

atmosphere. 

SDatial  Resolut ion:  

Estimated on the  b a s i s  of t he  c h a r a c t e r i s t i c  dimension ( v e r t i c a l )  
over which the  v e l o c i t i e s  can change by an order  of magnitude. 
w 1  t o  10 km, based on Ear th  experience s i n c e  nothing i s  known 
about v e r t i c a l  v e l o c i t y  grad ien ts  wi th in  the  atmospheres of 
o the r  p l ane t s  e 

Acquis i t ion  T i m e :  

A t i m e  of t he  order  of L/V, where L = minimum reso lu t ion  dimen- 
s ion  and V = f l u i d  v e l o c i t y  (thus f o r  L = 1 km and V = 10 m/sec, 
t he  a c q u i s i t i o n  t i m e  @ 100 s e c ) .  

Measurement Repet i t ion  Rate: 

Large s c a l e  wind and c i r c u l a t i o n  p a t t e r n s  w i l l  change s l o w l y  
wi th  t i m e ,  wi th  t.empora1 v a r i a t i o n s  p r i n c i p a l l y  of a c y c l i c  
na ture .  

Mars - Complete g loba l  coverage a t  l e a s t  once during each of 

Venus - Global coverage repeated a t  l e a s t  twice during plane- 
Jup i t  e r 

the  4 seasons.  

t a r y  y e a r  t o  eva lua te  long t e r m  v a r i a t i o n s .  

Spec t r a l  Band and Resolut ion:  

Depends on t h e  t r a c e r  element of buoy s i g n a l .  
C02 l i n e s  (Venus and Mars) and CH4 l i n e s  (Ju i t e r )  loca ted  i n  

d e t e c t  v e l o c i t y  d i f f e rences  of 5 m/sec. 

For the  case of 

t he  I R  region,  a r e so lu t ion  of A A N ~  x lo-4 H i s  required t o  
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Atmospheric C i rcu la t ion  and Motion - Global Wind Ve loc i t i e s  (Page 3 )  

Imaging : 

Not appl icable .  Few da ta  poin ts ,  required s p e c t r a l  r e so lu t ion  very 
d i f f i c u l t  f o r  even f u t u r i s t i c  imagers t o  achieve.  
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OBJECTIVE: 

Observable; 

Atmospheric Circulation and Motion 

Convective Cells and Turbulence 

De fin it ion : Convective cells consist of adjacent vertical 
columns of warm and cool fluid alternately ascend- 
ing and descending, along with the associated 
large scale turbulence that occurs with thermal 
instability of a stratified fluid (Chandrasekhar 
1961). 

Phenomena: Temperature variations between adjacent columns. 
Velocities associated with rising and falling 
fluid elements. The number and extent of cellu- 
lar regions. 

Pos s ib le Techniques : Remote multispectral (visible, IR, micro- 
wave) sensing. Spectrometry to determine 
motions from the Doppler shift of individ- 
ual spectral lines. In situ atmospheric 
probe to determine convective cell motions 
and temperatures. 

Remote Sensing: Useful 

Measurement Philosophy: 

Make regional searches for convective cells and examine in 
detail the associated motions and temperature variations only 
within representative regions. 

Moon Probably not applicable due to the lack of any s i g -  
Mercury nificant atmosphere. 
Mars - Mass transfer in cells likely to be small due to 
Venus - High surface temperatures increase the probability 
Jupiter - High rotation rate may obscure lower level activity. 

tenuous atmosphere. 

for convective activity. 

Planetary Coverage and Distribution: 

Planet-wide search required, with emphasis on regions noted. 
Detailed studies at high resolution over -20 percent atmosphere 
is estimated as sufficient to determine the representative 
structure . 
Mars - Emphasis on equatorial and polar regions. 
Venus - Subsolar and antisolar positions are of greatest interest. 
Jupiter - Emphasis on anomalous areas (e.g., red spot) and lati- 

tude variations through the belt markings. 
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Atmospheric Circulation and Motion - Convective Cells and 
Turbulence (Page 2) 

Scale of Observable: 

Unknown, dimensions of convective cells vary with the degree of 
thermal instability between atmospheric layers (probable scale 
could vary from a few kilometers up to several hundred kilometers); 

Spatial Resolution: 

r ~ l 0  km x 10 km for search mode, withwl km x 1 km desirable for 
detailed structure within the cells (estimates based on equiva- 
lent resolutions used for study of Earth cloud formations). 

Acquisition Time: 

Within a time less than any appreciable seasonal variations. 
Not critical, since the general vertical transport modes and 
cellular activity would tend to be consistent (or continuously 
repetitive) within a certain region (e.g., the subsolar point on 
Venus). 
able departures from regularity, but the details are unknown 
(Focus 1963). 

Temporal variations on Jupiter might exhibit consider- 

Measurement Repetition Rate : 

Mars - Complete coverage during each of the four seasons. 
Venus - Global coverage twice during the planetary year is 

Jupiter - Same as Venus, unless anomalous temporal variations 
estimated as sufficient. 

are detected. 

SDectral Band and Resolution: 

Broadband with resolution o’f h /Ahh t  1000. Visible red (6500 to 
7500 A ) .  
and Venus (e.g., 6-14p and 18-30p), and free of N&3 lines on 
Jupiter (such as 1 8 - 3 0 ~ ) .  Microwave results (1-3 cm) are also 
desired for Venus and Jupiter to determine the vertical extent 
of the convective activity (since the p-wave emission is capable 
of penetrating upward from the lower altitudes). 

Thermal IR windows which are free of CO lines on Mars 
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Atmospheric Circulation and Motion - Convective Cells and 
Turbulence (Page 3) 

Imaging: Useful 
_IL Mars Venus Jupiter 

Visible broadband (6500-7500 8 )  B A A 
IR broadband ( 6 - 1 4 ~ )  B A 
IR broadband (18-30~) B A A 
Passive microwave (1 -3  cm) A A 
Passive microwave (3-10 cm) A A 

(A = very useful, B = useful) 

Comments : 

Convective activity within the lower atmospheric layers may be 
difficult to interpret from remote sensing data if the vertical 
extent of the cells does not penetrate upward to the higher 
cloud levels. In this case, atmospheric probes are desirable 
for supporting measurements. An alternate approach to the 
broadband sensing discussed above is to sense the emission at 
several wavelengths within a particular absorption band, from 
which temperature differences AT can theoretically be deduced. 
This technique requires a knowledge of the atmospheric emission 
and absorption properties as a function of wavelength (Astheimer 
1965) and, hence, is not readily applicable to atmospheres other 
than the Earth's. 
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OBJECTIVE: Atmospheric Circulation and Motions 

Observable: Cloud Formation and Associated Motion 

Definition: Active processes involving condensation and 
evaporation cycles (and large scale dust cloud 
formations) in the atmosphere of a planet. 

Phenomena: Spectral characteristics (UV, visible, IR, and 
microwave) associated with the formation and 
motion of particulates in a cloud system. 

- Possible Techniques : Remote multispectral broadband (UV, visi- 
ble, and IR) sensing. In situ atmospheric 
radiation and particulate detection. 
Remote spectrometric "Doppler shift " 
velocity measurements. 

Remote Sensing: Very useful, 

Measurement Philosophy: 

Examine in detail the temporal variations associated with cloud 
formation and observe the inherent motions associated with the 
formation process. This data is desired only for representative 
cloud samples at random positions throughout the atmosphere. 

Moon - Not applicable, no known clouds. 
Mercury - Not applicable, no known clouds. 
Mars - Various cloud forms (white, blue, and yellow') require 

Venus - Complete cloud coverage o f  which very little is known. 
Jupiter - Complete cloud coverage involving rapid dynamic 

individual examination (Michaux 1967b) .  

mot ions 

Planetary Coverage and Distribution: 

Require information on cloud formations selected at random posi- 
tions over the planet, coverage of 10 to 20 percent is estimated 
as sufficient to cover representative samples of known planetary 
clouds. 
Mars - 
Venus - 

Jupiter - 

Random distribution with particular emphasis on equa- 
torial zones and polar caps. 
Random distribution with emphasis on subsolar, anti- 
solar and polar regions. 
Emphasis on regions of red spot, tropical disturbances, 
and latitude variations of  cloud formations e 



Atmospheric Circulation and Motions - Cloud Formation and 
Associated Motion (Page23 ' 

Scale of Observable: 

The exact scale desired will vary appreciably depending on the 
type of cloud formation and the planet under consideration. 
Estimated scale size is based on an area covering -10" of lati- 
tude and longitude as being more than sufficient for most pre- 
sently'known planetary cloud formations. 

Mars -d600 km x 600 km 
Venus - @loo0 km x 1000 km 
Jupiter - ~ ) 1 2 , 0 0 0  km x 12,000 km 

Spatial Resolution 

Require about 1 km linear resolution for study of individual 
cloud details (Bird et al. 1964). At )Jupiter about 10 km is 
adequate. 
Acquisition Time: 

Acquisition time for obtaining data must be much less than the 
characterLstic time required for a cloud to significantly alter 
its features or location. This is difficult to assess precisely 
due to extreme variations of cloud types and our ignorance of 
other planets. The dynamical activity on Jupiter indicates that 
a shorter acquisition time is necessary than for the terrestrial 
planets (Hide 1962) a 

Mars - 1-10 min. 
Venus - 1-10 min. 
Jupiter - 10 sec (?)  

Measurement Repetition Rate : 

Can vary appreciably, depending on the type of cloud formation 
under observation. In general it is estimated that a factor of 
10 times the acquisition time should be an adequate interval for 
most cases. Repeated coverage at designated intervals is re- 
quired for the duration of the formation process. For Mars, 
cloud observations should be repeated at least once during each 
season with special emphasis at perihelion. 
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Atmospheric C i r c u l a t i o n  and Motions - Cloud Formation and 
Associated Motion (Page 3)  

S p e c t r a l  Band and Resolut ion:  

Broadband da ta  requi red ,  w i t h  re la t ively low spec t r a l . . r e so lu t fon  
(A/Ah F, 500) Mul t i spec t r a l  d a t a  p a r t i c u l a r l y  use fu l ,  s ince  
d i f f e r e n t  cloud forms r e f l e c t  r a d i a t i o n  most s t rongly  i n  pa r t i cu -  
l a r  s p e c t r a l  reg ions ,  

Imaging: Very u se fu l  
Mars Venus J u p i t e r  - 

UV broadband (2000-4000 A> B B C 
V i s ib l e  broadband (4000-7500 A> A A A 
I R  broadband (1-2p) 
I R  broadband ( 1 0 - 3 0 ~ )  

C A A 
C A A 

Mul t i spec t r a l  (4-6 bands from 
2000 8, t o  3 0 ~ )  A A A 

(A = very u s e f u l ,  B = u s e f u l ,  C = not  very use fu l )  

Comments : 

Mul t i spec t r a l  imaging i s  des i r ed  i n  a t  least  the  four  bands in -  
d i c a t e d .  The UV r e s u l t s  a r e  p a r t i c u l a r l y  important f o r  Venus 
where p re sen t  da t a  i n d i c a t e s  anomalous motions €or clouds ob- 
served i n  ,chis band. In a d d i t i c n ,  IR and W da ta  would be use- 
f u l  f o r  i n t e r p r e t a t i o n  o f  cloud formation l e v e l s ,  temperatures ,  
and t h e  phys ica l  processes  which a r e  a c t i v e .  
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OBJECTIW: Weather 

Observable: P r e c i p i t a t i o n  Type and Nature 

Definj.ti0-n: The average compos t i o n  and phase ( e . g e O  l i qu id ,  
ice, snow-flake, dus t ,  e tc , )  of p r e c i p i t a t i o n  
p a r t i c u l a t e s ,  

Phenomena: Chemical composition of p r e c t p i t a b l e  p a r t i c u l a t e s  
Latent hea t  a s soc ia t ed  w i t h  phase changes 
phase o r  s t a t e  of p r e c i p i t a b l e  ma te r i a l s  

Chemlcal 

: In  s i t u  atmospheric probe and chemical. 
ana lys i s  ., Plane tary  surface-based analy- 
s is  bf prec ig i t a t ed -ma te r i a l s  a 

: Not appl icable .  The composition of non-gaseous 
p r e c i p i t a t e s  and their chemical phases cannot 
be  r e a d i l y  determined by remote sensing. 

Comments: 

The s ize  and motion of p r e c i p i t a t i o n  p a r t i c u l a t e s  can be 
determtned remotely, bu t  these aspec ts  a r e  covered sepa ra t e ly  
under other observables (see "Prec ip i t a t ion  Rate and Dis t r ibu-  
t iont9) 



Weather - OBJECTIVE : 

Observable: 

D e f i n i t i o n  : 

Phenomena : 

P r e c i p i t a t i o n  Rate and Var ia t ions  

The s p a t i a l  and temporal v a r i t i o n s  i n  the atmo- 
sphe r i c  p r e c i p i t a t i o n  r a t e .  

The mass, s ize ,and  motions a s soc ia t ed  wi th  p rec ip i -  
t a t i n g  p a r t i c u l a t e s .  Radiat ive emission and s c a t t e r -  
ing  p r o p e r t i e s ,  

: I n  s i t u  atmospheric sampling, p a r t i c u l a t e  
a n a l y s i s ,  and mass flow meters. Radar 
a t t e n u a t i o n  and backsca t te r .  

Remote Sensinq: Useful 

Measurement Philosophy: Determine the average r eg iona l  p r e c i p i -  
t a t i o n  cyc les  a s  a func t ion  o f  l a t i t u d e ,  
longi tude,  and t i m e .  

- Not app l i cab le ,  no known p r e c i p i t a t i o n  Moon 
Mercury . 

Observed cloud systems i n d i c a t e  a reasonable p r o b a b i l i t y  
f o r  p r e c i p i t a t i o n  Venus 

Mars J u p i t e r  i 
P lane ta ry  Coverage & D i s t r i b u t i o n :  

Mars - Major v a r i a t i o n s  should be  wi th  l a t i t u d e ,  Po la r  regions 
and a r e a s  a s soc ia t ed  with the wave of darkening are of 
ma j or i n t e r e s t  e 

S p e c i a l  emphasis on poles ,  e q u a t o r i a l  zones ,and 
mountainous regions e 

with  l a t i t u d e .  

Venus - Longitude and l a t i t u d e  v a r i a t i o n s  a re ,  both important.  

J u p i t e r  - P r e c i p i t a t i o n  r a t e s  a r e  expected t o  vary p r i n c i p a l l y  

Sca le  of Observable: 
Estimated on basis of c h a r a c t e r i s t i c  cloud formation dimensions 
(see "Cloud Formation and Associated Motion"). 

Mars - d 6 0 0  km x 600 km 
Venus - . ~ 1 0 0 0  km x 1000 km 
J u p i t e r  - ~ 1 2 , 0 0 0  km x 12,000 km 
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Weather - P r e c i p i t a t i o n  Rate and Var ia t ions  (Page 2)  

e210 km x 10 km, es t imated  on b a s i s  of Ea r th  experience a s  being 
s u f f i c i e n t  r e s o l u t i o n  t o  determine the average s p a t i a l  variations 
i n  p r e c i p i t a t i o n  (F leagle  and Businger 1963). 

d l  minute t o  1 hour. Estimated t i m e s  based on Ea r th  experience,  
and i t  should be noted t h a t  condi t ions  o n " J u p i t e r  could y i e l d  s i g -  
n i f i c a n t  dev ia t ions  from these va lues .  

Unknown due t o  l ack  of knowledge of the d e t a i l e d  phys ica l  p ro -  
cesses occurr ing.  For i n i t i a l  survey at tempts ,  da t a  f o r  a par-  
t i cu l a r  p r e c i p i t a t i o n  reg ion  should be repeated a t  i n t e r v a l s  of 
about 10 t i m e s  t he  a c q u i s i t i o n  t i m e  t o  determine the average 
temporal e x t e n t  of processes  I n  add i t ion ,  complete g loba l  
coverage t o  l o c a t e  major p r e c i p i t a t i o n  regions should b e  repeated 
a t  l e a s t  4 t i m e s  dur ing the p l ane ta ry  year.  

Radar d a t a  a t  about t h ree  wavelengths i n  the  region of 1 t o  10 cm 
(Battan 1959) 

: Useful 

Mars Venus J u p i t e r  

Multifrequency r a d a r  
( 3  wavelengths, 1-10 cm) 

C B C 

(B = use fu l ,  C = n o t  ve ry  u s e f u l )  

Comments : 

For wavelengths g r e a t e r  than 3 t o  5 cm, t h e  nonthermal, back- ' 

ground r a d i a t i o n  (dec imet r ic )  on J u p i t e r  may i n t e r f e r e  wi th  r ada r  
r e s u l t s .  On the  o t h e r  hand, the  i n t e n s i t y  of t h i s  emission i s  
r e l a t i v e l y  uniform ( i n  c o n t r a s t  t o  t he  decametric b u r s t s  f o r  
A > 4  m) and f u t u r e  technology should be capable of overcoming 
t h i s  obs t ac l e  e 
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Weather OBJECTIVE: 

Observable : 

Def in i t i on :  

Phenomena : 

Thunderstorms 

The number and e x t e n t  of atmospheric reg ions  with 
l a r g e  energy d i s s i p a t i o n  ' ra tes  through l igh tn ing  
d i s c h a r  es and the  a s soc ia t ed  sound waves (or  
thunder 7 . 
High i n t e n s i t y  e lectromagnet ic  discharges i n  loca l i zed  
a r e a s .  Regions of v i o l e n t  cloud a c t i v i t y .  In tense  
sound waves. Localized cha r  ed a r t i c l e s  and e l e c t r i c  
f i e l d  g rad ien t s .  
pagat ion of s f e r i c s  along a p l a n e t ' s  magnetic l i n e  
of force .  

"Whistlers R P  r e s u l t i n g  from the pro- 

P o s s i b l e  Techniques: Remote sensing o f  s f e r i c  a c t i v i t y .  I n  s i t u  
atmospheric charged p a r t i c l e  and E- f i e ld  
g r a d i e n t  d e t e c t o r .  
f o r  thunder. 

I n  s i t u  sound d e t e c t o r  

Remote Sensing: Very use fu l .  

Measurement Philosophy: 
Determine t h e  average r eg iona l  s f e r i c  a c t i v i t y  i n  a p l a n e t ' s  atmo- 
sphere and eva lua te  the  e x t e n t  and v io lence  of thunderstorms. 

- Not app l i cab le ,  no apprec iab le  atmosphere. Moon 
Mercury 
Mars - S f e r i c  a c t i v i t y  i s  probably small  due t o  tenuous 

Venus - Poss ib l e  v i o l e n t  a c t i v i t y  may be due t o  ex tens ive  d u s t  
atmosphere . 
or  sand f r i c t i o n  i n  a d d i t i o n  t o  the  usua l  processes 
(Opik 1961). 

J u p i t e r  - Very ex tens ive  and v i o l e n t  s f e r i c  a c t i v i t y  i s  a n t i c i p a t e d .  

Mars - 450% p lane ta ry  coverage t o  encompass white and yellow 

Venus Complete g loba l  surveys requi red  t o  s e l e c t  regions of 
J u p i t e r  high storm a c t i v i t y ,  w i th  d e t a i l e d  s f e r i c  sensing pe r -  

c loud regions.  

formed wi th in  r e p r e s e n t a t i v e  reg ions  (-50-80% coverage.)  

Sca le  of Observable: 10 km t o  20 km, based on c h a r a c t e r i s t i c  
l eng th  of Ea r th  l i g h t n i n g  s t rokes  (Battan 
1959) 0 
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Weather - Thunderstorms (Page 
ion is desirable to resolve 
sources of sferfc activity 

10 to 3011 sec., based on the typical 

in a thunderstorm cloud, 

duration of lightning pulses from Earth 
experience (Worner 1964) e 

Essentially continuous coverage of a thunderstorm region for 
the duration of the activity. 
be repeated about 10 times during the year to evaluate var5- 
ations in yearly activity. 

Complete global coverage should 

Mars 
Venus 1-100 m (see Comments). 

Passive W sensing within the wavelength region of 

Jupiter - Passive RF at wavelengths of 1-10 m (larger wave- 
lengths desired, but  decameter bursts will inter- 
fere) s 

: Useful 

Mars Venus Jupiter 

Passive RF (10-3.00 m) 
Passive W (1-10 m) 

B B 
B 

(B = useful) 

Comments : 
In the ideal case, sferic detection should be carxkd out at 
wavelengths of several kilometers where the peak discharge 
energy occurs (Horner 1964) .  For the Earthls ionosphere the 
upper wavelength cut-off is about 20 m, which limits the 
wavelengths available f o r  use from orbit. For Mars and Venus, 
with their less extensive ionospheres, wavelengths up to about 
100 m can probably be used; while for Jupiter a much lower cut- 
off at 10 is anticipated. On the other hand, either active 
or  passive microwave could be used, but this would provide 
data only at the lower end of the sferic energy spectrum (this 
also applies to the vtsible and IR regions). 



Wes t h e r  OB ,XCT IVE : 

Observable : 

D e f i n i t i o n  : 

Phenomena : 

Cyclone Formations 

The number, s i z e ,  d i s t r i b u t i o n ,  and c h a r a c t e r i s t i c s  
of  cyclone formations occurr ing  i n  a p l a n e t ' s  atmo- 
sphere,  thus i n d i c a t i n g  the  i n t e n s i t y  o f  t he  weather.  

Appearance of cyclone clouds.  Veloc i ty  and p res su re  
g r a d i e n t s  w i th in  l i m i t e d  reg ions .  

Poss ib l e  Techniques: Remote visual and IR sens ing  of cloud 
p a t t e r n s .  I n  s i t u  atmospheric v e l o c i t y  
and p res su re  sensors .  

Remote Sensin&: Very u s e f u l .  

Measurement Philosophy: 
Determine the  average number and e x t e n t  of cyclones a s  a func t ion  
of l o c a t i o n  and t i m e ,  and s tudy  r e p r e s e n t a t i v e  samples i n  d e t a i l .  

Moon 
Mercury 

- Not a p p l i c a b l e ,  no o r  l i t t l e  atmosphere. 

Mars - A c t i v i t y  may be l i m i t e d  t o  "sand d e v i l s "  and r e l a t e d  

Venus - No a v a i l a b l e  estimates of cyc lonic  a c t i v i t y .  
J u p i t e r  - Observations of t r a n s i e n t  c loud f e a t u r e s  i n d i c a t e  ex- 

t ens ive  cyc lone- l ike  processes  (Focus 1963). 

phenomena of minor i n t e n s i t y .  

P l ane ta ry  Coverage & D i s t r i b u t i o n :  
Desire g l o b a l  coverage f o r  cyclone number and s i z e  d i s t r i b u t i o n ,  
w i th  h igh  r e s o l u t i o n  d a t a  (over about  10 o r  20% of the  t o t a l )  t o  
determine t h e  c h a r a c t e r i s t i c  f e a t u r e s .  

Mars - White and yellow clouds are  of  primary i n t e r e s t .  
Venus - A l l  reg ions  are of importance, w i th  emphasis on sub- 

J u p i t e r  - Emphasis on t r a n s i t i o n  reg ions  between cloud b e l t s ,  
s o l a r  and a n t i s o l a r  p o s i t i o n s .  

"red spot"  a r e a ,  and t r o p i c a l  d i s turbances .  

Scale  of Observable: 
10 x 10 km f o r  determining s p a t i a l  d i s t r i b u t i o n ,  w i th  1 km x 1 km 
r e s o l u t i o n  f o r  d e t a i l e d  s t u d i e s  ( f o r  t he  sma l l e r  "tornado" type 
a c t i v i t y  100 m x 100 m r e s o l u t i o n  i s  r equ i r ed ;  e .g .  Bat tan  (1959)).  
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Weather - Cyclone Format ions (Page 2) 

Acquisition Time: 

~ 1 0  mine to 1 hr, on the basis of the characteristic time for 
Earth cyclones to move (or rotate) a distance equal to their 
diameter. Times of 1 minute or less may apply for Jupiter. 

Measurement Repetition Rate: 

Complete global coverage at low resolution should be repeated at 
least 4 times during the planetary year. High resolution data 
on characteristic cyclone forms should be obtained at intervals 
of about 10 times the acquisition time. 

Spectral Band and Resolution: 

Resolution of A / A h  ~ 5 0 0  desired. Visible broadband (4000-7500 A)  
and IR ( 1 - 3 0 ~ )  for determining the number and extent of cyclones. 
Multispectral results are desirable for detailed high resolution 
studies of representative cyclones. 

Inag ing : Very useful 

Visible broadband 

IR broadband (1-21-1) 
IR broadband (10-30~) 
Multispectral ( 4 - 6  bands, 

(4000-7500 A) 

2000 A-30~) 

(A = very useful, C = not very 

Comments: 

The measurement specifications 

Mars 
_I_ 

A 
C 
C 

A 

useful) 

Venus Jupiter 

A 
A 
A 

A 
A 
A 

A A 

above pertain principally to the 
typical large-scale cyclones that are- expected to pkedominate. 
For the less frequent (but more violent) hurricane and tornado 
types of activity, shorter spatial resolutions and acquisition 
times are desirable. Useful supporting measurements should in- 
clude radar data to aid in interpretation of the cyclonic 
activity. 
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OBJECTIVE : 

Observable : 

Def in i t i on  : 

Phenomena: 

Weather 

Atmosphere-Surface I n t e r a c t i o n s  

The amount, ex t en t ,  and type of dynamic a c t i v i t y  
which i s  p r e s e n t l y  occurr ing  through chemical and 
phys ica l  i n t e r a c t i o n s  wi th in  the near-surface 
boundary l a y e r  regions.  

Mass exchange o f  m a t e r i a l  through winds and p rec ip i -  
t a t i o n  cyc les .  Enhancement of chemical a c t i v i t y  and 
weathering through mixing i n  the  boundary region.  
Chemical a c t i v i t y  i n  the lower atmosphere a s soc ia t ed  
with c r u s t a l  outgassing,  vo lcanic  a c t i v i t y ,  and pre- 
c i p i t a t i n g  p a r t i c u l a t e s .  

Poss ib l e  Techniques: I n  s i t u  su r f ace  and atmospheric probes t o  
determine mass t r a n s f e r  and chemical 
a c t i v i t y .  

Remote Sensing: Not app l i cab le .  
d e t a i l e d  d a t a  on 
processes  wi th in  

Comments : 

Remote sens ing  can provide meager 

Remote sensing cannot provide 
the a c t i v e  phys ica l  and chemical 
the lower boundary l a y e r  regions.  

information involving: the  near-  
su r f ace  atmospheric- a c t i v i t y ,  such a s  v i s u a l  sensing 02 su r face  
condi t ions  p r i o r  t o  and following atmospheric storms. This i n -  
formation i s  adequately accounted f o r  i n  "Surface Appearance," 
"Surface Winds," "Surface t o  Atmosphere Transfer , "  and r e l a t e d  
observable8 . 
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OBJECTIVE: 

Observable: 

D e  f i n i  t ion  : 

Phenomena : 

Atmospheric Energy Transfer  Processes 

So la r  Radiat ion 

The average i n t e n s i t y  of s o l a r  X-ray, x-ray, W, 
v i s i b l e ,  I R ,  and RF r a d i a t i o n  inc iden t  on the  p l a n e t  
from t h e  sun. 

The f l u x  of  s o l a r  energy i n t o  a p l ane ta ry  atmosphere. 
Ref lec ted  s o l a r  r a d i a t i o n  and p l ane ta ry  albedo. 

: Earth-based r a d i a t i o n  d e t e c t o r  coupled wi th  
the knowledge t h a t  the  i n t e n s i t y  v a r i e s  i n -  
v e r s e l y  a s  the  d i s t a n c e  squared from the  
source.  I n  s i t u  sens ing  of t he  s o l a r  r ad ia -  
t i o n  a t  o r b i t a l  pos i t i ons .  

: Not app l i cab le .  Earth-based techniques provide 
adequate d a t a  on the  s o l a r  r a d i a t i o n  f lux .  

Comments : 

O r b i t a l  i n  s i t u  sensing: of the  i n c i d e n t  s o l a r  energy flux may be 
requi red  f o r  J u p i t e r  i g  energy absorp t ion  i n  the a s t e r o i d  b e l t  i s  
s i g n i f i c a n t  ( i n  which case ,  the  spectrum of r a d i a t i o n  a t  J u p i t e r  
could d i f f e r  -from inverse  square l a w  pred ic t iond .  
i n t e n s i t y  a t  d i f f e r e n t  wavelengths wi th in  a p l a n e t ' s  atmosphere 
w i l l  va ry  apprec iab ly  from s o l a r  va lues  i n  the  exosphere, but  t h i s  
a spec t  of the energy balance i s  t r e a t e d  b y o t h e r  observables .  

The r a d i a t i o n  
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QELTECTIVE: Atmospheric Energy Transfer  Processes 

Observable : A i r  glow 

Def in i t i on :  Large s c a l e  luminescence due t o  photon-emitt ing 
chemical r e a c t i o n s  and recombination. 

Phenomena: D i sc re t e  emission spectra of exc i t ed  spec ies .  
P a r t i c l e  e x c l t a t i o n  energ ies  and r e a c t i o n  rates.  

Poss ib l e  Techniques: I n  s i t u  atmospheric probes t o  analyze 
e x c i t a t i o n  and emission processes.  Remote 
sens ing  (W throgh I R )  emission l i n e s  and 
bands. 

Remote Sensing: Useful.  

Measurement Philosophy: Determine e x t e n t  and o the r  c h a r a c t e r i s  t i c s  
of a i rg low by sensing emission s p e c t r a  a t  
about 100 widely spaced loca t ions .  

- Not a p p l i c a b l e ,  i n s u f f i c i e n t  atmosphere. Moon 
Mer cur  y 

- Extent  of a i rg low reg ions  i s  unknown. Mars 
Venus 
J u p i t e r  - Probably ex tens ive  airglow.  Lyman-a r a d i a t i o n  of 

hydrogen i s  probably p r i n c i p a l  con t r ibu to r .  

P lane tary  Coverage 6 D i s t r i b u t i o n :  
Based on Ea r th  experience,  a i rg low d a t a  should be obtained a t  
p o s i t i o n s  approximately 10-20" a p a r t  i n  l a t i t u d e  and longi tude 
over e n t i r e  p l a n e t .  

Scale  of Observable: 
Unknown, estimates from Ear th  experience are 100 km i n  thickness  
covering much of the  p l a n e t  (Tverskoi 1965). 

S p a t i a l  Resolution: About 10 km i n  thickness ,  based on Ea r th  
experience.  

Acquis i t ion  Time:  About an hour o r  more, but  da t a  should be 
c o l l e c t e d  i n  darkness t o  e l imina te  i n t e r f e r e n c e  
from r e f l e c t e d  s o l a r  r a d i a t i o n .  

: About four  t i m e s  per  p l ane ta ry  year  
t o  assess seasonal  e f f e c t s .  
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Atmospheric Energy Transfer  Processes - Airglow (Page 2)  

: Spec t r a l  bands corresponding t o  
emissTon wavelengths (40008-2p) 
of predominant exc i ted  components 

: Not appl icable .  Few da ta  poin ts  and phenomenon n o t  
rap id ly-vary ing  wi th  t i m e .  
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OBJECTIVE : 

Observable : 

Def in i t i on :  

I Phenomena : 

Atmospheric Energy Transfer  Processes 

a - P a r t i c l e s ,  Protons, and Elec t rons  

The average f l u x  of s o l a r  a - p a r t i c l e s ,  protons,  and 
e l e c t r o n s  i n c i d e n t  upon the p l ane t .  

The mass, cha rg6  and energy d i s t r i b u t i o n  of s o l a r  
p a r t i c l e s  e n t e r i n g  t h e  upper atmosphere. 

: I n  s i t u  p a r t i c l e  d e t e c t o r s  t o  de t e rn ine  the 
mass, charge,  and energy f l u x  a t  o r b i t a l  
pos i t i ons .  Inference of s o l a r  p a r t i c l e s  
and f luxes  by e x t r a p o l a t i o n  of Earth-based 
measurements t o  o the r  p l ane t s .  

: Not app l i cab le ,  Earth-based techniques and i n  
s i t u  p l ane ta ry  o r b i t  d e t e c t o r s  provide s u f f i c i e n t  
da t a .  
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OBJECTIVE: 

Observable: 
~ ~~ 

D e  f i n  i t ion : 

Phenomena : 

Atmospheric Energy Transfer  Processes 

Cosmic Rays 

The i n c i d e n t  f l u x  and d i s t r i b u t i o n  of both primary 
cosmic rays  (of g a l a c t i c  and s o l a r  o r i g i n )  and 
secondary cosmic rays  (produced i n  the  lower atmo- 
sphere)  

19 The energ ies  ( lo8 t o  10 
and composition of  the  primary cosmic rays  (mainly 
protons and a - p a r t i c l e s ) .  
energy, and p a r t i c l e  components of  the secondary 
cosmic rays (mainly neutrons and p-mesons). 

ev; Brandt and Hodge (1964)) 

The s p a t i a l  d i s t r i b u t i o n ,  

: I n  s i t u  atmospheric high-energy p a r t i c l e  
d e t e c t o r s  t o  analyze the  types 
o f  p a r t i c l e s  and their energy spectrum. 

: Not app l i cab le .  I n  s i t u  probe and d e t e c t o r s  
are  requi red .  
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QBJFXTIVE : 

Observable : 

Defin i t ion :  

Phenomena : 

Atmospheric Energy Transfer  Processes 

Meteoroids 

The average f l u x  of meteoroids t h a t  
a r e  i n c i d e n t  on a p lane t .  

The s i z e ,  weight, and v e l o c i t y  of ma te r i a l  ob jec t s  
e n t e r i n g  an atmosphere from i n t e r p l a n e t a r y  space. 
The v i s i b l e  and I R  emission spec t r a  r e s u l t i n g  from 
e n t r y  i n t o  a dense atmosphere. Ref lec t ion  p a t t e r n s  
from the ionized t r a i l .  

: I n  s i t u  atmospheric and o r b i t a l  pa r t i c l e  
d e t e c t o r s .  Remote sensing of t h e  v i s i b l e  
and IR emission during e n t r y ,  Remote sens- 
ing  of a c t i v e  r a d i o  wave pulse  r e t u r n s  from 
meteor t r a i l s .  

Remote Sensing: Useful. 

Measurement Philosophy: Determine the  average number and s i z e  
of meteoroids e n t e r i n g  a p lane tary  

Moon 
Mercury 
Mars 
Venus 
J u p i t e r  

atmosphere. 

Probably n o t  d e t e c t a b l e  from ionized t r a i l s  due t o  
lack  of an apprec iab le  atmosphere. 
Detectable  from emission r e s u l t i n g  from burnup 
during atmospheric en t ry .  

Require complete coverage of the p l a n e t  s i n c e  both d i u r n a l  and 
seasonal  v a r i a t i o n s  i n  the  meteorid f l u x  occur. 

Scale  of Observable: 10-1000 km, based on l eng th  of ionized meteor 
t r a i l  i n  the p l a n e t ' s  atmosphere (Brandt and 
Hodge 1964). 

Spa t i a  1 Resolut ion : 
1~ t o  100 m ( f o r  p a r t i c l e  d e t e c t o r s ) ,  depending on the  a c t u a l  
s ize  o r  diameter of a p a r t i c u l a r  meteoroid. 100 m t o  1 km 
( f o r  t r a i l  d e t e c t i o n )  on the  b a s i s  of t y p i c a l  meteor t r a i l  diameters.  

-1 second (o r  less) up t o  a few minutes, depending on the  v e l o c i t y  
and t r a j e c t o r y  of meteoroid p r i o r  t o  burnup or  impact, 
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Atmospheric Energy Transfer  Processes - Meteoroids (Page 2)  

: Global coverage repeated continuously 
to observe the v a r i a b i l i t y  of meteor 
showers * 

Not app l i cab le  due t o  expected lack of emission spec t r a .  

: Not app l i cab le .  



OBJECTIVE: Atmospheric Energy Transfer  Processes 

Observable: I o n i z a t i o n  and Recombination Rates 

Def in i t ion :  The r e a c t i o n  r a t e s  f o r  i on iza t ion ,  d i s s o c i a t i o n ,  and 
recombination of the var ious  atmospheric c o n s t i t u e n t s  e 

Phenomena: C o l l i s i o n  c r o s s  sec t ions  f o r  t he  var ious  processes .  
P a r t i c l e  energ ies  and e x c i t a t i o n  levels. Exc i t a t ion  
and r e l a x a t i o n  times. 

: I n  s i t u  atmospheric d e t e c t o r s  and r eac t ion  
ra te  ana lyzers .  Inference of e x c i t a t i o n  
process rates from labora tory  experience 
when the  atmospheric p a r t i c l e  d i s t r i b u t i o n ,  
composition, and thermodynamic s ta te  a r e  
known. 

Remote Sensing: Not app l i cab le .  Detai led chemistry of the var ious  
e x c i t a t i o n  and recombination processes cannot be 
accu ra t e ly  determined by remote o r b i t a l  sensors .  

Comments : 

A c e r t a i n  amount of gross  information on energy t r a n s f e r  rates 
between exc i t ed  p a r t i c l e s  can b e  deduced by remote sens ing  of the  
emission products i n  c e r t a i n  phenomena (e.g., a i rglow and aurora) .  
These p a r t i c u l a r  a s p e c t s  of an atmosphere a r e  t r e a t e d  a s  separate 
observables.  I 



OBJECTIVE : 

Observable: 

D e  f i n  i t ion  : 

P hen omem-: 

Atmospheric Energy Transfer  Processes 

Surface t o  Atmosphere Transfer  

Energy and mass a d d i t i o n  i n t o  the  atmosphere from 
s p e c i f i c  su r face  phenomena such as volcanoes o r  ex- 
t ens ive  regions of  outgassing. Only l a r g e  s c a l e  
phenomena t h a t  could s i g n i f i c a n t l y  inf luence  the  
atmosphere a r e  of i n t e r e s t .  

Mass i n j e c t i o n  rate.  P a r t i c u l a t e  forms such as 
vol.canic d u s t  and vapors. Visual  and thermal 
s p e c t r a  a s soc ia t ed  wi th  t h e  su r face  t o  atmosphere 
t r a n s p o r t  

: I n  s i t u  atmospheric and su r face  probes t o  
analyze the  mass i n j e c t i o n  mode and asso- 
c i a t e d  p a r t i c u l a t e s .  Remote sens ing  of t he  
a c t i v i t y  i n  v i s u a l ,  I R ,  and microwave spec- 
t ra l  bands. 

: Useful. 

Determine the  average number and i n j e c t i o n  ra te  of anomalous 
sources  t h a t  i n f luence  the atmosphere from below. Search mode 
requi red  t o  d e t e c t  the l o c a l i z e d  phenomena. 

Moon 
Mercury Visual  search  i s  s u f f i c i e n t  f o r  de t ec t ion .  
Mars 
Venus Only IR and w-wave d a t a a r e a p p l i c a b l e  €or remote sensing,  
J u p i t e r  s i n c e  clouds w i l l  probably obscure t h e  near-surface ac t iv i ty  

100% coverage requi red  s i n c e  s p e c i f i c  l o c a t i o n  o f  anornolous 
reg ions  i s  unknown. 

Scale  of Observable: 

Moon Estimated as &lo-100 km, s i n c e  l a r g e r - s c a l e  e rup t ive  
Mercury 
Mars 
Venus Unknown, thermal in f luence  of i n j e c t e d  ma te r i a l  could 
J u p i t e r  vary from 10 t o  several hundred ki lometers  o r  more 

systems would have probably been de tec t ed  from Ear th  

(Davidson and Anderson 1967) a 



Atmospheric Energy Transfer  Processes - Surface t o  Atmosphere 
Transfer  (Page 2 )  

‘ ~ 1  t o  100 km, h ighly  v a r i a b l e  (depends on the  amount of 
source material and i t s  r e s u l t i n g  s igna tu re  i n  the atmosphere). 

, ~ / 1  minute, s i n c e  material w i l l  f a l l  back t o  the 
su r face  rapidly i n  a tenuous atmoBphere Mercury 

Moon Mars 1 
Venus - 1 minute t o  several hours due t o  dense atmosphere. 
J u p i t e r  - Unknown 

: Continuous coverage requi red  s ince  
v a r i a b i l i t y  of sources is  unknown. 

: Broadband r e s o l u t i o n  of h / A h  ~\-*500 
i s  s u f f i c i e n t .  

V i s i b l e  band (4000-75OOA) wi th  I R  on Mars. 

Venus - Thermal I R  (18-3Op) band (corresponds t o  region unin- 
fluenced by CO2 absorp t ion  l i n e s ) .  
(10-50 cm). 

a f f e c t e d  by NH3 absorpt ion) .  

Passive p-wave 

J u p i t e r  - Thermal I R  (14-3Op) band (corresponds t o  window no t  
Passive p-wave (1-70 cm). 

: Useful 

Moon Mars Venus 
_I_. 

V i s i b l e  broadband 
(4000-75008) A A A 
I R  broadband (14-3Op) C B B 
Passive microwave 
(1-100 cm) B C 

(A = very  use fu l ,  B = use fu l ,  C = n o t  very  u s e f u l )  
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Atmospheric Energy Transfer  Process - Surface t o  Atmosphere 
Transfer  (Page 3) 

Comments: 

PR sensing on the Moan and Mercury might be a valuable  

phenomena, and t o  determine whether o r  no t  v i s u a l  data (dus t ,  
whirl-winds e tc  e are a c t u a l l y  a s soc ia t ed  with su r face  e rup t ions .  
The measurements on Venus and J u p i t e r  should be supplemented by 
probes o r  o t h e r  supporting da ta ,  s h c e  thermal anomalies i n  the 
atmosphere are not conclusive evidence. f o r  vo lcanic  o r  o the r  
i n j e c t i v e  types of ac t5v i ty .  

ing  measurement t o  he lp  understand the d e t a i l s  of the 
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2.7 F i e l d s  



2.7 Fields 

A. Objective: Gravitational Field 

I. Field vector 

2.  Temporal and secular variations 

3. Gravitational waves 

B.  Objective: Magnetic Field 

1. Field vector 

2. Temporal and secular variations 

3.  Radiation be l t s  

4 .  Auroras 

5. Paleomagnetism 

6. Radio burs t s  

C. Objective: Electric Field 

1. F ie ld  vector 

2 .  Temporal and secular variations 

3 ,  Ionosphere ring currents 

4,  Telluric currents 



OBJECTIVE : Gravitational Field 

Observable : Field Vector 

Definition: Magnitude and direction of the acceleration due to 
gravity at a point 

Phenomena: Acceleration due to gravity. 

Possible Techniques: In situ surface and orbital gravimetry, 
Earth-based tracking (microwave and visual) 
of satellites, 

Remote Sensing:Not applicable, technique independent of direct 
planetary sensing. 
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OBJECTIVE : Grav i t a t iona l  F i e l d  

Observable: Temporal and Secular Variat ions 

Def in i t i on  : Per iodic  and non-periodic changes i n  the  value 
of g r a v i t y  a t  a po in t  ( see  Oomments). 

Phenomena: Accelerat ion due t o  g r a v i t y .  

Poss ib le  Techniques: I n  s i t u  sur face  and o r b i t a l  gravimetry, 
Earth-based t racking  (microwave and 

v .  

v i s u a l )  of s a t e l l i t e s  a 

Remote Sensing: Not app l i cab le .  

Comments : 

Temporal v a r i a t i o n s  a r e  due mainly t o  t i d a l  e f f e c t s ,  while 
s ecu la r  v a r i a t i o n s  a r e  due t o  t e c t o n i c  su r face  modif icat ion pro-  
cesses  and i n t e r n a l  processes which modify the mass d i s t r i b u t i o n  
wi th in  the  p l a n e t .  



OBJECTIVE : Gravitational Field 

Observable: Gravitational Waves 

Definition : Transmission of gravitational energy by wave 
propagat ion. 

Phenomena: Acceleration due to gravity, gravitons. 

Possible Techniques: Movement of masses, piezoelectric stress 
detection (Weber 1961). 

Remote Sensing: Not applicable. In situ detection required. 

Comments : 

Conceivable that Jupiter (being a rotating oblate body) might 
emit very small flux of gravitational energy which might be 
detected by in situ orbital sensing. 

-127- 



OBJECTIVE : Magnetic Field 

Observable : Field Vector 

Definition : The magnitude an( direction of the magnetic field 
strength surrounding a planet. 

Phenomena : Magnetic field strength and direction. 

Possible Techniques: In situ orbital magnetometry, in situ sur- 
face magnetometry. * 

Remote Sensing: Not applicable due to the necessity of in situ 
sensing of the field. 
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OBJECTIVE : Magnetic Field 

Observable : Temporal and Secular Variation 

Definition : Periodic and non-periodic changes in the field 
strength and direction. 

Phenomena: Magnetic field strength and direction. 

Possible Techniques: In situ orbital magnetometry, in situ sur- 
f ace magnetometry. 

Remote Sensing: Not applicable due to necessity of in situ sen- 
sing of f i e l d ,  
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OBJECTIVE: Magnetic F ie ld  

Observable: Radiat ion Belts 

Def in i t ion :  The ex i s t ence  and s p a t i a l  v a r i a t i o n s  of p l ane ta ry  
r a d i a t i o n  ' b e l t s  a s  evidenced by magnet ical ly  con- 
f ined  regions wi th  high concent ra t ions  of charged 
p a r t i c l e s .  

Phenomena: Magnitude and s p a t i a l  v a r i a t i o n s  of e l e c t r o n  and 
proton number d e n s i t i e s ,  
t i o n  of magnetic l i n e s  of force. Solar  wind i n t e r -  
ac t ion  and a t t enua t ion .  

Magnitude and configura-  

Poss ib l e  Techniques: I n  s i t u  p a r t i c l e  charge and energy de tec to r s  
a t  o r b i t a l  and upper atmospheric a t t i t u d e s .  
In  s i t u  magnetic f i e l d  measurements. 

Remote Sensing: Not app l i cab le .  I n  s i t u  p lane tary  o r b i t  and 
magnetosphere probes a r e  requi red  f o r  the des i red  
measurements. 

Comments : 

With the  except ion of J u p i t e r ,  none of the  p l ane t s  under consider-  
a t i o n  are expected t o  have any s i g n i f i c a n t  r ad ia t ion  b e l t s .  For 
J u p i t e r ,  the  decametric burs t s  (which may o r  may no t  a r i s e  wi th in  
r a d i a t i o n  b e l t s )  a r e  discussed a s  a sepa ra t eobsewab le ,  while the 
decimeter emission can be  adequately determined with Earth-based 
r ece ive r s .  

-130- 



OBJECTIVE: Magnetic F i e l d  

Observable: Auroras 

Def in i t ion :  E lec t ron  e x c i t a t i o n  of atmospheric c o n s t i t u e n t s  over 
l a r g e  areas of space. 

Phenomena: Discrete emission s p e c t r a  of e x c i t e d  spec ies .  P a r t i c l e  
e x c i t a t i o n  energ ies  and r e a c t i o n  rates. 

: I n  s i t u  atmospheric probe t o  analyze ex- 
c i t a t i o n  and emission processes .  Remote 
sensing of emission spec t r a .  

: Useful 

Measurement Philosophy: Determine e x t e n t  and o the r  c h a r a c t e r i s t i c s  
of a u r o r a l  phenomena by sens ing  emission 
spectra a t  widely-spaced loca t ions .  

- Not app l i cab le ,  i n s u f f i c i e n t  atmosphere. Moon 
Mercury 
Mars Probably n o t  much a u r o r a l  a c t i v i t y  due t o  expected 
Venus l ack  of r a d i a t i o n  b e l t s .  
J u p i t e r  - Probably i n t e n s i v e  a u r o r a l  a c t i v i t y  due t o  vast r a d i a t i o n  

b e l t s .  

P lane tary  Coverape & Dis t r ibu t ion :  
Based on t e r r e s t r i a l  experience,  da ta  should be obtained a t  p o s i t i o n s  
about 10" a p a r t  i n  l a t i t u d e  and longi tude,  wi th  p a r t i c u l a r  emphasis 
on po la r  reg ions .  

Scale of Observables: 
About 100-600 km i n  v e r t i c a l  e x t e n t  and 5,000-10,000 km (or more, 
e s p e c i a l l y  f o r  J u p i t e r )  i n  l a t e r a l  ex ten t ,  based on terrestrial  
experience (Silverman e t  a l .  1965). 

S p a t i a l  Resolution: 100-500 km i n  l a t e r a l  ex ten t ,  based on Ea r th  
experience.  V e r t i c a l  r e s o l u t i o n  n o t  c r i t i c a l .  

Acquis i t ion  Time:  One minute o r  so,  based on t i m e  scale of Ear th  
auroras  (Fleagle  and Businger 1963). 

: About 5 times pe r  n i g h t  (10 f o r  J u p i t e r )  
a t  repeated i n t e r v a l s  throughout 
p lane tary  year t o  determine-seasonal 
v a r i a t i o n s .  



Magnetic F i e l d  - Auroras (Page 2)  

Spec t r a l  Band & Resolution: V i s i b l e  broadband (4000-75008) and 
m u l t i s p e c t r a l w i t h  three o r  more bands. 

Imaginq: Useful.  

Mars Venus J u p i t e r  

V i s i b l e  broadband (4000-75008) C B A 
V i s i b l e  mu l t i spec t r a l  ( 3  bands) I3 B A 

(A = very  usefu l ,  B = usefu l ,  C = not  very use fu l )  
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OBJECTIVE: Magnetic Fields 

Observable : Paleomagnetism 

Definition : The magnetic fields of past eras. 

Phenomena: Rock magnetism 

Possible Techniques: In situ surface sampling and testing to 
determine remnant rock mametism (Runcorn 

v 

1962).  

Remote Sensing: Not applicable, due to the necessity of direct 
surface measurements or sampling, 
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OBJECTIVE: Magnetic F i e l d  

Observable: Radio Bursts  

Def in i t ion :  The s p a t i a l  and temporal v a r i a t i o n s  of sporadic  
r a d i a t i o n  grom a p l a n e t ' s  atmosphere a t  r a d i o  
wavelengths. 

Phenomena: Re la t ive ly  i n t e n s e  r a d i a t i o n  f l u x  d e n s i t i e s  (210 -24 
watts/rnZsec) a t  long wavelengths (>l meter) wi th  
l a r g e  temporal v a r i a t i o n s  (Michaux 1967a). 

: Remote sens ing  of r a d i a t i o n  a t  wavelengths 
between 1 and 100 m, 
probe and r a d i a t i o n  de tec to r .  

I n  s i t u  atmospheric 

Remote Sensing: Very use fu l .  

Measurement Philosophy: 
Examine the s p a t i a l  and temporal v a r i a t i o n s  of r ad io  emission i n  
order  t o  Locate t h e  r a d i o  sources  and t o  b e t t e r  understand the  
phys ica l  processes involved. 

Mercury 
Mars 
Venus 
J u p i t e r  - Strong decametric sources  p re sen t  which e m i t  i n  b u r s t s  

ranging upward from a f e w  mil l iseconds i d r a t i o n ,  and 
with peak f l u x  d e n s i t i e s  of 10-18 w a t t s  /m sec (Smith 
e t  a l .  1963). 

Not app l i cab le ,  no known i n t e n s e  r a d i o  sources.  

9 Y  

Moon I 
J u p i t e r  - Planetwide coverage t o  d e t e c t  i nd iv idua l  sources,  with 

p a r t i c u l a r  emphasis on system I11 longi tude variations. 
The p r o b a b i l i t y  of b u r s t s  i s  s t rong ly  dependent on the 
angular  p o s i t i o n  of  I o  and the  o ther  major sa te l l i t es  
(Warwick 1967). 

Scale  of Observable: 

J u p i t e r  - Actual dimensions of atmospheric sources are unknown, 
but  the  c h a r a c t e r i s t i c  diameter of  active emission 
regions could extend up t o  50,000 km (Gordon and Warwick 
1967, Dulk e t  a l .  1967). 

J u p i t e r  - ~ 1 0 0  km, est imated asadequate r e s o l u t i o n  t o  l o c a t e  
sources  (boundaries of the most i n t e n s e  sources are 
p r e s e n t l y  known t o  wi th in  about 1' of longi tude o r  1200 km). 
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M-agnetic F i e l d  - Radio Bursts  (Page 2 )  

J u p i t e r  - a1 mill isecond minimum a c q u i s i t i o n  t i m e  t o  d e t e c t  
r a d i o  b u r s t s  which vary from mil l iseconds t o  tens  of 
seconds i n  dura t ion  (Warwick 1967). 

. 
J u p i t e r  - 4 minute, based on the  minimum c h a r a c t e r i s t i c  du ra t ion  

of J u p i t e r ' s  r a d i o  storms (Michaux e t  a l e  1967). Par- 
t i c u l a r  emphasis on temporal c o r r e l a t i o n s  wi th  the sub- 
s a t e l l i t e  pos i t i ons  of Is and the  o the r  s a t e l l i t e s  i s  
requi red .  

J u p i t e r  - Passive sensing of emission a t  about t h ree  wavelengths 
i n  the  7 t o  100 m i n t e r v a l ,  with the  p r i n c i p l e  o r  c e n t r a l  
wavelength a t  about 20 m. 

: Very use fu l  

J u p i t e r  

Multifrequency pass ive  RF (3 wavelengths, 1-100 m) A 

(A = very  u s e f u l )  

Comments: 

Present  observat ions a r e  l imi t ed  t o  wavelengths of 5 7 0  m, because 
of the cu t -of f  by the E a r t h ' s  ionosphere, It i s  d e s i r a b l e  t o  extend 
the da t a  t o  100 m o r  g r e a t e r .  
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OBJECTIVE: Electric F i e l d  

Observable : F i e l d  Vector 

Def in i t i on  : The magnitude and d i r e c t i o n  o f  e l e c t r i c  L i e l d  
surrounding a p l a n e t .  

Phenomena : P o t e n t i a l  g r d i e n t .  

Poss ib l e  Techniques: In situ su r face  .and i n  s i t u  o r b i t a l  poten- 
t i a l  measurements. - 

Remote Sensing: N o t  appl. icabI-e due to t he  necess i ty  of d i r c c t  
mea s u r  cmen t . 
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OBJECTIVE:  E l e c t r i c  F ie ld  

Observable: Temporal and Secular  Variat ions 

Def in i t ion  : Per iodic  and non-periodic changes i n  the  e l ec -  
t r i c  f i e l d  s t r eng th  and d i r e c t i o n .  

Phenomena: P o t e n t i a l  g rad ien t .  

Poss tb le  Techniques: In s i t u  su r face  and i n  s i t u  o r b i t a l  poten- 
t i a l  and measurements. 

Remote Sensing: Not appl icable  due t o  the  necess i ty  of  d i r e c t  
measurements. 
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OBJECTIVE: 

Observable: 

Def in i t i on :  

Phenomena : 

E l e c t r i c  F i e l d  

Ionosphere Ring Currents  

The charged p a r t i c l e  d i s t r i b u t i o n  and c u r r e n t  i n -  
t e n s i t y  a s soc ia t ed  with induced c u r r e n t s  i n  an 
ionosphere. 

S p a t i a l  and temporal a spec t s  of the  e l e c t r i c  c u r r e n t  
i n  the  ionosphere. Charged par t ic le  concentrat ions 
and f l u x .  Induced f l u c t u a t i o n s  i n  the geomagnetic 
f i e l d .  Electric f i e l d  a s soc ia t ed  wi th  r i n g  c u r r e n t s .  

: I n  s i t u  ionospheric probes with charged 
p a r t i c l e  and c u r r e n t  de t ec to r s .  I n  s i t u  
atmospheric e lectr ic  and magnetic f i e l d  
measurements. 
lengths  g r e a t e r  than ~ 3 0  m. Occul ta t ion  
d a t a  us ing  S and L band radar .  

Act ive RF' opera t ing  a t  wave- 

Remote Sensing: Useful 

Measurement Philosophy: 
Obtain d a t a  a t  random p o s i t i o n s  (100-1000) throughout the  atmo- 
sphere t o  o b t a i n  r e f r a c t i o n  and a t t e n u a t i o n  c h a r a c t e r i s t i c s ,  from 
which e l e c t r o n  d e n s i t y  v a r i a t i o n s  and c u r r e n t  i n t e n s i t i e s  can be 
deduced. 

Moon } Not app l i cab le  (no apprec iab le  ionosphere expected due 
Mercury t o  ter,uous atmosphere). 

Ionospheric c u r r e n t  and charge d e n s i t i e s  are expected 3 t o  be small i n  comparison t o  Ear th  s tandards.  
Mars 
Venus 
J u p i t e r  - Extent  of ionosphere i s  unknown because of obscurat ion 

by the  surrounding r a d i a t i o n  b e l t s .  

Planetwide coverage d e s i r e d  wi th  d a t a  a t  spaced i n t e r v a l s  co r re -  
sponding approximately t o  each 30" of longi tude and l a t i t u d e .  

Scale  of Observables :~300 km, estimates based on the c h a r a c t e r i s t i c  
thickness  of t he  E a r t h ' s  ionosphere l a y e r  e 

~ ~ 1 0  km, based on the Ear th  experience and the  t y p i c a l  dimension 
over which ionospheric  p a r t i c l e  d e n s i t i e s  and c u r r e n t s  can a l t e r  
apprec iab ly  (Cormier 1965). 
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E l e c t r i c  F i e l d  - Ionosphere Wng Currents  (Page 2)  

: Much less chan p lane tary  day s i n c e  c u r r e n t  
d e n s i t i e s  a r e  c y c l i c  w i th  the  d i u r n a l  varia- 
t i ons  of  s o l a r  f l u x  (Minnis 1964). 

Measurement Repet i t ion  Rate: Global coverage repeated about 4 
t i m e s  dur ing the  p lane tary  year  t o  
a s s e s s  seasonal  v a r i a t i o n s .  

S p e c t r a l  Band & Resolution: Data i s  requi red  a t  mu l t ip l e  fre- 
quencies (at -least 3 d i f f e r e n t  
wavelengths). 

Mars 
Venus 

J u p i t e r  - 

Variable  frequency active RF d a t a  i n  the range of 30 m 
t o  1 km (very long wavelengths w i l l  be  requi red  f o r  
complete r e f l e c t i o n  i n  ionospheres of l o w  e l e c t r o n  
d e n s i t i e s ) .  
E n t i r e  range from 1 m t o  1 km i s  d e s i r a b l e ,  but  
decameter b u r s t s  w i l l  i n t e r f e r e  i n  the  range of about 
7 t o  70 m. 

Imaging: Not a p p l i c a b l e .  L i t t l e  s t r u c t u r e  i s  expected and 
number of d a t a  po in t s  does n o t  r e q u i r e  imaging. 
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OBJECTIVE: Electric Field 

Observable: Telluric Currents 

Definition : Electric currents in the crust or mantle of a 
planet induced by atmospheric or ionospheric 
currents e 

Phenomena: Diurnal changes in magnetic field, electric 
potential gradient (Howell 1959). 

Possible Techniques: In situ surface voltage gradient measure- 
ments, in situ aagnetometry. 

Remote Sensing: Not applicable due to necessity of direct field 
measurements. 
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2 . 8  Active Biota 
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Active Biota  

A. Object ive:  Lifeforms 

1. Animal l i f e  

2.  P l an t  l i f e  

3 .  Microscopic l i f e  forms 

4 .  Living ce l l s  

B b  Object ive:  Biochemistry 

1. Macromolecules 

2. Complex molecular s t r u c t u r e s  

3 .  Biochemical systems 

C. Object ive:  Metabolism 

1. Environmental exchanges 

2. Growth 

3 .  Heat generat ion 

D. Object ive:  Reproduction 

1. B i r t h  

2. Number dens i ty  

3 . C e l l u l a r  d i v i s i o n  

4 .  Genetic codes 
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OBJECTIVE : 

Observable : 

Defin i t ion :  

L i f e  Forms 

Animal L i f e  

Living animals o r  i n s e c t s  which a r e  v i s i b l e  t o  
t h e  naked eye .  The s i z e  may range upwards from 
a few mi l l imeters .  Animal l i f e  forms a r e  ex- 
ceedingly complex and,although they may not  
resemble Earth- type c r e a t u r e s , i t  i s  a n t i c i p a t e d  
t h a t  they would be recognizable  as "al ive" .  

Phenomena: Visual appearance and morphology, mobil i ty ,  temp- 
erature, i r r i t a b i l i t y .  Spec t r a l  response. 

Poss ib le  Techniques: In  s i t u  sur face  v i s u a l  and mul t i spec t r a l  
( v i s i b l e ,  IR) sensing.  Remote v i s u a l  and 
m u l t i s p e c t r a l  ( v i s i b l e ,  IR) sensing.  Sur- 
face and remote s tereoscopic  v i s i b l e  sens-  
ing.  Remote radar  sensing.  

Remote Sensing: Useful 

Measurement Philosophy: 

To observe 
individua 1 

Moon - 
Mercury 

Mars - 

Venus - 
J u p i t e r  

s e l ec t ed  areas of p l ane t s  i n  a d e t a i l e d  search f o r  
spec ies  o r  herds of animal l i f e .  

Probably n o t  appl icable .  
i n s u f f i c i e n t  t o  support  complex l i f e  (Berkner and 
Marshall 1965). 
I n t e r e s t  i n  wave of darkening and temperate sur face  
zones,  
Atmosphere poss ib l e  h a b i t a t  because of extreme temper- 
a t u r e s  on su r face  (Sagan 1967a and b ) .  

Oxygen and water probably 

Planetary Coverage and Di s t r ibu t ion :  

Approximately 10 percent  of p lane tary  coverage i n  temperate a reas  
se l ec t ed  from reconnaissance.  

Mars 
Venus - High su r face  a l t i t u d e s  and po la r  regions t o  avoid 

J u p i t e r  

- Wave of darkening and polar  regions.  

high su r face  temperature.  
- Nature of su r face  and lower atmosphere unknown. 
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Li fe  Forms - Animal L i f e  (Page 2') 

Scale  of Observables: 

It i s  not  known what t he  s i z e s  of e x t r a t e r r e s t r i a l  l i f e  a r e  
l i k e l y  t o  be.  

Mars 
Venus - m up t o  tens  of meters .  
J u p i t e r  

Spat ia  1 Resolut ion : 

It i s  unreasonable t o  search f o r  very small  c r ea tu res  from o r b i t .  
A su r f ace  r e so lu t ion  of about 20 cm appears t o  be an adequate 
compromise t o  a f i r s t  o rder .  I f  animal l i f e  i s  very s t rongly  
suspected,  but  not  de tec ted  a t  20 cm, a lower r e so lu t ion  could be 
used. 

Acquis i t ion  T i m e :  

Mobili ty w i l l  probably be the  determinant f o r  a c q u i s i t i o n  t ime. 

Approximately 1 second based on ground speeds of ter- 
r e s t r i a l  animals.  

Mars 
Venus 
J u p i t e r  

- 

Measurement Repe t i t ion Rat e : 

In  order  t o  record movement of animals,  a 10 second r e p e t i t i o n  
rate would s e e m  t o  be adequate.  

Spec t ra l  Band and Resolut ion:  

Mars 

Venus - Radar (3  cm) 
J u p i t e r  

- Vis ib le  (5000-7500A), mul t i spec t r a l  (approximately 
10 bands between 5000g and 1 - 5 ~ ) .  

- Atmosphere probably too opaque f o r  remote sensing.  

Imaginq: Useful 
Mars Venus J u p i t e r  

Vis ib le  broadband (5000-7500 8) B 
Radar ( s t e r e o ,  w 3 cm) B , c  

between 5000 a . a n d  1 - 5 ~ )  A C C 
Mul t i spec t r a l  (about 10 bands 

(A = very  use fu l ,  B = use fu l ,  C = not  very u s e f u l ) .  
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OBJECTIVE: L i f e  Forms 

Observable s : Plant  L i f e  

Def in i t ion  : Patches of l i v i n g  p l an t  l i f e  which a r e  v i s i b l e  
on the  su r face  o r  i n  the  lower atmosphere of 
p l ane t s .  P l an t s  a r e  a complex l i f e  form. 

Phenomena: Appearance and morphology, s p e c t r a l  response,  
temperature ,  

Poss ib le  Techniques: In s i t u  sur face  v i s u a l  and mul t i spec t r a l  
( v i s i b l e ,  IR) sensing,  P.emote vi-sual and 
m u l t i s p e c t r a l  ( v i s i b l e ,  IR) sensing.  
Remote radar  e 

Remote Sensing: Useful 

Measurement Philosophy: 

Observe s e l e c t e d  areas of p l ane t s  f o r  vege ta t ion .  Individual  
species  need not  be de tec ted  f o r  f i r s t  o rder  measurements,since 
p l a n t s  c h a r a c t e r i s t i c a l l y  e x i s t  i n  patches on Earth.  

Moon 
Mercury pheres .  
Mars - Wave of darkening has been suggested as vegeta t ion .  
Venus - Atmospheric l i f e  poss ib le  ~ sur faces  have extreme 
J u p i t e r  temperatures.  

- Probably no t  app l i cab le  because of lack of atmos- 

Planetary Coverage and Dis t r ibu t ion:  

Approximately 10 percent  of p lane tary  sur faces  se l ec t ed  f o r  bio-  
l o g i c a l  p o t e n t i a l  ( temperate) .  

Mars - Wave of darkening and polar  regions.  
Venus 

J u p i t e r  - Surface and low atmosphere unknown. 

- High a l t i t u d e s  and po la r  regions because of high su r -  
face  temperatures .  Temperate cloud l a y e r s .  

Scale  of Observables : 

Patches of vege ta t ion  can probably range from a few inches t o  
hundreds of ki lometers  i n  s i z e .  
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Life Forms - Plant Life (Page 2) 

Spatial Resolution: 

First order measurements to a scale of 100 meters will probably 
be adequate to identify patches of plant life. 

Acquisition Time: 

The characteristics of emission and absorption of terrestrial 
plants fluctuate diurnally and seasonally. 

Mars 
Venus - Hours. 
Jupiter 

Measurement Repetition Rate : 

Understanding of diurnal and seasonal cycles is probably not 
necessary for just detecting plant life. Repetition rates up to 
months will probably be adequate. 

Spectral Band and Resolution: 

Mars - Visible (5000-7500 8) .  Multispectral (approximately 

Venus - Radar ( 3  cm) 
Jupiter - Atmosphere probably too opaque for remote sensing. 

10 bands between 5000 A and 1 - 5 ~ ) .  

Useful 
P Mars Venus Jupiter 

Visible broadband (5000-7500 8) B 

Radar (stereo,w 3 cm) B C 

Multispectral (about 10 bands 
between 5000 8 and 1 - 5 ~ )  A C C 

(A = very useful., B = useful, C = not very useful). 
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OBJECTIVE : Life Forms 

Observable: 

Definition : 

Microscopic Life Forms 

The nonvisible living matter composed of organ- 
ized collections of a large number of cells. 
They include spores, viruses, bacteria, micro- 
organisms etc. 

Phenomena: Visual appearance and morphology. Ability to 
grow and reproduce. Temperature and temperature 
gradients on a microscopic 'scale. Mobility. 

Possible Techniques: In situ surface visual microscopic analysis. 
In situ surface sample preparation and 
culturing. Microcalorimetry. 

- Remote Sensing: Not applicable because of the microscopic size 
of these life forms. It is always possible that 
they can exist in such large dense populations 
that they could be observed directly. This con- 
tingency is covered by the macroscopic life form 
measurements. 



OBJECTIVE: Life Forms 

Observable: Living Cells 

Definition : The smallest ent i ty  considered t o  be a l i f e  form. 
Cells are common t o  a l l  higher forms of l i f e .  

Phenomena: Visual appearance and morphology. 

Possible Techniques: In s i t u  surface sampling (preparation of 
sample and microscopy). 

- Remote Sensing:. Not applicable because of microscopic scale of  
l iving ce l l s .  
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OBJECTIVE: Biochemistry 

Observable : Macromolecules 

Definition: Complex molecules such as DNA, RNA, proteins, 
enzymes, organic polymers, which if found are 
highly indicative of life (Ponnamperuma 1965).  

Phenomena: Very large molecular weights, chemical proper- 
ties. Complex spectral signatures. 

Possibl-e Techniques : In situ surface sample analysis (mass 
spectrometry, gas chromatography, pyrolysis, 
ultracentrifugation). 

Remote Sensing: Not applicable because of  the molecular scale of 
the information required. 

Comments : 

In cases where large numbers of macromolecules yield group 
properties, the measurements under "Biochemical systems" will be 
applicable. It is not yet clear that the complex spectral 
signatures can be used to identify specific macromolecules. 
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OBJECTIVE: Biochemis try 

Observable: Complex Molecular Structures 

Definition: The internal molecular structures (long chain, 
helix, double helix, etc.) which are character- 
istic of complex macromolecules. It would be 
desirable to detect structures quite apart from 
the identification of specific macromolecules. 

Phenomena: Internal molecular appearance. Molecular trans- 
port properties. 

Possible Techniques: In situ surface and atmospheric sample 
analysis (microscopy, ultracentrifugation, 
osmometry, viscometry, etc.). 

Remote Sensing: Not applicable because of molecular scale of in- 
formation required. Surface or atmospheric 
sampling is essential. 
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OBJECTIVE: 

Observable: 

Biochemistry 

Biochemical Systems 

Def in i t i on  : Large s c a l e  groups o r  co lonies  of complex biochem- 
icals  which can be de tec ted  by t h e i r  group proper- 
t i e s , r a t h e r  than by t h e i r  i nd iv idua l  molecular 
p r o p e r t i e s .  Biochemical syn thes i s  and d i s soc ia -  
t i o n  may be occurr ing continuously on p l a n e t s .  

Phenomena : O p t i c a l  a c t i v i t y  (po la r i za t ion )  of  biochemicals 
i n  so lven t s .  Spec t r a l  s igna tu res  i n  I R ,  UV, and 
v i s i b l e .  Areal d i s t r i b u t i o n  co lo r  p a t t e r n s .  

Poss ib l e  Techniques: I n  s i t u  su r face  sample ana lys i s  ( v i s i b l e  
polar imetry)  Remote sensing of I R ,  
v i s i b l e ,  UV s i g n a t u r e s .  Remote sensing of 
su r face  patterns.  

Remote Sensing: Useful 

Measurement Philosophy: 

Detect l a r g e  s c a l e  biochemical sys t ems  by t h e i r  s p e c t r a l  s i g -  
na tu res  e 

Moon - N o  evidence f o r  gross  biochemical systems. 
Mercury - Polar  regions a r e  of most i n t e r e s t  i n  view of t emper -  

Mars - Wave of  darkening and poles  a r e  of i n t e r e s t .  
Venus - Biochemical sys tems may e x i s t  i n  atmosphere. Surface 
J u p i t e r  condi t ions  may be h o s t i l e .  

a t u r e s .  

P lane tary  Coverage and D i s t r i b u t i o n :  

About 10 percent  of p l ane t  i n  a r e a s  of s p e c i a l  i n t e r e s t .  

Moon - Not app l i cab le .  
Mercury - Polar  regions,75-90" l a t i t u d e .  
Mars - Tota l  p l ane t  i s  of  i n t e r e s t  ( p a r t i c u l a r l y  wave of  

darkening) .  
Venus 
J u p i t e r  - Atmosphere or clouds of interest. 
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Biochemistry - Biochemical Systems (Page 2) 

Scale of Observable: 

Biochemicals could be distributed on microscopic to planet wide 
scales. Patches of biochemical activity of first order interest. 
Require regional scale measurements for first order investigation. 

Spatial Resolution: 

Compatible with regional scale mentioned above. 1-3 km is re- 
quired to identify regional. biochemical systems. 

Acquisition Time: Less than planetary day. 

Measurement Repetition Rate: 

Measurements corresponding to each season are required (approxi- 
mately monthly). 

Spectral Band and Resolution: 

No clear signatures have yet been identified for biochemicals. 
Resolutions on the order of h/Qh = 1000 will probably be required 
in the visible, UV,and IR. 

Imag in& : Useful 
Mercury - Mars Venus Jupiter 

Multispectral (about 10 
bands between 5000 a and 1-5p) A A C C 

(A = very useful, C = not very useful) 
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OBJECTIVE : 

Observable: 

Metabolism 

Environmental Exchanges 

Definition: The materials which are absorbed by metabolizing 
systems from their environment and passed back 
to their environments. Gaseous exchanges are 
the most common to terrestrial organisms. 

Phenomena: Change of gas concentration in a closed environ- 
ment. Changes of the pH and Eh. Changes in 
concentration of specific substrates OK solutes. 

Possible Techniques: In situ surface sample analysis (mass 
spectrometry, gas chromatography, pH, Eh 
monitoring). 

Remote Sensing: Not applicable since surface samples must be 
collected and prepared for carefully controlled 
experiments e 

Comments : 

The existence of relatively large quantities of gases, oxygen in 
particular, in planetary atmospheres may indicate past or pre- 
sent metabolic processes (Berkner and Marshall 1965). These 
will be detected in such observables as "Atmospheric elemental 
and molecular composition". 



OBJECTIVE : Metabolism 

Observable: Growth 

Def in i t i on :  The increase  i n  s i z e  (but no t  populat ion)  of 
a c t i v e  organisms. I n  genera l ,  h igher  orders  of 
l i f e  are most l i k e l y  t o  e x h i b i t  growth. 

Phenomena: Changes i n  s i z e  of ind iv idua l  l i f e  forms as a 
funct ion of t i m e .  (This i s  not  usua l ly  accom- 
panied by a change in- shape,)  

Remote Sensing: Not appl icable  s ince  it i s  necessary t o  monitor 
ind iv idua l  ob jec t s  f o r  growth. Only organisms 
t h a t  are s t a t i o n a r y  over a long time s c a l e  
( i . e . ,  p l a n t s )  would be appropr ia te ,  and they a r e  
not  expected t o  be adequately i s o l a t e d  f o r  in -  
d iv idua l  recogni t ion from o r b i t .  

Comments : 

Large s c a l e  changes i n  su r face  appearance due t o  b io log ica l  
growth i s  covered i n  "Plant L i f e ' .  
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OBJECTIVE : 

Observable : - 

Definition : 

Phenomena: 

Metabolism 

Heat generation 

The small quantity of heat which is continuously 
released by all metabolizing cells (Hitchcock 
and Lovelock 1967). 

Temperature gradient between metabolizing system 
and its environment. Heat input into a closed 
thermal environment. 

Possible Techniques: In situ temperature measurement of surface 
samples. In situ microcalorimetry on sur- 
face samples. 

Remote Sensing: Not applicable since surface samples have to be 
collected and prepared to detect the small tem- 
perature gradients and heat outputs. 

Comments : 

Thermal gradients generated by very large numbers of cells are 
treated under the obsewables of "Plant Life" and "Microscopic 
l i f e  forms". 



OBJECTIVE : Reproduction 

Observable : B i r t h  

Def in i t ion :  The v i s i b l e  process  of reproduct ion of complex 
animal l i f e  forms. It i s  most apparent  a t  the  
moment of b i r t h ,  but  may be recognizable  f o r  
some days af terwards.  

Phenomena: V i s ib l e  de l ive ry  a f  a r e p l i c a t e  l i f e  form. 

Poss ib le  Techniques: Of marginal value.  The p robab i l i t y  of ob- 
se rv ing  the  b i r t h  of l i f e  forms i s  very 
low and secondary t o  the  observat ion of 
t he  l i f e  forms themselves. 
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OBJECTIVE: Reproduct ion 

Observable: Number dens i ty  

Def in i t ion :  The time dependent populat ion of i d e n t i c a l  
spec ies .  Selected,  l oca l i zed  d i s t r i b u t i o n s  of  
species should be observed i n  con t ro l l ed  condi- 
t i o n s  t o  avoid s imply  observing the  s teady s ta te  
equi l ibr ium common t o  most e s t ab l i shed  popula- 
t ions .  

Phenomena: Rate of change of populat ion.  

Poss ib le  Techniques: I n  s i t u  su r face  sample ana lys i s  ( e u l t u r e  
prepara t ion  and v i s u a l  observat ion by 
microscopy, turbidimetry,  increases  i n  
weight and volume). 

Remote Sensing: Not app l i cab le  s ince  c a r e f u l l y  prepared samples 
are e s s e n t i a l  t o  t he  i n t e r p r e t a t i o n  of number 
dens i ty  p r o f i l e s .  

Comments : 

The recogni t ion  of populat ions of macroscopic l i f e  is  t r e a t e d  
under "Animal l i f e "  and "Plant  life". 
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OBJECTIVE : Reproduction 

Observable : Cellular Division 

Definition : The reproduction of living cells by successive 
splitting. 

Phenomena: Visual appearance of cells, cell counting. 

Possible Techniques: In situ surface sample analysis (microscopy). 

Remote Sensing: Not applicable because of very small scale of 
cellular division. 
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OBJECTIVE : 

Observable: 

Definition: 

Reproduction 

Genetic Codes 

The macromolec lar structures which control the 
rate and form of cellular reproduction. 
sent the bases in DNA and RNA are thought to 
contain the genetic codes. 

At pre- 

Phenomena: "Codons" or triplets of the bases in DNA and 
RNA (Clark and Marcker 1968) .  

Possible Techniques: In situ sample analysis (molecula'r struc- 
tures using microscopy, electrophoresis, 
etc.) 

Remote Sensinq: Not applicable since the scale of interest is 
molecular. 

Comments : 

The detection of genetic codes will be very important to the 
establishment of reproduction,but it is secondary to the identi- 
fication of such macromolecules as DNA and RNA themselves. 
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2.9 Extinct Biota 



2 . 9  Extinct Biota 

A. Objective: Fossils 

1. Animal and plant fos s i l s  

2 .  Molecular fos s i l s  

B. Objective: Biological Decay Products 

1. Hydrocarbons 
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OBJECTIVE : Fossils 

Observable : Animal and Plant FossLls 

Definition : The replicate remains of macroscopic life forms. 
They may be either preserved or impressed in 
crustal materials. In general fossils will be 
under the surface layer, but the location and 
depth will depend on the depositional and ero- 
sional histcry of the crust. 

Phenomena: - Visual appearance and morphology. 

Possible Techniques: In situ surface sampling (visual observa- 
tions) In situ digging. 

Remote Sensing: Not applicable since surface sampling is neces- 
sary to select and identify possible fossils. 
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OBJECTIVE : Fossils 

Observable: Molecular fossils 

Definition: Complex biomolecules which were created in the 
past and which have been preserved without de- 
generation. 

Phenomena: Molecular structure and appearance, chemical 
properties. 

Possible Techniques: In situ surface s&ple analysis (microscopy, 
ultracentrifugation, etc.). 

Remote Sensing: Not applicable because of molecular scale of in- 
formation required. Sampling is essential. 
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OBJECTIVE : 

Observable : 

Biological  Decay Products 

Hydrocarbons 

Def in i t ion :  The l i q u i d ,  s o l i d ,  and gaseous byproducts of 
p a s t  l i f e  which accumulate i n  o r  on the  plane- 
t a r y  c r u s t .  
which are thought t o  have a b io log ica l  o r i g i n  
are o i l ,  coa l ,  and n a t u r a l  gas.  

The most common t e r r e s t r i a l  examples 

Phenomena: Spec t r a l  r e f l e c t a n c e  and emission p rope r t i e s .  
Chemical p r o p e r t i e s .  

Poss ib le  Techniques: I n  s i t u  su r face  sample ana lys i s  (mass 
spectrometry,  gas chromatography, pe t ro-  
chemical ana lys i s ,  e t c . ) .  Remote mul t i -  
s p e c t r a l  sensing of poss ib le  sur face  hy- 
drocarbons (UV, v i s i b l e ,  IR). 

Remote Sensing: Useful 

Measurement Philosophy: 

Search f o r  exposed hydrocarbons on the  p lane tary  sur face  ( l i q u i d  
o r  s o l i d )  on a reg iona l  s c a l e .  

- Poss ib le  l i q u i d  pools and s o l i d s  on sur face .  
Mars 
Venus - P o s s i b l e  l i q u i d  pools  and atmospheric accumulations. 
J u p i t e r  - Unknown. 

Planetary Coverage and Di s t r ibu t ion :  

Search over 80 percent  of  planet on a regional scale f o r  f irst  
order  d a t a .  Widely d i s t r i b u t e d  over p l ane t .  

Scale  of Observable: 

Could range from very  loca l i zed  t o  reg iona l .  
measurements should be on a reg iona l  s c a l e  (approx. 1000 km x 
1000 km a r e a s ) .  

F i r s t  o rder  
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Biological Decay Products - Hydrocarbons ( Page 2) 

Spatial Resolution: 

1-3 km estimated on Earth experience, although there is limited 
exposure of hydrocarbons on the Earth. 

Acquisition Time: Not applicable 

Measurement Repetition Rate: Not appl-icable 

Spectral Band and Resolution: 

Moon - Multispectral g 10 bands in UV visible, and IRbetween 
Mercury ZOOOA and log. 
Mars - Multispectral as above,but cutting o f f  at 5000A. 

- Not applicable Venus 
Jupiter 

Imag ing : Useful 

Multispectral (d LO bands 
between 5000a and lop) 

Multispectral (N 10 bands 
between lOOO& and lop) 

Mars - Moon Mercury 

B B B 

A A B 

(A = very useful, B = useful). 

Comments : 

Geological data on the surface may be useful in determining 
where subsurface accumulations of hydrocarbons may be antici- 
pated. 
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