
Galileo Probe: In Situ Observations of 
Jupiter's Atmosphere 

Richard E. Young, Martha A. Smith, Charles K. Sobeck 

The Galileo probe performed the first in situ measurements of the atmosphere of Jupiter 
on 7 December 1995. The probe returned data until it reached a depth corresponding to 
an atmospheric pressure of -24 bars. This report presents a brief overview of the origins 
and purpose of the mission. Science objectives, entry parameters and mission events, and 
results are described. The remaining reports address in more detail the individual ex- 
periments summarized here. 

T h e  Galileo Entry Probe hlission to Jupiter 
conducted the first in  sit^^ meas~~rements  of 
the at~nosphere of one of the  outer giant 
planets. T h e  i ~ l f o r ~ n a t i o ~ l  received from the 
probe defined the  characteristics of the jo- 
vian atmosphere at the  probe entry site to 
well belo\\, the visible clouds. T h e  vrobe 
also defined the  thermal structure of the 
upper atmosphere at the entry site during 
the high-speed entry phase of the probe 
mission. Even before sensine the atmo- " 

sphere, probe instruments measured the  in- 
ner radiation belts of Jupiter, a region of the 
magnetosphere that had not been previous- 
ly sampled by ally spacecraft and will not be 
sampled by the Galileo orbiter. In  this re- 
port, we summarize the science objectives 
and technical aspects of the  probe mission 
and briefly describe the major results. 

T h e  rationale for an  entry probe ~nission 
to Jupiter arose in part from the inability to 
obtain sufficient information by remote 
sensing to adequately constrain ~nodels of 
formation and evolution of the outer plan- 
ets. In  particular, co~npositiollal and isotopic 
data regarding key trace species were lack- 
ing. O n  the basis of remote observations of 
Jupiter from Earth and from spacecraft, the 
mixing ratio of He  was expected to be small- 
er in Jupiter than in the sun (1 ), whereas the 
mixing ratios of C, N ,  S, and 0 were es-  
pected to be larger in Jupiter than in the 
sun, nerhavs bv factors of two or three 12- 

ter aerosols, respectively-\\,as irferred fro111 
nlodeli~lg of spectroscopic data or comet 
Shoemaker-Levy 9 impact studies (4 ,  6). 

Xlajor questions exist concerning the dy- 
namic nleteorology of Jupiter and the other 
large outer planets. O n e  particularly impor- 
tant cluestion is whether the global pattern 
of zonal winds observed o n  Jupiter, Saturn, 
Uranus, and Neptune ( 7 )  extends deep into 
their atmospheres or whether S L I C ~ I  winds 
are instead collfined to cloud levels. T h e  
ans\\,er has implications for the eilergy 
source and d r i v i n ~  mecha~lisms of the 

u 

willds, and such a question could only be 
addressed hy an  entry probe. 

T h e  Galileo probe was designed and 
built by Hughes Space and C o m m ~ ~ n i c a -  
tions Grouv ~ ~ n d e r  contract to N A S A  
Ames Research Center.  T h e  overall ~nission 
desion and nlission overations were the re- - 
sponsibility of the Je t  P rop~~ls ion  Labora- 
tory. T h e  Galileo probe and orbiter were 
lau~lched o n  18 October 1989 aboard the 
space shuttle Atlantis. Arrival date a t  Jupi- 
ter was 7 Dece~llber 1995 (8). 

Seven distinct science investigatio~ls 

Table 1. Probe investigations 

ae re  conducted from the Galileo probe (Ta- 
ble 1) .  In  addition, two radio science exper- 
iments were performed: Doppler radio track- 
illg of the probe from the Galileo orbiter, 
and a sci~ltillation study of the probe-orbiter 
telemetry link. All probe science investiga- 
tions successf~~lly retur~led data (9-1 6). T h e  
Very Large Array (VLA) set of radio tele- 
scopes \\,as also used in a n  independent effort 
to conduct Doppler tracking of the probe 
carrier frequency from Earth. It has now 
been verified that the probe carrier signal 
was successf~~llv retrieved at the VLA, but 
results are still 'to be determined. T h e  scin- 
tillation study of the probe-orbiter telemetry 
link had to wait for playback of data from the 
tape recorder on board the Galileo orbiter 
and will be reported o n  at a later date. 

All probe entry parameters were close to 
~lolninal  and were well within specifications 
(Table 2).  T h e  probe evidently entered the 
at~nosphere either within or on the soutll- 
ern  boundary of a localized atmospheric 
region k ~ ~ o a n  as a 5 - p m  hot  spot (17) .  
Sucll hot spots may have properties within 
and above cloud levels that  differ from 
those of most of the atmosphere. However, 
probe measurements verified that below 
cloud levels, the  variation of temperature 
with pressure was close to a n  adiabatic re- 
lation, as anticipated ( 1  3). Therefore, these 
deeper levels should be well mixed, and 
probe observations a t  these levels nrould be 
expected to be more representative of glob- 
al co~lditions in the jovian atmosphere. 

T h e  probe instruments began direct sam- 
plillg of the jovian atmosphere at 0.42 bar 
(Table 3). During approximately the previ- 
ous 9 s, the instruments were active and 
exposed to the atmosphere because the aft 
heat cover had been jettisoned. However, as 

lnvest~gation Purpose Principal investigator 

Atmospherc structure Thermal structure, A. Seiff, San Jose State 
instrument (AS) vertcal winds Unversity Foundation 

L 

4) .  T h e  abundances of noble gases such as Energetic parice Inner radiaton belt H .  Fischer, Universltat Kiel 

Ne, Kr, and Xe ae re  LIII~IIOLVII, as were their detector f E P )  parameters 
Lightn~ng-radio emission Optical and radio L. Lanzerott, Bell Laboratores, 

isotopic ratios (2) .  Other isotopic ratios of detector fLRD) lightning properiies Lucent Technolog~es 
high interest, s~1c11 as the D/H ratio, were Hellurn abundance Relative helium U ,  von Zahn, Universitat 
subject to considerable uncertainty (2) .  T h e  detector (HAD) abundance Rostock 
thermal structure of Jupiter's atmosphere at ~~~h~~~~~~~ (NEP) Cloud parameters, B. Ragent, San Jose State 
pressures much above 1 bar had not been ocatlon Universitv Foundation 
measured, and only a fe\\, relatively impre- 
cise temperature-pressure data points existed 
for the uppermost atmosphere. Three cloud 
layers were anticipated (5) on the basis of an  
approximately solar conlposition of the at- 
mosphere. T h e  existence of the lower two 
cloud layers-which had been predicted to 
consist of ammonium hvdrosulfide and n-a- 

NASA Alnes Research Cenier, Moffeit F~eld, CA 9L035. 
USA 

Net flux radometer (NFR) Solar planetary L Sromovsky Un~vers~ty of 
rad~at~ve flux Wlsconsln 

Neutral lnass Compos~t~on (2 to 150 H Nlemann Goddard Space 
spectrometer (NMS) amu) Fght Center 

Doppler wlnd exper~ment Zonal wind profe D. Atk~nson, Universty of Idaho 
(DWE) 

Rado sc~nt~llat~on Turbulence, signal R .  Woo, Jet Propulson 
exper~ment absorption Laboratory 

Ground-based Doppler Zonal wind profe R .  Preston, Jet Propulsion 
w~nd* Laboratory 
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designed, the forlvard heat shield had not yet 
been jettisoned; thus, wake effects contami- 
nated the measure~nents. T h e  probe started 
direct at~nospheric measurements 53 s (-0.3 
bar) later than planned. T h e  cause of this 
delay has been attributed to a fault in the 
wiring between the probe entry deceleration 
switches and the probe c o ~ n ~ n a n d  processor. 
Measurements were apparently begun in the 
loner part of the top cloud layer, thought to 
consist of alnmonia ice particles, rather than 
above the ammonia cloud, as planned ( 1  2).  
T h e  solar zenith angle at the time of the start 
of direct measurements was -68'. 

T h e  e ~ l d  of the probe signal occurred 
near the  24-bar pressure level, much deeper 
than the basic objective of 10 bars, a t  61.4 
mill after entry. T h e  probe maintained a 
telemetry link with the  orbiter passing over- 
head for 57.6 min. Telemetry lock occurred 
1 mill after the  beginning of descent mode 
operations and 35 s after the start of data 
trans~nission fi.01~1 the  probe. Descent data 
acquired by the probe before telemetry lock 
nere  stored o n  board the probe and read out 
after telemetry lock had been establislled. 
Thus, a n  uninterrupted data stream cover- 
ing 58.6 nlin was obtained from the begin- 
ning of descent. Energetic particle data ob- 
tained before entry and accelerometer clata 
obtained 'luring the lliqh-speed decelera- 

tion phase of the  probe lnissio~l n-ere stored 
and transmitted during the descent phase. 
For consiste~lcv and ease of co~nvarison be- 
tween differell; instruments, ali times are 
relative to the  start of probe descent oper- 
ation (Table 3) .  

T h e  vrobe heat shield isolated the vrobe 
interior from the enormous entry heat loads. 
However, during parachute descent, envi- 
ronlnental temperatures within the interior 
of the probe exceeded those predicted, both 
on the cold and warm sides. For example, the 
atmospher~c structure instrument experienced 
hardware tenlperatures ranging from 30 K 
colder to 7C K warmer than the temperatures 
~ ~ s e d  in preflight calibrations. Other Instru- 
ments experienced different temperature 
ranges, but all exceeded the expected ranges. 
In addition, the rate of change of telnperature 
to wl~ich instruments and electro~lics nere 
exposed exceeded the rates that had been 
vredlcteii. Eviclentlv, there was mucll closer 
;herma1 coupling of the Interior of the probe 
to the jovial1 atlnosuhere than had beell an- 
ticipated. This situation has necessitated ef- 
forts to recalibrate flight backup instruments 
within the encountered thermal environment 
and to perfor111 additional data analyses. The  
results reported in this issue of Science reflect 
thermal correctio~ls accolnPllshed to date. 

T h e  Galileo probe results showed Inore 

Table 2. Probe entry parameters (18). Longtude is referenced to System I l l .  

Parameter Target Requirement Achieved 
uncertainty (I cr) 

Entry time IUTC) at 450 km 22:04:26 =3 min 22:04:14 26 s 
above 1 -bar pressure level 

Relatve flght path angle -8.60 -7.2 to -10.0 8 . 3 8  0.05 
(degrees) 

Planetocentric lattude 6.57'N ~ 6 . 6  (not wthin 51 )  6.5a'N 0.01 
(degrees) from equator 

Long~tude (degrees) 5,02'W - 4.46'W 0.3 

Table 3. Event tmetable Descent tme  I S  measured from beg~nn~ng of probe descent operat~on R,, 
rad~us of Jupter 

Descent time (min) Pressure (bars) Event 

'To the nearest mnute. 
determined. 

.I- LRD!EP data acquired at 5R, 
LRD/EP data acqc~ired at 4R, 

.i- LRD!EP data acquired at 3R, 

.I- LRD/EP data acqured at 2R,; EPI 
continues until just after entry 

8 x Entry 1450 km above I -bar pressure level) 
0.006 Peak deceeraton (228g) 
0.41 Start of descent mode operat~on 
0.41 Pilot chute deployed 
0.41 Aft heat cover separated: maln parachute 

deployed 
0.42 Start of direct atmospheric measurements 
0.53 Orbiter locks on to probe telemetry signal 
1 .0 Passage of 1 -bar pressure level 

10.0 Passage of I 0-bar pressure level 
24::: End of probe s~gnal 

i'Belo,?! detectable m i t .  ,Approximate value: a thermal corrections have not yei been 

He in Jupiter than was ant~cipated, with an  
abundance that was nearly solar (9 ,  1 Q);  the 
abundance of C and S was about as expect- 
ed, but that of 0 was f'ar less than either its 
solar abundance or the expected amount ( in  
the form of' H 2 0 )  (1 2 ) .  T h e  mixi~lg ratio of 
N in the f o r ~ n  of NH,  has not vet been 
determined. T h e  noble gas abundances were 
found to varv markedlv; Ne  vas  ereatlv de- , . " ,  

pleted with respect to its solar abundance, 
\vhereas Xe was greatly enriched (1 2).  Iso- 
topic ratios appeared to be nearly solar (10).  
No distinct n-ater cloud \\.as observed (1 I ) ,  
but there was evidence of two upper cloud 
layers, corresponding to the  expected posi- 
tions of arnrnonia and a l n ~ n o n i u ~ n  hydrosul- 
fide clouds (1 1 ,  12). T h e  thermal structure 
a t  the probe entry site was defined from 
pressures of <lo-%bar to -24 bars (1 3). T h e  
vrobe derived the vertical wind nrofile for 
Jupiter from just belolv the top cloud layer to 
about the 24-bar nressure level (14) and , , 

sllo\ved that zo~lal winds extend deep into 
the atmosvllere. In addition, the probe de- 
ter~nined the solar and planetary net radia- 
tive flux profiles in the atmosphere (12),  
cllaracterizecl lightning within a few Earth 
diameters of the probe entry site ( l j ) ,  and 
discovered inner radiation belts consisting of 
He  and heavier ions ( 1 6) .  
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