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Executive Summary processes) neblong temporal baselines provided-by long
duration landeFRurther,tber data will requireasurements

Venus surface conditions are exceptionally challengingaf@rilsgmultaneously at multiple Ip8atiamentechnology
use of surface platforms due witherhperature and pressukgansupporhewshorduratiomissions; 4) increased science
and reactive atmosphere. Nonetheless, there are ivgort@tealizegdi ncr easing surface m
science questions that can only be answered via in situiguidacesurface (time), b) mobility, c¢) sophistication an
operatianboth short and long dura#omsin purposthis  autonomous operations (smarts), and d) multipfetivepies
Venus Surface Platform Study usderstand platformsame |ptformmaking simultaneous measurexhesatisous
capabilésrequired to achieve desired Meamim; surface  locationgmultiple simultaneous measurements of MSM).
andsurfac@tmospherelatedcience. potentidgmpact to scienceviayiousapabilities is shown in

More generally, the origiodly purposeasto assess the TableES An ~H° in a field sig
science achievable by vannizzes platform capabilities, tmpactful in realizing that aspect of the scie&ce. Ai n a
describe the state of the technologies applicable to Venusigniffeg@éssomewhat impactful. The descaptiefinitions
exploration, and to lay dughdevelroadmap for the futureof the capabiliteesprovided iBectioB.Q
exploration of the planet by this iGearsthat the Venus The capabilities referenced previously are underpinned
Exploration Analysis GrougAG)Erecently reviewed an@lade possible by a host of technologies, some current, som
released updsttEts key documeffitigure EH, one of which  development, and some still to be developed. The study te
was the exploration roadthapstudy teadropped the explored the relationship between technologies and capabil
roadmaglement from the objest and summaed the result§ able ES The detailed discussion

Major findingef the completed stumblude: 1) surface of technologies and their relationship to capabilities is discus
science is key to understanding Venus origin, history, cliniat@eation.Q
interior; Zomekey data (like mineralogy and morphology) ceite identified capabilities are not necessarily exclusive of e
continue the acquired with skioratiotandersindprobe other and combinations of capabilities may be synergistic.
while other data (meteorology, seismology, and gealioginpt was made at capturing that con$tigioteniz&

ROADMAP ; VENUS
FOR VENUS ‘e TECHNOLOGY
EXPLORATION PLAN

-

L

Figure ES. VEXAG documéred. 1 and?).



The conclusions drawn are that enhanced capabilittesbdlongand MSM will require consistent support to devel
dimensions of mobility, smarts, and especially time andr®l&ntitechnologies. The most impadduinnieghnology
provide the foundations to address more decadal sciencéyesttimmgs will target solutions to power needs (especi
related to Venus ®s -atnmspberesupporting dodife fplatiorens), higimgeraturd electsonias,f a
interactions. To enhance future lander, pfadpramart memar, and autonomous operations and navigation.

Table ES& Potential Science Impact Relative to Capability
Sciencéeld Capability
Interior i Smarts Mobility

Structure

Composition

Dynamics

Heaflux

Surface

Composition

Dynamicefuptions f | ows ,

Diversityspatial

Morphology

Stratigraphy
Surfacatmosphere interactions

Gas ansurface composition
Winds

Reactions

Momentuexchange

Criticalinderlying and supporting technology Capability
Smarts Mobility

Power@w 10s of watts or less)
Powerhigh 100s of watts)

Coolingwill also need power fhigh

Hightemperature electronics/memory/power proces

Mechanismdr{lls, wheels @)

Autonomowperations and navigation

Stateofartinstruments
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Important s Mobility

o = Increasing mobility may
Characterlstlcs provide insight on spatial
diversity, surface dynamics, g =
and geologic record. Time
for a Ve n us La n de r Increasing length of time may a
provide insight into interior
(via seismicity) dynamics
(interior, surface, and atmosphere),

climate/meteorology, momentum
exchange, and weathering.

Smarts
Increasing smarts may provide deeper
insight into composition, diversity,
geologic record, and age.
L ]

oleS

Figure E3.Drivingynergistapabilities \dénusurface platforms



1.0 Introduction were:1) intericr Walter Kief@chiversitie§paceResearch
Associatidunar andlanetarynstitute 2) surfaéeMartha

One of the most intriguing planets in our solar system tondeid(Wesleyan Universiangd 3)surfacatmosphere
solar and exsalar systarscience is Venus. Venus is the plapgéractiohdNatasha Johnd@SFC)lonathan Saud@pL)
most similar to Earth in sevpaitarways and mabelieve was the lead for tmpabilitieethnologgubgroupThe
Venudike planets are more common around other suns thagiaiiging team demlds for the subgroups are reflected in
EartHike planetShereforegientific understanding of @& sisappendix. Ao achieve study goals, twinface meetings
planet is a high priority. To address many,qoestions (one at GSFC and one at GR@ygesigedhcluding one
measurements are requinexl is true faany planebut  whereinvited scientists, technologists mission planners
particullr true for Vendse taheunique challendkat the  participateda2-day working meeting to systematically addres

atmosphere poses for remote sensing. The envirogmg@ni#ikcuss relevant tofBeseral telecoms were also
challenges the Venus surfemee madelifficutoaddresthe  conducted to discuss content, assign and report on actions, n

interiof surfaceanddeepatmospherelatedcgencguestions  decisionsne discuss work progress.
posed in the Planetary Decadal Surv&ef8pand VEXAG
goals and objectives docurRefit§ o there still remains thel.2 ~ Study Approach

need for gitu data hias been recognizegdant workshops The approach for this study was to engage those with prio

such athe Yenus modeling workshop hétrdiegearch current activity related to Venus surface espldthgon
Cente(GRGON 2017Ref5). Perhaps the most notable challer&q(e

_ perts in the figdlistinghem to work together to address the
at the surfacetie extrentemperaturéhe extreme temperaturgriginalstu dy purpose; to asess the scierdesirechy
hasrelegatetthesurfacéfe ofallVenusanderto datéo be no ’

various surface plagpthetechnologigsquiredandto la
more than 127 minutesRehe drive to understaadnge out ahighlevel rozdmgp for the fut?Jre prlef)ration ofythe plan
of science needsd how those relate tocohebinatioof

by surface platforbwig the study proceswas discovered
environmental challenges and technical cbhpeaitithae y P 9 yp G .
_ L , that there wesefewkey capabilities that drove the ability to
impetus for initiatihgVenus Surface Platform Jiugiypain . . e
_ achieve Venus science goalskéyagmabilities in turn could
purposef the Venus Surface Plastadyis to assess the

be realized by one, or more often, a combination of spec
sciencéhat needs todehiesdby various surface platforen o100 de)\l/elopmmﬁatifying the key capabilities became
capabilities needed to achieve that sci¢énedeamaologies

ded t ble th bt a product of this study.
needed o enable those capabliities. During the course of this sWEXAG reviewed and updated

their guiding documenduding the Roadmap for Venus
exploratiofRefl). There grediscussi@between this study
Studyrelated work was executed by an organizing conpsaittegnd the teams updating the VEXAG documents and so
and four subgrouf$eorganizing committeasisted of theearly results of this study were inputs to the VEXAG tez
(alphabeticallgff Balcerdkinio Aerospacknstitute Noam  ypdating the documeBitgen this exchaaged the release of
Izenber@lohns Hopkins University Applied Physics ),aborg@yEXAGadmagocument, trstudy team did not develop
Natasha Johng@ddardacerightCenter (GSHCand  its ownseparatexploration roadmap as origitetiged
Tommy Thpeon(Jet Propulsion Laboralgt)).(The study therefor¢hat objectives dropped from this effort
wasco-chaired by Mike Anf@8FGind Tibor Krer(@RC) Ths study report is organized atoerbree target scée

Each of the targgencareas had a lead that helped encougggg@sconsistent with the subgroup stithetseeagain are
and steer discussionsnaakk the neegedgressscience

driven subgroumsreorganizeahd targetedsiorfaceelated 1. Interiofe.g, geophysics agelodynamics)

topicsnanely 1)interior2) surfacegnd 3purfagatmosphere 2. Surfacg.g.geology, weathering, minerology, and petrology
interaction¥here was also atfo subgroup organized tha8. Surfacatmosphere interactiemgs minerology, petrology,
focused arapability/technolmpicsLeadfor the subgroups ~ atmospheric casition, and geocheghis

1.1  Study Organizational Structure
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After a discimsof the science nedus,focus turns to the parameter$he approach then involved deeper discussion, G
capabilities required to meet the respective target scienedhafosecific technologies enable the key capabilities.
Finally, the underpinningoanehabling technologies are Some examples of specific technologies thsteisake
discussed. key capdities includitabl@ower systena cooling system

Foreach of the thteegesciencareagherespectivdudy that could keep senssivisystems within an acceptable
subgrouformulated science objeatisesssed 8ectio.Q temperature range, and-tdngpberature electrorfesther
The discussion centerghe scienobjectivesapabilitand  discussion of underpinning technologies is psaatied.
functionality necesskmy a surfaceplatformto get the
measurements to achieve the goialisce 1.3 Challenges

This required an understandingstdt¢éhef the §&BOAPT Tre relativieck of knowledgé ¢ surianesidainterids

what is presently known about Venus, including infogmgti@fresult of the challenging environwigoh has
providetdy variouplatformsuch asrbitersUnderstandiby temperatures heough to melt leand zincpressures
the science subgrougbeo5O4fapplicablechnologiegas quival ent to nearly a kil

also necessdryfacthis was discussidiopicateacifaceto-  eactive chemiatthosphei®ef.7). Remote sensing of the
face meeting. Once the key capabilities, as @SUitRA in - g, pce and portions of the atmosphere is diffiq@Resbest
were identified by the study team, the sapdamtiegoinning  4n5) dueto the thick layers of sulfuric acid clouds and the higt
technologies were aisoudsed among the technology gilssyre supercriticala@@osphere below those clouds. This
science subgroups. This helped drive out what the sehno HERampered the ability of orbiting missions tegiredde
that enable thg capabilities to achieve the science. _ insight into surface features and prabasdeggpotential
Thecapabilitigethnology subgroup looked at a varleté(lugi regarding climate, surface promedsbs interior
areas and how those enabled capabilities or direct measurgignife period from 1970 to 1984, 10 landertenissions
for scienc&some of the discussapability anechnolag  yenugvere successfully executed, yet the longest surviving as
topics includednstrumentation, avionics, communlcatlap\énems) lasted only 127 mir(iRe£8) before succumbing
power, and mohility to the extreme temperature. While this and other landers pro\

Itwas found there was an interplay betweeasilaitles 5 aple new datithe timekey measurements remain poorly
parameters and how that transfagerteentation capabilitie$ynstrained. Iddition. the short ffeventednderstairy

Thefollowingxamplsubset are sopsrametetisat can lay many of theemporahearsurfacerocessesn Venuysfor
foundation for a set of key capabilities required. example meteorolaggseismic adtiythereforeery little is

known abothe activity of the ¢rtls interigstructure or

T Tl.meduatlor(hours to months) _ compositipandhesurfacatmosphere interactions.
1 Distancéetween measurem@msit measurements to

100s ofikometer¥ .
§ Depthsurfacto 10 of meters) 2.0 Venus Surface Science Gaps

1 Terraiaccessdflat plains to tessprae and Desire d Measurements
i glét;nomw(nplepreprogrammed mission to humans méhf Overview
1 Pointsietworlsingt landehtoughander netwoyks Significant scientific investigation of Venus has historic:

involved the use of multiple platforms including orbital, ae
The science that can be adbredsseges dramatically(balloon), and lander missitms use of orbital and aerial
depending @ondition$or examplduration of the misgipn platforms has been facilitated through the leveraging of c
how many landers are coordinated in the mission. technologies relevant to other planetary studies including thos
The set of key capabilities identifiedtudthissenabout  Earth. Given #evironmentanditionsn the Venus surface
through discussingvarious science needs and missiamdthecapabilities enabled by technologies af ldredéme



Crust
(silicate)

(silicate)

Mantle
(silicate)

-\
._L— Mantle
(silicate)
Outer core
(liquid iron-nickel alloy) y
~—— Core

liquid iron-nickel allo
Inner core (liq v)

(solid iron-nickel alloy)

T | nt eSeismicrmeasurements via-Avihdander of
seismicitynduced by active tectonism or volcanism woulc
also be invaluable. Measurements by a singteuldnder
be sufficient to detect such activity, but measurements &
network would enable more quantitative analysis of t
activity°Figgl.l . A. GA) (e. g

1 Surfacegeologfh ander s can provi de
of rock type and physicalréiédionships using -high
resolution imagers and chemical analysis instruments (€
x-ray fluorescence, gamma ray spectrometry, or LIBS [la
induced breakdmprctroscopy]). Landers could potentially
remove surface coatings caused by chemical weatherin
determine the detailed miai
(e.g.Figur@.2 andrigure.3).

1 Surfacatmosphere interactiodsitu direct measurements
of the deep Venus atmosphere would provide clarity to ques

_ , i of the concetimas and distributions of gases whose lowest

Figur@.2. Magellan image of Dickinson Crater, oredativesly scale height concentrations have only been inferred. T

small number of Venus cratersqRef. Investigation could be accomplished via landers or desc
probes with suitably desi
missions to date have had limited durations (~2 hours). AltheughFinally, landers and despeobes capable of
substantald vancements have been shullafeousiy) measurthg mesebralonichii par@metera dnt
sister planegiven such missions, there are significant scienegixing ratio of carbon dioxide (and other species) in the lov
guestionthatstillneed to be investigated, améngcaes ~10 km can study supercrit
uniquely answered, through the use of in situ measurements.

Examples of questions from the recently updated VEXAGQY@aH8&ns about key science questions andpgmesiuere
Scientific Goals, Objectives, and InvestigafiprelaiRdfto each subgroup in the sflalyle.1 gives a sampling of the
different aspects of Venus planetary exploration include: science questions associated with the Venus surface, whict
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related to rock composition, atmospheric chemistry, clima@iard the limited number and duration of previous Ven
weather, and interior dynamics and structure. These questinfacarmissions, even incrementalvsigpsiengthese

key to understanding Venus. In some cases, the questiorslcandaglirface ission capabilities would be.usefuver,
answered using current lander technology with uptpedsd of surface platfdrat$iave the enhanced capabilities in
instrurantation. However, to answer a number of science gaestisre time, smarts, mobility, and/or MSM are geeded to
data from longer duration missions, new capabilities, baylopld incremestaéncadvancememtsdachieve major or
measurements at various locationsdmtdoicg mobility mayeven breakthroughvaadementsn Venus scienckey

be required. These capabilities in turn may require advaapabiities that impact science return are defined and discu
releant technologies (Bef.

What is the physical structure and rheology of

in detail in SectihA

Figure.3. Venus surface image taken by Mefieed 1).

Tabl.1. Examples 8€ience Questions, Missions, and Associated Measurements

Science

interior?

Mission

Long lived, single and multiple, statig

Measurements

Seismology (ledgration
stationary platform)

Interior diversi
andstructure

What is the physical structure, composition
dynamics of the crust?

Londived, single and multiple, statior|

Seismology (ledgration
stationary platform

What is the heat flux from the interior to the 9

What characterized Venus surface geology ar

Single, multiple, stationary, long or shq

Single, multiple, stationary, shortto m
life

Heat flux, temperature prok

Imaging, chemical compos
and age dating, physical
measurements

Geology and
composition

What is the spatial variation across the surfac
geology?

3+ landers (different altitudes and latit
stationary, shtived preprogrammed
mission, or lofiged or mobile system

Imaging, chemical compos|
and age dating, physical
measurements

What are of petrogenic elements, material pr
and surface structures?

What are the concentrations of atmosphg
constituents, metrological conditions, and §
radiance?

Single, stationary, sletl preprogramm
mission

Single, stationary, 3+ landers (diffef
altitudes and latitudes), short life;
preprogrammed mission

Chemical composition and
dating, physical measurem

Meteorology, chemical
composition, radiance

Climate,
weather, and
energy balang

What are the time variations in concentratig
atmospheric constituents, metrological condit
solar radiance?

Single, 3+ landers, stationariyvkhg
mission up to one solar day

Meteorology, chemical
composition, radiance

What is thepatial variation of concentrations
atmospheric constituents, metrological condit

solar radiance?

Longlived landers (different altitudes
latitudes): multiple stations, multipléfeh
landers, and / or lafistance mobility

Meteorotfy, chemical
composition, radiance




2.2 Interior A londived surface lander that includes a seismometer al
possibly a heat flow probe as part of the payload could m
important contributions towards answering these questions.
Major investigations relatecbedter understandifighe Aseismic system dorglived landepuldboth measure the
Venus interiggefined here to be a caipfeters or deeper oyg| of seismic activitysetiemeasured seismic velocities to
below the surfaicejude investigation of seismic 8W8vI, constrain the interior structure, such as the thickness &
structurandbulk composition, and interior heat loss. Venuscl%%sition of the cidse path toward seismology on Venus
similar size, massd location in the solar system,tou@arth ¢ yq pe to start with a single station totessessal level and
knowledgeitdinteriostructure is limitedtudies of the graVityampIitude of seismic aetivitell as the level of wind noise, which
field For example, the bulk density and tidal Lokeequiteer o4 interfere with seismic measurements. Such a pathfi
the presence of a metallictieatie at least partially molteRyneriment woalsdnfornfuture missionsetthance and tune
(Refl?, and regional gravity studies constrain the thiCkne5§e‘P§m§neters, power sysiaduptimizethedander platform
crust and lithosph@efl3 and the locations of upwelling aEQstem such as datarsmission and stordge InSight
downwetig flow in the mar(#ef.14. There is mounting mission on Mars demonstrates the potential power of even a si
evidence for curyeattiveolcanisifRefsl5andl9, butthe highly capable seismic stiiei2]). A longlivedsurface
frequency aaduption volumesraseknowiN.enerad5andl6 platfor m, s 0 m®efsmié ang Atindspheric N

and Magellan data rewaalndant tectomictivity such as Exploration of Venus (SABM@pEigure.4 (Ref22, could

extensiafriftstructurecontractional structures sudg@ and  pa,sed for such a misSombinatismftwoormore of those

mountain belts, and the highly deesseed hese features aregame platforrsgaced an appropriate distance from each othe

indicative of a convecting mantle yet currently Venus does i3 anie determine the locatiogdsaiicsouresand

a magnetic fiefdirther,ezaus¥’enus and Earthsamelar in - propethe intericstructurdsy measuring how seismic velocity

sizeandbulkdensitynd likely similarcomposition, one might,5ries with depBther geophysineasuremergsch as heat

expect them to have sisuiéacéeat flowsdoweveE a r t Iy §nchagnetic field measurements, would also befineportant.

interior heat is efficiently transported to the surface bycR|&€interior questionsstigt amission approachuldo

tectonicswhileVenus appears to have a thicker lithosphgfesmciude thoskosvn irrable.1.

resulting in less efficient convective energy transport and a lower

surfacéeatlow(Ref17. The details of the fbsdransition

from an early mobile lithosphere on Venus to Haaypresent ‘s

sluggish or stagnant lithosphere are poorly understood and were

probably both spatially and temporally(Bafghandl 9.
Major science questions include:

2.2.1 Science Questions

I What is the physical structure and rheology of the deep
interior?

1 What is thghysical structure, composition, and dynami
the crust?

1 What is the heat flux from the interior to the surface?

1 What is the current level of endogenous activity on V4

2.2.2 Notional Mission Approach (es)to Address -
Science Questions on the Interior of Venus DragFlap .

=N

S _
; L .
Seismometer \" 7~ B

Camera sphere (2) Heat Flux Instrument

While no in situ seismic data fexisMtenusday, models
suggest that perhaps a few tens of events of magnitug
greater may occur over the course ofday{&raatar day on
Venus is 117 Earth)d&ef20. Figure.4. SAEVe lander con@@@t22).
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A key capability to address interior ssitheabilityo  measuremenWhile the velocitiesnaterelatively lgrgjee
measure for longer timeswatidnultiple landefglission atmosphere is dense and will indiesedo the instrument.
duration shouittiallype for at leastBértldays with 120 days This can be addressed with simultaneous measurements of
or more beirnlge goal. For missions lasting up to a Venus\atzity and pressure conjunctionwith the seisnt
day (117 Earth dagapabilities considered wabte near measurementoreover, ambient seismic noise induced by the
term are platforms [E#&EVeThe addition of memory tglobal wind field has the potential to be a usefsbssism
platforms like SAEVe will enable capturing and transmittipgpaltiek that it is measured simultaneously at two or mt
data in the seismic waves making it a desired .techstalbgys in a regional seismic network. Ambient noise seismo
Optimumistance betwettre surface platforms that suppbds become an extremely important technique in terresi
seismometers have been initially estimated to BéGtetweeseismology (R&).

800 km(Ref23. The more separalietveen platfornise The efficacy of a deployed seismometer can depend on
deeper one can prdbés estimated that dagth® 1060 porosity and rigidity of the material at the laftbngusite.
150km can h@robedssuminipat the seismometer is sensitil@sanaterialouldesult in poor coupling with the seismometer
to seismic periods between 10 and 100 seconds, |futhdeseismology lander also includes a drill for a heat flow
measurements at period® b0keconds could prowtild geochemistry experiment, the drill could serve as an act
on seismic source mechanidetaorks of longer duratioseismic source for probing the structure of the shallo
stations, even permanent platforms, can be envisioneduipstintace. A similar arpat was performed on Mars using
future as other capabilities like permanent power solutiois@are he at f | ow — mo2ll).éAdaptatisn ola s
developeand could continue to reveal more about the irteisonometer instrumetggie.5) (Ref23 and tactics from
stucture of Venus much as seismology has done on EarthA S A®s | nHEgur@dandrigures)qReb2B8and

29 for Venus seismometry appears like a plausible solution.
2.2.3 Measurements

The key surface geophysics measurements for understa%&ir?’g%t’l’éeat Flux
interior of Venus are seismology, heat flow, and magnetométrih.e f |l ux of ener gy coming
both on the pattern and vigoneéctive flow in the mantle and
on the distribution of radioactiverbeéating elements in both

One of the most direct methods to undersimnmbtivd & the crust and mantle. A broad range of evolutionary models |
planet is the use of seismology. The overall science objestiviepi®posed for Venus, involvingtecpdatelke mobile
to determirikerateand natu Venus seismic actsityell  lithosphere, a stagrtuatsiphere, transitions between these two
as umgseismic measurements to understtnacthee and states, and a possible catastrophic resurfacing event at some
composition of ¥enus interior in the last billion ye@ef 30. Measuring the heaitted

Seismic veity is a function of temperature and composfhi@ugh the crust can contribute to an understarérgaf the
thus, it can be used to measure interior structure. For estarapié,the Venus interior. Currently our guides to understan
the thickness of the crust can be determined because the
transition from the crust to the mantle is a major discontinuit
seismic velgciwithin the crushatalso be able to distinguish
compositiofe.g., basakndesiteor granite) based on the
seismic velocity (R4f.The thicknesi$he lithosphere can be
estimated from the velocity of RayleigReti29esgreater
depths in the mantle, it may be possible tderaperaieire
by looking for reflections fmameraphasedransitiong.g.,
olivine to spinel) in the upper nieft&)(

Seismic measurements on the Venus surface have a specifi¢ggfes1 nsi ght sei smometer - s
of challengethe presence of the Venusvilladtkect seismic systems (MEMS) sensordBef.

2.2.3.1 Seismology




these problems are gravity modeling, surface geology, and crai
record. Measuring heat flow directly would add critically impol
informatio on the current thermal budget of Venus, bui
implementation may be challenging. Heat flow is usually mea:s
by drilling at least several meters into the surface and measurir
temperature gradient as a function of depth and the ther
conductivihe ar a pl anet ®s surf ace
due to the diurnal cycle in solar insolation, so these measuren
must be made at sufficient depth to be below these diur
temperature variations. On the Moon, this requires measureme
dephts of 2 to 3 m below the surfacgl(Reh Venus, the likely
lack of an impact gardened regolith results in a-bigfemenear
thermal conductivity. Thig, witimthe long solar day, allows the
diurnal thermal wave to reach depths of ~10 m on Venus. How
drilling to such great depths into Venus is a daunting task toda
multiple reasons including the needed power and time to drill tc
required deph done previously on other planetary bodies.
One alternative measurement concept that has seen s
development is a contact type thernfadptet8)( With good
£ pling, thermal control, and supporting measurements like su
seismometer (R skin temperature and accurate local diurnal data, the desired he
measurement might be feasible33Rdh principlethe
measurement could be made in a short period of time. Howe
numerical climate simulations indicate that the surface tempel
can vary by ~®wer the diurnal cycle 8efwhich will cause
the heat flux into and out of the surface to vary with time. Ev
thermal plate measurements were madk divenal &ycle, it
has not yet been demonstrated that the measurements ca
performed with sufficient accuracy to reliably remove the dit
signal or to accurately measure the heat flow out of the Ve
interior. As a first step toward measutingiheé#t, it would be
useful to measure the temperature variation at the surface ov
Figure.7. Image of NASA Insigbsivh (Re29. course of the solar day.

Figur@.8. Contact type heat flux sensor and imag®pidraray (right) (R2f.
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