
The Galileo spacecrafT was desiGned To spend years Travel- 
ing through the inner solar system and asteroid belt before it 
reached its main objective: the Jovian planet-satellite system. nasa 

intended the spacecraft to take some observations of inner planets and asteroids but to 
focus on investigating Jupiter, its moons, and the fields and particles of its magnetosphere 
at a level of detail never before attempted. The overall mission would last more than a 
decade. 

nasa intended that the Galileo project advance the goals of the agency’s lunar 
and planetary exploration program, which were to understand 1) the origin and evolution 
of the solar system; 2) earth, through comparisons with other planetary bodies; and 3) 
the origin and evolution of life. To make progress toward these goals, the Galileo mission 
was to conduct a comprehensive investigation of the entire Jovian system, including both 
in situ and remote observations of the planet, its environment, and its satellites. in order 
to make so many different types of measurements, the Galileo spacecraft needed to have 
a wide range of capabilities. nasa constructed the spacecraft in three segments, each of 
which had a specific objective: 

• Analyze the composition and physical properties of Jupiter’s atmosphere. To 
accomplish this, a pod of instruments called the atmospheric probe detached 
from the spacecraft and descended into the planet’s atmosphere. its in situ 
measurements broadened our understanding of the events and processes 
that formed the planets approximately five billion years ago. 

Chapter 5

The Galileo SpacecrafT 
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 •  Explore the vast region of magnetic fields and ionized gas (plasma) that sur-

rounds Jupiter. To meet this objective, the main section of the Galileo orbiter 
was given a spin, which allowed its instruments to sweep through and mea-
sure characteristics of fields and particles in all directions relative to the 
spacecraft. The spinning section of the orbiter also carried communications 
antennas, the main computers, and most of Galileo’s support systems. 

• Investigate the nature of the Jovian system’s principal satellites. cameras and 
sensors capable of forming high-resolution images in the visible and other 
parts of the spectrum were needed to meet this objective, as well as a stable 
platform from which to take the pictures. Galileo’s designers included a 
“despun” (nonspinning) section in the orbiter that could be pointed and 
maintained at a given orientation. from this platform, Galileo’s imaging 
system obtained pictures of Jovian satellites at resolutions from 20 to 1,000 
times better than voyager’s best.1

The above objectives necessitated developing a spacecraft of great complexity 
and technological capability. figure 5.1 provides an illustration of some of the Galileo 
spacecraft’s many parts and instruments. The spacecraft made it possible for scientists 
to conduct a long-term, close-range study of the Jovian system. The atmospheric probe, 
which weighed 340 kilograms (750 pounds), carried six scientific instruments. The orbiter 
carried 10 instruments and weighed 2,200 kilograms (4,900 pounds), including about 900 
kilograms (2,000 pounds) of rocket propellant. The spacecraft radio link to earth and 
the probe-to-orbiter radio link served as instruments for additional scientific investiga-
tions. Galileo communicated with its controllers and scientists through the deep space 
network’s tracking stations in california, spain, and australia.2

The Political and Economic Reasons for a Three-Segment Spacecraft

The complex Galileo spacecraft design arose not only to satisfy the scientific objectives 
discussed above, but also because of politics and cost factors involved in creating the 
mission. in the 1970s, the space science community debated at great length what types 
of projects should follow the pioneer and voyager flyby missions to the outer planets. 
as discussed in chapter 2, the space science community formed many committees and 
conducted numerous studies to help answer this question. after the successful pioneer 
encounters with Jupiter in 1973 and 1974, more difficult spacecraft maneuvers seemed 
possible. pioneer collected enough data about the Jovian system, for instance, that nasa 
engineers thought that they could now design a probe spacecraft to descend through 
Jupiter’s atmosphere and stay operable long enough to make valuable observations. 

1	 John	 R.	 Casani,	 testimony	 for	 Space	 Science	 and	 Applications	 Subcommittee,	 Committee	 on	 Science	 and	
Technology,	United	States	House	of	Representatives,	1	March	1978,	JPL	Archives;	“Galileo’s	Science	Instruments,”	
Galileo: Journey to Jupiter, http://www.jpl.nasa.gov/galileo/instruments/	 (accessed	11	April	2000);	NASA	Office	of	
Space	Science	and	Applications,	“Mission	Operation	Report,”	Report	No.	E-829-34-89-89-01,	1989,	p.	12.

2		“Galileo	Overview,”	Galileo: Journey to Jupiter,	http://www.jpl.nasa.gov/galileo/overview.html	(accessed	1	November	
2000).	

3	 		James	A.	Van	Allen,	“Planetary	Exploration,”	section	11	in	“What	Is	a	Space	Scientist?	An	Autobiographical	Example,”	
University of Iowa, Department of Physics and Astronomy, http://www-pi.physics.uiowa.edu/java/,	22	August	2002.	
This	article	originally	appeared	in	Annual Review of Earth and Planetary Sciences	18	(1990):	1–26.

Figure	5.1. The Galileo spacecraft consisted of three major parts: the Atmospheric Probe

and the spun and despun sections of the Orbiter, each of which had specific tasks to perform. 

(Adapted from JPL image no. 230-1235)

what made Jupiter mission planning complicated was that several different fac-
tions were involved in the debates, and each one envisioned a different kind of mission. 
atmospheric scientists wanted a probe descent into the Jovian atmosphere. The “space 
physics” faction, which wanted to study the Jovian magnetosphere, favored a spinning 
spacecraft that would orbit Jupiter and take fields-and-particles data. and the “remote 
sensing” faction needed a stable, nonrotating orbiting platform on which to mount its 
imaging equipment. The trouble was, trying to do everything that the scientists wanted 
could require two or three trips to Jupiter, and this was economically untenable. 

a spacecraft needed to be designed that would satisfy at least some objec-
tives of the different scientific disciplines. in 1976, James van allen of the University of 
iowa headed a nasa committee known as the Jupiter orbiter probe science working 
Group (JopswG), whose purpose was to “develop a follow-on Jupiter mission of more 
advanced capability than the pioneers and the voyagers, with a deep atmospheric entry 
probe and an orbiter having a useful lifetime of at least two years.”3 JopswG attempted 
to combine the best aspects of the different scientific factions’ visions into one spacecraft 
concept. according to Torrence v. Johnson, who served on van allen’s committee and 
was later appointed Galileo’s project scientist, “what Galileo became was basically a mas-
sive compromise in trying to get all the various scientific disciplines on board . . . . van 
allen was actually the godfather of the mission as it currently exists. he played the role 
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8	 	James	W.	Stultz,	“Thermal	Design	of	the	Galileo	Spun	and	Despun	Science,”	J. Spacecraft	28	(March–April	1991):	
139;	“About	JPL,”	http://www.jpl.nasa.gov/about_JPL/about_JPL_index.html	 (accessed	20	November	2001);	John	
Casani	interview,	tape-recorded	telephone	conversation,	29	May	2001.

9		“Galileo	Frequently	Asked	Questions	(FAQ)—General	Spacecraft	Anatomy,”	http://www.jpl.nasa.gov/galileo/faqana.
html	(accessed	4	December	2000);	“Thermal	Blanketing,”	Galileo Messenger	(March	1983):	3.

10	“Flight	Cabling,”	Galileo Messenger	(March	1983):	2.	

of bringing the [factions] together and getting them to agree to necessary compromises to 
get a mission that would do a good job for everybody. and he did it in a pretty effective 
and objective way.”4

Selecting Science Instrumentation To Meet Mission Objectives

in the process of developing the mission concept, JopswG had to consider the “number, 
type, and capabilities of instruments that might be carried on the mission to make a cred-
ible case the mission would achieve its primary scientific objectives.”5 Torrence Johnson 
commented that this was 

. . . always a somewhat incestuous process since the people on the 
committee inevitably have their own axes to grind—involving conflicts 
between discipline areas like remote sensing versus space physics, 
cameras versus spectrometers, whose instrument worked best on the 
last mission, etc. nevertheless, the (Jop)swG had to come to consensus 
on a package that would have credibility with the rest of the science 
community. This involved putting together lists of prioritized objectives 
and how precise measurements had to be if they were to be useful, and 
comparing those with the capabilities of previously flown instruments 
and instruments under development.6 

numerous researchers and instrument developers gave presentations to JopswG 
during this time, trying to sell their current instrument concepts. JopswG eventually 
developed a “straw-man” payload, or, in other words, a set of instruments that could meet 
the minimum objectives of the mission and which were credible in terms of their costs, 
masses, power requirements, and data-collection rates. 

in nasa’s “announcement of opportunity for outer-planets orbiter/probe 
(Jupiter),” the agency solicited proposals for instrumentation to meet primary Jupiter mis-
sion objectives. proposers were given information about the straw-man payload but were 
not required to limit themselves to just those instruments—if a group felt that it could 
meet the objectives better with another approach, it was free to propose it. The straw-man 
instrument types did “have an edge” over other instruments in the selection process, how-
ever, having already been examined and discussed by JopswG and identified as being 
capable of meeting mission objectives.7

The specific instruments selected are discussed later in this chapter in the 
“atmospheric probe” and “orbiter scientific experiments” sections. 

Spacecraft Features

nasa’s lead center for robotic exploration of the solar system, the Jet propulsion 
laboratory in pasadena, california, fabricated the Galileo orbiter and was given overall 
responsibility for the mission. nasa’s ames research center, one of whose specialties was 
atmospheric research, oversaw the design and development of the Jupiter atmospheric 
probe. The retropropulsion module (rpM), which was part of the orbiter’s spun sec-
tion, was built by Messerschmitt-Bolkow-Blohm of the federal republic of Germany 
(west Germany). it contained the 400-newton engine used for trajectory maneuvers  
and Jupiter orbit insertion, and it also included two 10-newton thrusters for spin and 
altitude control.8

figure 5.1 depicts a long extension jutting out from the spacecraft. This was 
Galileo’s 11-meter (36-foot) science boom, which was attached to the orbiter’s spinning 
section and on which fields-and-particles instruments were mounted. These instruments 
were placed there because they happened to be extremely sensitive to local fields gen-
erated by Galileo’s other equipment, and the distance that the science boom provided 
helped minimize interference. for Galileo’s launch, the science boom was collapsed into 
a cylinder only 0.6 meter (2 feet) long. after Galileo separated from its inertial Upper 
stage, the boom was extended like a telescope to its full 11-meter length. 

figure 5.1 also depicts the plutonium-bearing rTGs, which, like the fields-
and-particles instruments, were located a safe distance away from the main body of the 
Galileo spacecraft.9 

flight cabling

Galileo was the most ambitious and complex interplanetary spacecraft that had yet been 
launched. if laid end to end, the electrical wire used in the orbiter’s many cables would 
have stretched 7,500 meters (25,000 feet), or nearly 5 miles. over 700 connectors joined 
these cables to one another and to Galileo equipment. every connector and cable had 
to be electrically shielded to protect equipment from Jupiter’s strong magnetic fields and 
radio signals, as well as from electrostatic discharges on the spacecraft. poorly shielded 
cables and connectors could have caused interference or damage to computers and sen-
sitive instruments. voyager, which spent only weeks in Jupiter’s hostile environment, 
experienced some electrical discharge problems. Galileo would spend years in the region 
and would get much closer to Jupiter.10

project staff spent four months installing the myriad cables in the orbiter’s despun 
section and half a year in the spun section. This was painstaking, labor-intensive work, 
sometimes performed with tweezers (see figure 5.2). The cabling team had to solder 

4	 Torrence	V.	Johnson	interview,	tape-recorded	telephone	conversation,	31	July	2001;	Craig	B.	Waff,	“Jupiter	Orbiter	
Probe:	The	Marketing	of	a	NASA	Planetary	Spacecraft	Mission”	 (paper	presented	 in	 the	“National	Observatories:	
Origins	and	Functions	(The	American	Setting)”	session	of	the	American	Astronomical	Society	meeting,	Washington,	
DC,	14	January	1990).

5	 Torrence	V.	Johnson,	e-mail	message,	24	October	2001.

6	 Ibid.

7	 Johnson	e-mail	message;	“Announcement	of	Opportunity	for	Outer-Planets	Orbiter/Probe	(Jupiter),”	1	July	1976,	A.O.	
No.	OSS-3,	folder	18522,	NASA	Historical	Reference	Collection,	Washington,	DC.	
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tens of thousands of electrical contacts, and connectors had to be “potted”—filled with a 
molding compound that held individual wires in place and made the cables more durable 
and less likely to fail during the mission. cables that would be directly exposed to space 
required fiberglass sleeving to protect them from micrometeoroids. The cabling crew con-
sisted of 15 technicians who worked 60-hour weeks to deliver the completed cables on 
schedule and who had been intensively trained in cable fabrication, soldering, crimping 
(an alternate method to soldering of fastening wires or electrical shielding to connectors), 
potting, and various cleaning techniques. This training was critical—a carelessly soldered, 
“cold” joint or improperly crimped connection could impair an instrument’s functioning 
or separate during the mission and disrupt the gathering of key data.11 

Figure	5.2. Galileo’s despun section receives its cabling. 

Galileo’s Dual-Spin Design

Unlike previous planetary spacecraft, Galileo was designed with a “dual-spin” feature. 
part of its orbiter rotated continuously at typically 3 rpm, which accommodated  
fields-and-particles experiments. The craft’s magnetometer, for instance, built up data 
on a magnetic field by sweeping through it. The despun section of the orbiter remained 
stationary, providing a fixed orientation for imaging equipment and other sensors (see 
figure 5.1). 

during delicate propulsive maneuvers, as well as at the time of probe release, 
spacecraft stability was critical. To maximize stability, the sections of the spacecraft were 
locked together and spun as one at a higher-than-usual rotation rate of 10 rpm. a stable 
spacecraft helped to precisely aim the probe toward the Jovian atmosphere when it  
was released from Galileo. Galileo’s higher spin rate also helped direct the probe on its 
proper course in much the same way as a gun barrel’s rifling spins a bullet to send it on 
a straighter line toward its target. aiming the probe accurately was absolutely essential 

Figure	5.3. Cross section of Galileo’s spin bearing assembly showing slip-ring and rotary 

transformer assemblies. (JPL image 230-957Bc) 

 

because the probe had no propulsion system of its own to correct any mistakes. once it 
was sent away from Galileo, its course could not be altered.12 

fabricating a dual-spin spacecraft required that a reliable electrical interface be 
developed to carry signals and power between its despun and spinning sections. cables 
could not be used; they would soon have become twisted and wrapped around various 
parts of the spacecraft. instead, the spun and despun sections of Galileo were mechani-
cally connected by means of a “spin bearing assembly (sBa),” and it was via this that 
electricity was passed. electrical power, as well as data at low rates, was sent across the 
sBa through the sliding contacts of 48 slip-rings. in these assemblies, a flexible brush con-
tact rode over a large revolving ring that was electrically connected to the spun section of 
Galileo. data were transmitted at high rates through 23 rotary transformers that consisted 
of pairs of coiled wires wrapped around a ferrite core. in each pair, one coiled wire was 
connected to and rotated with the spun section of Galileo; the other wire was connected 
to the despun section. The electric current passing through one coil created a magnetic 
field that induced current in the other coil. data were transmitted without physical contact 
between the coils (see figure 5.3). 

it took project staff considerable effort to achieve reliable data transmission 
through the spin bearing assembly. during extensive testing begun in 1984, electrical 
noise interfered with signal transmission. after laborious disassembly and inspection of 

11	 Ibid. 12	“Galileo	FAQ”;	“WWWWWH,”	Galileo Messenger	(March	1983):	4.	
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tens of thousands of electrical contacts, and connectors had to be “potted”—filled with a 
molding compound that held individual wires in place and made the cables more durable 
and less likely to fail during the mission. cables that would be directly exposed to space 
required fiberglass sleeving to protect them from micrometeoroids. The cabling crew con-
sisted of 15 technicians who worked 60-hour weeks to deliver the completed cables on 
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or separate during the mission and disrupt the gathering of key data.11 

Figure	5.2. Galileo’s despun section receives its cabling. 
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field that induced current in the other coil. data were transmitted without physical contact 
between the coils (see figure 5.3). 

it took project staff considerable effort to achieve reliable data transmission 
through the spin bearing assembly. during extensive testing begun in 1984, electrical 
noise interfered with signal transmission. after laborious disassembly and inspection of 

11	 Ibid. 12	“Galileo	FAQ”;	“WWWWWH,”	Galileo Messenger	(March	1983):	4.	
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the assembly, the staff determined that chemical contamination accumulated during the 
manufacturing process was probably the cause of the interference. Ultraclean compo-
nents replaced questionable ones, and redundancies were built into the system to make 
it less sensitive to electrical noise.13 

Multipurpose Blanketing for Galileo

Galileo staff covered most of the spacecraft, except for its radioisotope thermal generators, 
antennas, and certain radiating areas, with nearly 300 thermal blankets. The blanketing 
design process began with paper patterns fit onto models of various Galileo components. 
The blankets were then fabricated from these patterns and laboriously laced together into 
place on the spacecraft.14 

The blanketing consisted of multiple layers of insulation. The stratum closest to 
the spacecraft was a sort of “thermal underwear” made up of 10 to 20 layers of aluminized 
Mylar and dacron net. not only did the blankets help vital parts of Galileo to retain heat, 
but they also protected against impacts from micrometeoroids. The blanketing on most of 
Galileo was mounted with a space between it and the surface in order to better disperse 
the energy of a micrometeoroid impact. 

a third function of the blanketing was to prevent electrical discharges. This was 
accomplished by covering Mylar reflecting layers with electrically conductive blanketing 
that was grounded to the rest of the spacecraft. in the past, spacecraft had been plagued 
by electrical arcing, which sometimes occurred when one surface amassed a large differ-
ential charge relative to another surface. signals caused by this arcing had been wrongly 
interpreted as radio signals from a source external to the spacecraft. Galileo’s blanketing 
electrically connected different regions of the spacecraft surface with each other so that 
there would be no more than 10 volts of potential between the regions at any time. This 
equalization of potential prevented arcing and spurious radio signals.15

Galileo’s Main Power Source: Radioisotope Thermal Generators 

electrical power for most of Galileo’s equipment was provided by its rTGs, in which heat 
produced by radioactive decay was converted to 500 watts of direct current. (The probe’s 
more modest needs were supplied by long-life lithium batteries.)16 

several nasa spacecraft had employed rTGs in the past, including viking Mars 
landers, apollo Moon landers, and the voyager and pioneer craft on missions to the outer 
planets. nasa’s policy has been to use rTGs on robotic spacecraft traveling beyond the 
orbit of Mars, where the faint radiation from the sun makes solar panel arrays impracti-
cal; they would have to be prohibitively large to collect enough energy for a spacecraft’s 

system. rTGs were used on Mars and lunar landers as well because the long nights would 
have reduced the effectiveness of solar panels.17 

The Atmospheric Probe 

attached to one end of the Galileo orbiter was a pod of scientific instruments called the 
Jupiter atmospheric probe (or, as figure 5.1 calls it, the “atmospheric entry probe”). nearly 
five months before Galileo reached Jupiter, its two parts—orbiter and probe—separated 
from each other with the aid of explosive nuts. Three springs pushed the probe away at 
just the right angle to send it on a collision course with the planet.18 

once the probe was released, it drifted in freefall toward Jupiter, for it had no 
on-board propulsion system. The planet’s strong gravitational force reeled the probe in 
at ever-increasing speeds. The probe then conducted the most challenging atmospheric 
entry ever attempted by nasa. By the time the probe entered the Jovian atmosphere 147 
days after release, it had attained a speed of 171,000 kilometers per hour (106,000 miles 
per hour) relative to the planet—a speed sufficient to fly from washington, dc, to san 
francisco in 100 seconds. when the fast-moving probe hit the Jovian atmosphere, it expe-
rienced a braking force equal to 250 times the gravitational force at earth’s surface. Then it 
fell through a region where atmospheric pressure ranged from one-tenth to over 20 times 
earth’s surface pressure. The probe had to be extremely durable to withstand such entry 
forces and pressures and still be able to collect and transmit useful data.19

Probe components

in order to simulate the probe’s expected response to atmospheric entry stresses, nasa’s 
ames research center had built special equipment during Galileo’s design process that 
included arcjet and laser facilities. ames, working with nasa langley research center 
and outside contractors, also wrote a sophisticated modeling program that predicted the 
probe’s ability to withstand expected entry temperatures. These simulations helped to 
identify the need for a probe composed of two major segments, the deceleration module 
and the descent module (see figure 5.4). 

The deceleration module provided an extremely tough outer shell for the probe; 
it surrounded and protected its payload during the first 2 minutes of atmospheric entry, 
when temperatures would be the highest. The deceleration module consisted of fore and 
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14	 “Thermal	Blanketing,”	Galileo Messenger	(March	1983):	3.	

15	 Ibid.,	p.	3.	

16	 “Mission	Operation	Report,”	p.	14.

17	 “Backgrounder:	Shuttle	Launches	of	Ulysses	and	Galileo,”	December	1984,	John	Casani	Collection,	folder	48,	box	6	
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18	 Ames	Research	Center,	“Probe	Mission	Time	Line,”	in	Galileo Probe Background,	no	date	given,	folder	18522,	NASA	
Historical	Reference	Collection,	Washington,	DC.

19	 Ames	Research	Center,	“Galileo	Probe	To	Look	for	Secrets	of	Jupiter”	and	“The	Probe	Spacecraft,”	both	in	Galileo 
Probe Background,	no	date	given,	folder	18522,	NASA	Historical	Reference	Collection,	Washington,	DC;	J.	R.	Casani,	
“Galileo	Fact	Sheet,”	4	June	1981,	JPL	Interoffice	Memo	GLL-JRC-81,	Galileo	Correspondence	4/81–6/81,	folder	28,	
box	3	of	6,	JPL	Archives;	Galileo to Jupiter: Probing the Planets and Mapping the Moons,	JPL	Document	No.	400-15	
7/79	(Washington,	DC:	Government	Printing	Office	(GPO)	No.	1979-691-547,	1979);	“Probe	Mission	Events,”	http://
spaceprojects.arc.nasa.gov/Space_Projects/galileo_probe/htmls/Probe_Mission.html	(accessed	17	October	2004),	
folder	18522,	NASA	Historical	Reference	Collection,	Washington,	DC.	



114 MISSION TO JUPITER: A HISTORy Of THE GAlIlEO PROJEcT  cHAPTER 5 I  THE GAlIlEO SPAcEcRAfT 115
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Mylar and dacron net. not only did the blankets help vital parts of Galileo to retain heat, 
but they also protected against impacts from micrometeoroids. The blanketing on most of 
Galileo was mounted with a space between it and the surface in order to better disperse 
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a third function of the blanketing was to prevent electrical discharges. This was 
accomplished by covering Mylar reflecting layers with electrically conductive blanketing 
that was grounded to the rest of the spacecraft. in the past, spacecraft had been plagued 
by electrical arcing, which sometimes occurred when one surface amassed a large differ-
ential charge relative to another surface. signals caused by this arcing had been wrongly 
interpreted as radio signals from a source external to the spacecraft. Galileo’s blanketing 
electrically connected different regions of the spacecraft surface with each other so that 
there would be no more than 10 volts of potential between the regions at any time. This 
equalization of potential prevented arcing and spurious radio signals.15
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electrical power for most of Galileo’s equipment was provided by its rTGs, in which heat 
produced by radioactive decay was converted to 500 watts of direct current. (The probe’s 
more modest needs were supplied by long-life lithium batteries.)16 

several nasa spacecraft had employed rTGs in the past, including viking Mars 
landers, apollo Moon landers, and the voyager and pioneer craft on missions to the outer 
planets. nasa’s policy has been to use rTGs on robotic spacecraft traveling beyond the 
orbit of Mars, where the faint radiation from the sun makes solar panel arrays impracti-
cal; they would have to be prohibitively large to collect enough energy for a spacecraft’s 

system. rTGs were used on Mars and lunar landers as well because the long nights would 
have reduced the effectiveness of solar panels.17 

The Atmospheric Probe 

attached to one end of the Galileo orbiter was a pod of scientific instruments called the 
Jupiter atmospheric probe (or, as figure 5.1 calls it, the “atmospheric entry probe”). nearly 
five months before Galileo reached Jupiter, its two parts—orbiter and probe—separated 
from each other with the aid of explosive nuts. Three springs pushed the probe away at 
just the right angle to send it on a collision course with the planet.18 

once the probe was released, it drifted in freefall toward Jupiter, for it had no 
on-board propulsion system. The planet’s strong gravitational force reeled the probe in 
at ever-increasing speeds. The probe then conducted the most challenging atmospheric 
entry ever attempted by nasa. By the time the probe entered the Jovian atmosphere 147 
days after release, it had attained a speed of 171,000 kilometers per hour (106,000 miles 
per hour) relative to the planet—a speed sufficient to fly from washington, dc, to san 
francisco in 100 seconds. when the fast-moving probe hit the Jovian atmosphere, it expe-
rienced a braking force equal to 250 times the gravitational force at earth’s surface. Then it 
fell through a region where atmospheric pressure ranged from one-tenth to over 20 times 
earth’s surface pressure. The probe had to be extremely durable to withstand such entry 
forces and pressures and still be able to collect and transmit useful data.19

Probe components

in order to simulate the probe’s expected response to atmospheric entry stresses, nasa’s 
ames research center had built special equipment during Galileo’s design process that 
included arcjet and laser facilities. ames, working with nasa langley research center 
and outside contractors, also wrote a sophisticated modeling program that predicted the 
probe’s ability to withstand expected entry temperatures. These simulations helped to 
identify the need for a probe composed of two major segments, the deceleration module 
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The deceleration module provided an extremely tough outer shell for the probe; 
it surrounded and protected its payload during the first 2 minutes of atmospheric entry, 
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Figure	5.4.	The Probe deceleration and descent modules. (JSC digital image collection, NASA 

photo number S89-44175)

aft heatshields, the supporting structure for the heatshields, and thermal-control hardware 
for the probe’s atmospheric entry. The fore and aft heatshields were made of carbon 
phenolic and phenolic nylon, respectively, which had been used often for earth reentry 
vehicles but were subjected to conditions at Jupiter that the materials had never before 
experienced in flight. The deceleration module had to withstand the enormous stresses 
that occurred when the probe hit the dense Jovian atmosphere at 171,000 kilometers per 
hour. The probe slammed into and rapidly compressed the atmospheric gases ahead of it. 
it also experienced tremendous friction from gases streaming by it. The friction and atmo-
spheric compression heated and ionized nearby atmospheric gases to temperatures twice 
as hot as the surface of the sun, thereby generating an incandescent plasma envelope that 
surrounded the probe as it fell. 

The probe’s plunge through Jupiter’s upper atmosphere has been compared to 
a trip through a nuclear fireball. The job of the heatshields was to disperse the enormous 
thermal energy to which they were subjected before the sensitive electronics within the 
probe got cooked. The shields did this by means of an ablative process in which heat 
energy was first absorbed as it vaporized the shields’ surface, then carried away by the 
gases produced. This process quickly eroded the shields (see figure 5.5). during the first 
2 minutes after atmospheric entry, this erosion reduced the forward heatshield mass from 
152 kilograms (335 pounds) to only 70 kilograms (154 pounds).20

Figure	5.5. Probe heatshield ablation. The forward heatshield, which was made of carbon-

phenolic, accounted for about one-half of the Galileo Probe’s total mass before entry (as 

shown in the left half of the figure). More than one-half of the heatshield’s mass was ablated 

during the entry period. The right half of the figure shows the final heatshield shape (in black) 

as determined from sensors within the heatshield. The ablated material is shown in grey. 

(NASA Ames photo number ACD96-0313-13)

Most of the probe’s reduction in speed took place within those first 2 minutes. 
By the end of that time, the braking action of Jupiter’s atmospheric gases had cut the 
probe’s speed to about 1,600 kilometers per hour (1,000 miles per hour), slow enough 
that parachutes could be deployed without getting ripped apart or melted. as will be 
explained in chapter 8, the parachutes helped to separate the probe’s deceleration module 
components from its descent module. This descent module contained the payload—
delicate scientific instruments and electronics that would study the Jovian atmosphere. 
The descent module fell slowly through the Jovian atmosphere, its speed controlled by a 
parachute, while its instruments gathered data. These data were then transmitted back to 
the over-flying orbiter, which stored them for later transmission to earth.21 

20	 “Galileo	 Probe	 To	 Look	 for	 Secrets	 of	 Jupiter,”	 “Probe	 Mission	 Time	 Line,”	 and	 “The	 Probe	 Spacecraft,”	 all	 in	
Galileo Probe Background;	 “The	 Galileo	 Probe	 Spacecraft,”	 http://spaceprojects.arc.nasa.gov/Space_Projects/
galileo_probe/htmls/probe_spacecraft.html	 (accessed	23	March	2004),	 available	 in	 folder	11626,	NASA	Historical	
Reference	Collection,	Washington,	DC;	“Probe	Mission	Events,” http://spaceprojects.arc.nasa.gov/Space_Projects/
galileo_probe/htmls/Probe_Mission.html (accessed	 17	 October	 2004),	 available	 in	 folder	 11626,	 NASA	 Historical	
Reference	 Collection,	 Washington,	 DC;	 “Galileo	 Probe	 Heat	 Shield	 Ablation,”	 http://spaceprojects.arc.nasa.gov/
Space_Projects/galileo_probe/htmls/Heat_Shield.html	(accessed	18	October	2004),	available	in	folder	11626,	NASA	
Historical	Reference	Collection,	Washington,	DC.	

21	 “The	Probe	Spacecraft”;	“The	Galileo	Probe	Spacecraft”;	“Probe	Mission	Events”;	Ames	Research	Center,	“Artwork	
of	 Parachute	 Deployment,”	 http://spaceprojects.arc.nasa.gov/Space_Projects/galileo_probe/htmls/Parachute_
deployment.html (accessed	 17	 October	 2004),	 available	 in	 folder	 18522,	 NASA	 Historical	 Reference	 Collection,	
Washington,	DC.	
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Power Source for the Probe 

The Galileo probe needed an electrical power source that would retain a high energy 
density during the years of interplanetary travel and be able to deliver its power quickly 
during the final phase of the probe’s life as it approached, then plunged down through 
Jupiter’s ever-thickening atmosphere. To achieve such a power source, three parallel bat-
tery modules were developed, each containing 13 lithium–sulfur dioxide cells connected 
in series. nasa staff had chosen this design in 1976, 13 years before the Galileo launch, 
during the early development of the probe. in making the selection, the discharge capa-
bilities of sample cells and modules were evaluated while the batteries were subjected 
to rigorous high-g simulations of the launch and the plunge into Jupiter’s atmosphere. 
life testing was an important part of the evaluation. The lithium–sulfur dioxide cells had 
to demonstrate that their voltage delay at turn-on, as well as their ampere-hour capacity, 
would remain within acceptable limits even after the multiyear journey through space.

Because the Galileo launch was repeatedly delayed, numerous battery-cell lots 
were fabricated. for maximum battery life, it was vital that the probe carry the freshest 
cells possible. The 10th lot of cells, manufactured in 1988, became the lot used on the 
spacecraft. all of the lithium–sulfur dioxide cells were manufactured at honeywell’s power 
sources center in pennsylvania. each cell was designed to be the size of a d battery so 
that the company’s existing tooling and assembly experience could be exploited.22

Probe Entry Trajectory

The probe’s trajectory was designed to intersect Jupiter’s atmosphere at an angle of only 8 
degrees below horizontal. The angle needed to be shallow so that the probe would slow 
gradually and be able to withstand the forces of its deceleration, as well as the frictional 
heat it generated. But an angle of 8 degrees was also just steep enough to prevent the 
probe from bouncing back out of the atmosphere like a stone skipping along the surface 
of a pond.23 

Probe Scientific Experiments and Instrumentation

The probe’s atmospheric exploration focused on advancing our understanding of Jupiter 
beyond what was known from earth-based and previous spacecraft studies. These earlier 
investigations had to rely on remote observations of the Jovian atmosphere. analysis of 
the planet’s complex, three-dimensional atmospheric dynamics had to be gleaned from 
two-dimensional images of cloud tops. But to fully understand the colorful swirls and 
rapid movements visible at the cloud tops, scientists needed to know about the dynam-
ics and composition deep within the atmosphere and the nature of the powerful forces 
that drive Jovian weather patterns. The probe had the advantage of being able to provide 

key in situ measurements of atmospheric characteristics as a function of depth. what 
the probe found shed light not only on Jupiter’s atmosphere, but also on those of the 
other gas giant planets—saturn, Uranus, and neptune. however, the probe did have the 
limitation that, at a given moment, it could take observations of only one place in the 
atmosphere. an important question that arose during the interpretation of probe data was 
how typical it was of the rest of the Jovian atmosphere.

James van allen’s JopswG team, whose activities were discussed above, had 
furnished nasa in 1976 with a “rationale for the mission’s objectives and measurement 
requirements,” which helped nasa staff to develop its announcement of opportunity 
soliciting proposals for instrumentation to meet mission objectives. The announcement 
identified a series of specific objectives that an atmospheric entry probe was to fulfill. 
These objectives were as follows: 

• characterize structure (temperature, pressure, and density) of the Jovian 
atmosphere to a pressure depth of at least 10 bars (10 times the atmospheric 
pressure at sea level on earth). 

• determine the chemical composition of the Jovian atmosphere.

• determine the location and structure of the Jovian clouds. 

• Measure the vertical energy flux to determine the local radiative energy 
balance. 

• characterize the upper atmosphere.

• determine the nature and extent of cloud particles. 

furthermore, the probe’s payload of science instruments was to weigh no more 
than 30 kilograms (66 pounds).24

Most of the scientists on van allen’s JopswG team who advocated an atmo-
spheric entry probe either had served on the pioneer venus mission or had connections 
to it. not surprisingly, their instrumentation formed the basis for the probe’s straw-man 
payload design.25 

critical to the probe’s success was a method of analyzing the Jovian atmosphere’s 
chemical composition. in selecting the right instrument for this, weight considerations 
could never be forgotten, since the total probe payload weight could not exceed a very 

22	L.	 M.	 Hofland,	 E.	 J.	 Stofel,	 and	 R.	 K.	 Taenaka,	 “Galileo	 Probe	 Lithium–Sulfur	 Dioxide	 Cell	 Life	 Testing,”	 in	 IEEE 
Proceedings of the Eleventh Annual Battery Conference on Applications and Advances	(held	in	Long	Beach,	CA,	9–12	
January	1996),	pp.	9–14.

23	 “Galileo	Probe	To	Look	for	Secrets	of	Jupiter.”	

24	 T.	V.	Johnson,	C.	M.	Yeates,	and	R.	Young,	“Space	Science	Reviews	Volume	on	Galileo	Mission	Overview,”	Space	
Science Reviews	60	(1992):	7–8;	Galileo to Jupiter;	“Galileo	Project	Information,”	http://nssdc.gsfc.nasa.gov/planetary/
galileo.html	(accessed	15	March	2000);	Hofland,	Stofel,	and	Taenaka,	“Galileo	Probe	Lithium–Sulfur	Dioxide	Cell	Life	
Testing,”	p.	9;	“Galileo	Probe	To	Look	for	Secrets	of	Jupiter.”

25	 Johnson	e-mail	message.
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Power Source for the Probe 

The Galileo probe needed an electrical power source that would retain a high energy 
density during the years of interplanetary travel and be able to deliver its power quickly 
during the final phase of the probe’s life as it approached, then plunged down through 
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tery modules were developed, each containing 13 lithium–sulfur dioxide cells connected 
in series. nasa staff had chosen this design in 1976, 13 years before the Galileo launch, 
during the early development of the probe. in making the selection, the discharge capa-
bilities of sample cells and modules were evaluated while the batteries were subjected 
to rigorous high-g simulations of the launch and the plunge into Jupiter’s atmosphere. 
life testing was an important part of the evaluation. The lithium–sulfur dioxide cells had 
to demonstrate that their voltage delay at turn-on, as well as their ampere-hour capacity, 
would remain within acceptable limits even after the multiyear journey through space.

Because the Galileo launch was repeatedly delayed, numerous battery-cell lots 
were fabricated. for maximum battery life, it was vital that the probe carry the freshest 
cells possible. The 10th lot of cells, manufactured in 1988, became the lot used on the 
spacecraft. all of the lithium–sulfur dioxide cells were manufactured at honeywell’s power 
sources center in pennsylvania. each cell was designed to be the size of a d battery so 
that the company’s existing tooling and assembly experience could be exploited.22

Probe Entry Trajectory
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degrees below horizontal. The angle needed to be shallow so that the probe would slow 
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of a pond.23 

Probe Scientific Experiments and Instrumentation
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how typical it was of the rest of the Jovian atmosphere.

James van allen’s JopswG team, whose activities were discussed above, had 
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• characterize structure (temperature, pressure, and density) of the Jovian 
atmosphere to a pressure depth of at least 10 bars (10 times the atmospheric 
pressure at sea level on earth). 

• determine the chemical composition of the Jovian atmosphere.

• determine the location and structure of the Jovian clouds. 

• Measure the vertical energy flux to determine the local radiative energy 
balance. 

• characterize the upper atmosphere.

• determine the nature and extent of cloud particles. 

furthermore, the probe’s payload of science instruments was to weigh no more 
than 30 kilograms (66 pounds).24

Most of the scientists on van allen’s JopswG team who advocated an atmo-
spheric entry probe either had served on the pioneer venus mission or had connections 
to it. not surprisingly, their instrumentation formed the basis for the probe’s straw-man 
payload design.25 

critical to the probe’s success was a method of analyzing the Jovian atmosphere’s 
chemical composition. in selecting the right instrument for this, weight considerations 
could never be forgotten, since the total probe payload weight could not exceed a very 

22	L.	 M.	 Hofland,	 E.	 J.	 Stofel,	 and	 R.	 K.	 Taenaka,	 “Galileo	 Probe	 Lithium–Sulfur	 Dioxide	 Cell	 Life	 Testing,”	 in	 IEEE 
Proceedings of the Eleventh Annual Battery Conference on Applications and Advances	(held	in	Long	Beach,	CA,	9–12	
January	1996),	pp.	9–14.

23	 “Galileo	Probe	To	Look	for	Secrets	of	Jupiter.”	

24	 T.	V.	Johnson,	C.	M.	Yeates,	and	R.	Young,	“Space	Science	Reviews	Volume	on	Galileo	Mission	Overview,”	Space	
Science Reviews	60	(1992):	7–8;	Galileo to Jupiter;	“Galileo	Project	Information,”	http://nssdc.gsfc.nasa.gov/planetary/
galileo.html	(accessed	15	March	2000);	Hofland,	Stofel,	and	Taenaka,	“Galileo	Probe	Lithium–Sulfur	Dioxide	Cell	Life	
Testing,”	p.	9;	“Galileo	Probe	To	Look	for	Secrets	of	Jupiter.”

25	 Johnson	e-mail	message.
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modest 66 pounds. The neutral mass spectrometer (nMs)26 was a tried-and-true instrument 
for analyzing neutral-particle atmospheric chemical compositions that had been flown on 
the pioneer venus and other missions. it also had a modest weight. The version flown on 
pioneer venus’s large atmospheric probe weighed 9 kilograms, or about 20 pounds.27 

another common instrument used for chemical analysis is the gas chromato-
graph (Gc).28 although Gcs and nMss were used by the pioneer venus mission, a gas 
chromatograph was not considered an adequate replacement for a mass spectrometer 
aboard the Galileo probe. according to Joel sperans, former probe project Manager, 
“you get more information with a mass spec than with a gas chromatograph.”29 The issue 
before JopswG was more “how massive and costly [the mass spectrometer] could afford 
to be,” rather than whether or not to use a mass spectrometer.30 what the JopswG team 
did consider was using a combination gas chromatograph–mass spectrometer (Gc/Ms), 
a very powerful analytical tool. But JopswG was “mindful that the viking [Mars] lander 
Gc/Ms at that time was the most expensive thing ever flown and had created huge pro-
grammatic problems for viking.”31 JopswG concluded that “while a Gc/Ms would be 
nice for Jupiter, it was not required to meet our minimum objectives and would probably 
prove to be too costly and massive to be affordable.”32 

nasa’s instrument-selection staff ended up agreeing with JopswG. following 
the Galileo announcement of opportunity, nasa chose a proposal from Goddard space 
flight center to build a basic mass spectrometer, “but with some clever additions of gas 
adsorption cells” that added Gc/Ms-like capabilities to the instrument.33

a critical question that the probe addressed was, how much helium did the 
Jovian atmosphere contain? precise measurements of helium quantities and of the ratio of 
hydrogen to helium would give important clues “as to the origins of the atmosphere and to 
the origins of the planet.” although neutral mass spectrometer data would shed some light 
on helium abundance, scientists planning the mission thought they could “use a little more 
horsepower” in addressing the helium question. They decided to add another instrument, a 
helium abundance detector (had), to enhance the probe’s helium analysis.34

other key measurements that the probe had to perform were of atmospheric 
temperature, pressure, density, and molecular weight as functions of depth. These para- 
meters were measured by sensors in the atmospheric structure instrument (asi). The 
parameter values also served as reference scales for other probe experiments and as 
critical constraints in computer models of atmospheric composition and dynamics. 

The probe’s nephelometer (nep) and nMs studied Jovian cloud particle states 
(liquid versus solid) and the composition, structure, and location of cloud layers, while 
the lightning and radio emissions detector (lrd) searched for any lightning activity in 
the clouds. sunlight penetrating into the atmosphere and infrared radiation upwelling 
from the planet were characterized using the probe’s net flux radiometer (nfr). 

one reason for adding a lightning detector to the suite of probe instruments was 
that voyager imagery and plasma wave data had indicated the possible existence of light-
ning phenomena in the Jovian atmosphere, and in situ measurements were needed to verify 
the phenomenon. in addition, scientists were interested in the planet’s radio-frequency 
emissions, which had been received for many years by stations on earth. some scientists 
thought that Jovian lightning could provide an energy source for these emissions.35

an energetic particles instrument (epi) was also added to the probe to study 
ionized magnetospheric particles from an altitude of 5 Jupiter radii down to the atmo-
sphere.36 a camera was not selected as a probe instrument. The biggest problem with 
including a camera would have been its data generation rate. digital pictures require a 
considerable amount of data, but the probe was only capable of transmitting data at the 
rate of 128 bits per second. The total quantity of data that the probe transmitted during 
its entire atmospheric descent was about one million bits, enough for only one or two 
images. according to charlie sobeck, who served as the probe deputy project Manager 
and systems engineering Manager, “we just didn’t have the data [transmission] rate to 
support a camera.”37 

characteristics of the probe’s instruments are summarized in table 5.1. note 
the wide range of institutions involved in managing the probe’s experiments. photos 
of probe instruments are included in figure 5.6. The findings obtained from the various 
probe instruments’ measurements are discussed in detail in chapter 8, “Jupiter approach 
and arrival.” 

Neutral Mass Spectrometer. The nMs was a quadrupole mass spectrometer, 
developed by Goddard space flight center in Maryland, that repeatedly measured 
chemical and isotope compositions of the gases in Jupiter’s atmosphere and recorded 
vertical variations in the compositions. The nMs weighed 27.8 pounds (12.6 kilograms) 
and drew only 29 watts of power (see table 5.1). at the time the instrument was built, it 
was considered to be very light and economical, although new generations of the nMs 
are even smaller and draw less power.38 

26	A	mass	spectrometer	 is	an	 instrument	 that	performs	chemical	analyses	by	converting	molecules	of	a	gas	sample	
into	 ions	and	then	separating	the	 ions	according	to	their	mass-to-charge	ratio.	The	combination	of	different	
masses	from	a	substance,	called	its	mass	spectrum,	provides	a	“fingerprint”	of	the	substance.	The	Probe	used	its	
mass	spectrometer	 to	 identify	 the	different	chemical	 constituents	of	 Jupiter’s	 atmosphere.	 “Mass	Spectrometer,”	
Microsoft® Encarta® Online Encyclopedia,	2001,	http://encarta.msn.com,	©	1997–2000	Microsoft	Corporation,	all	
rights	reserved.

27	 “Neutral	Particle	Mass	Spectrometer,”	National Space Science Data Center (NSSDC) Master Catalog: Experiment, 
http://nssdc.gsfc.nasa.gov/nmc/tmp/1978-078D-6.html (accessed	7	September	2000).

28	 The	 gas	 chromatograph	 is	 a	 device	 that	 performs	 chemical	 analysis	 by	 separating	 the	 volatile	 constituents	 of	 a	
substance.	“Gas	Chromatograph,”	Encarta World English Dictionary	(North	American	Edition),	http://dictionary.msn.
com/find/entry.asp?refid=1861694680,	©	and	(P)	2001	Microsoft	Corporation,	all	rights	reserved.

29	Joel	Sperans,	former	Probe	Project	Manager,	interview,	tape-recorded	telephone	conversation,	26	October	2001.	

30	Johnson	e-mail	message.

31	 Ibid.

32	 Ibid.

33	“The	Pioneer	Venus	Multiprobe,”	Pioneer Venus Project Information, http://nssdc.gsfc.nasa.gov/planetary/pioneer_
venus.html, 5 January 2001;	 Johnson	e-mail	message;	 “Probe	Mass	Spectrometer,”	Galileo Messenger	 (August	
1982):	2.

34	Joel	Sperans	interview.

35	“Galileo	 Project	 Information”;	 “Pioneer	 Venus	 Multiprobe”;	 “The	 Probe	 Science	 Instruments,”	 Galileo Messenger	
(September	1995).

36	“Probe	Instruments,”	in	Galileo Probe Background;	“Probe	Science	Instruments.”

37	 Charlie	Sobeck,	former	Probe	Deputy	Project	Manager	and	Systems	Engineering	Manager,	interview,	tape-recorded	
telephone	conversation,	26	October	2001.

38	Mass	and	power	data	were	supplied	by	Charlie	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	
Manager	at	the	conclusion	of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	
Report”	of	2	April	1984	and	Hughes	space	and	communications	group	instrument	fact	sheets.
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modest 66 pounds. The neutral mass spectrometer (nMs)26 was a tried-and-true instrument 
for analyzing neutral-particle atmospheric chemical compositions that had been flown on 
the pioneer venus and other missions. it also had a modest weight. The version flown on 
pioneer venus’s large atmospheric probe weighed 9 kilograms, or about 20 pounds.27 

another common instrument used for chemical analysis is the gas chromato-
graph (Gc).28 although Gcs and nMss were used by the pioneer venus mission, a gas 
chromatograph was not considered an adequate replacement for a mass spectrometer 
aboard the Galileo probe. according to Joel sperans, former probe project Manager, 
“you get more information with a mass spec than with a gas chromatograph.”29 The issue 
before JopswG was more “how massive and costly [the mass spectrometer] could afford 
to be,” rather than whether or not to use a mass spectrometer.30 what the JopswG team 
did consider was using a combination gas chromatograph–mass spectrometer (Gc/Ms), 
a very powerful analytical tool. But JopswG was “mindful that the viking [Mars] lander 
Gc/Ms at that time was the most expensive thing ever flown and had created huge pro-
grammatic problems for viking.”31 JopswG concluded that “while a Gc/Ms would be 
nice for Jupiter, it was not required to meet our minimum objectives and would probably 
prove to be too costly and massive to be affordable.”32 

nasa’s instrument-selection staff ended up agreeing with JopswG. following 
the Galileo announcement of opportunity, nasa chose a proposal from Goddard space 
flight center to build a basic mass spectrometer, “but with some clever additions of gas 
adsorption cells” that added Gc/Ms-like capabilities to the instrument.33

a critical question that the probe addressed was, how much helium did the 
Jovian atmosphere contain? precise measurements of helium quantities and of the ratio of 
hydrogen to helium would give important clues “as to the origins of the atmosphere and to 
the origins of the planet.” although neutral mass spectrometer data would shed some light 
on helium abundance, scientists planning the mission thought they could “use a little more 
horsepower” in addressing the helium question. They decided to add another instrument, a 
helium abundance detector (had), to enhance the probe’s helium analysis.34

other key measurements that the probe had to perform were of atmospheric 
temperature, pressure, density, and molecular weight as functions of depth. These para- 
meters were measured by sensors in the atmospheric structure instrument (asi). The 
parameter values also served as reference scales for other probe experiments and as 
critical constraints in computer models of atmospheric composition and dynamics. 

The probe’s nephelometer (nep) and nMs studied Jovian cloud particle states 
(liquid versus solid) and the composition, structure, and location of cloud layers, while 
the lightning and radio emissions detector (lrd) searched for any lightning activity in 
the clouds. sunlight penetrating into the atmosphere and infrared radiation upwelling 
from the planet were characterized using the probe’s net flux radiometer (nfr). 

one reason for adding a lightning detector to the suite of probe instruments was 
that voyager imagery and plasma wave data had indicated the possible existence of light-
ning phenomena in the Jovian atmosphere, and in situ measurements were needed to verify 
the phenomenon. in addition, scientists were interested in the planet’s radio-frequency 
emissions, which had been received for many years by stations on earth. some scientists 
thought that Jovian lightning could provide an energy source for these emissions.35

an energetic particles instrument (epi) was also added to the probe to study 
ionized magnetospheric particles from an altitude of 5 Jupiter radii down to the atmo-
sphere.36 a camera was not selected as a probe instrument. The biggest problem with 
including a camera would have been its data generation rate. digital pictures require a 
considerable amount of data, but the probe was only capable of transmitting data at the 
rate of 128 bits per second. The total quantity of data that the probe transmitted during 
its entire atmospheric descent was about one million bits, enough for only one or two 
images. according to charlie sobeck, who served as the probe deputy project Manager 
and systems engineering Manager, “we just didn’t have the data [transmission] rate to 
support a camera.”37 

characteristics of the probe’s instruments are summarized in table 5.1. note 
the wide range of institutions involved in managing the probe’s experiments. photos 
of probe instruments are included in figure 5.6. The findings obtained from the various 
probe instruments’ measurements are discussed in detail in chapter 8, “Jupiter approach 
and arrival.” 

Neutral Mass Spectrometer. The nMs was a quadrupole mass spectrometer, 
developed by Goddard space flight center in Maryland, that repeatedly measured 
chemical and isotope compositions of the gases in Jupiter’s atmosphere and recorded 
vertical variations in the compositions. The nMs weighed 27.8 pounds (12.6 kilograms) 
and drew only 29 watts of power (see table 5.1). at the time the instrument was built, it 
was considered to be very light and economical, although new generations of the nMs 
are even smaller and draw less power.38 

26	A	mass	spectrometer	 is	an	 instrument	 that	performs	chemical	analyses	by	converting	molecules	of	a	gas	sample	
into	 ions	and	then	separating	the	 ions	according	to	their	mass-to-charge	ratio.	The	combination	of	different	
masses	from	a	substance,	called	its	mass	spectrum,	provides	a	“fingerprint”	of	the	substance.	The	Probe	used	its	
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38	Mass	and	power	data	were	supplied	by	Charlie	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	
Manager	at	the	conclusion	of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	
Report”	of	2	April	1984	and	Hughes	space	and	communications	group	instrument	fact	sheets.
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INSTRuMENT FuNCTION MASS IN 
kILOGRAMS 
(POuNDS)

POwER 
REquIREMENT 
IN wATTS

PRINCIPAL INvESTIGATOR(S) AND 
INSTITuTION(S)

Neutral	mass	
spectrometer	
(NMS)

Analyzed	gas	composition. 13		
(28)

29 Hasso	Niemann,		
NASA	Goddard	Space	
Flight	Center

Helium	abundance	
detector	(HAD)

Determined	atmospheric	
hydrogen/helium	ratios.

1.4	
(3.1)

1.1 Ulf	von	Zahn,	Bonn	
Universitat	&	Institut	fur	
Atmosparenphysik	an	
der	Universitat	Rostock

Atmospheric	
structure	
instrument	(ASI)

Recorded	temperature,	pressure,	
density,	and	molecular	weight.

4.1	
(8.9)

6.3 Alvin	Seiff,	NASA	
Ames	Research	Center	
and	San	Jose	State	
University	Foundation

Nephelometer	
(NEP)

Located	cloud	layers	and	
analyzed	characteristics	of	cloud	
particles.

4.8	
(11)

14 Boris	Ragent,	NASA	
Ames	Research	Center	
and	San	Jose	State	
University	Foundation

Lightning	and	
radio	emissions	
detector	(LRD)	and	
energetic	particles	
instrument	(EPI)

LRD	recorded	radio	bursts	and	
optical	flashes.	EPI	measured	
fluxes	of	protons,	electrons,	alpha	
particles,	and	heavy	ions	orbiting	
Jupiter’s	magnetosphere.

2.7	
(6.0)*

2.3** Louis	Lanzerotti,	Bell	
Laboratories,	University	
of	Florida,	and	Federal	
Republic	of	Germany

Net	flux	
radiometer	(NFR)

Determined	differences	between	
light	and	heat	being	radiated	
downward	versus	upward	at	
each	altitude.

3.0	
(6.7)

7.0 L.	Sromovsky,	
University	of	Wisconsin

Radio	equipment Besides	transmitting	data	up	to	
the	Orbiter,	the	Probe’s	radio	
equipment	served	double	duty	
as	an	aid	in	measuring	Jovian	
wind	speeds	and	atmospheric	
absorption.

David	Atkinson,	
University	of	Idaho

*	 Combined	mass	of	LRD	and	EPI.
**	 Combined	power	draw	of	LRD	and	EPI.

Data	sources:

1.	 Mass	 and	 power	 data	 supplied	 by	 Charlie	 Sobeck,	 NASA	 Ames	 Research	 Center	 Probe	 Systems	 Engineering	
Manager	at	the	conclusion	of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	
Report”	of	2	April	1984	and	Hughes	space	and	communications	group	instrument	fact	sheets.

2.		 “The	Atmosphere	Structure	Instrument,”	Galileo Messenger	(April	1981).

3.		 “The	Probe	Science	Instruments,”	Galileo Messenger	(September	1995).

4.		 “Probe	Mass	Spectrometer,”	Galileo Messenger	(August	1982).

5.		 “Net	Flux	Radiometer—Studying	the	Atmosphere,”	Galileo Messenger	(April	1987).

6.		 “Probe	Nephelometer,”	Galileo Messenger	(March	1983).

7.		 Ames	 Research	 Center,	 “Galileo Probe Background,”	 no	 date	 given.	 Copy	 available	 in	 folder	 11626,	 NASA	
Headquarters	Historical	Reference	Collection.	

 

Figure	5.6. Probe science instruments. (Adapted from JPL image number 230-900) 

a quadrupole mass spectrometer typically identifies gases by bombarding a 
neutral gas species with an electron beam to create ions. These ions are then passed 
through a four-pole “mass filter” that uses specific voltages between its poles to allow only 
ions of a certain mass-to-charge ratio to pass through the array and strike a detector. other 
ions are deflected away before they reach the detector. The voltages between poles of the 
mass filter are varied rapidly, so that the mass-to-charge ratios allowed to pass through 
to the detector are also constantly varying. an ion’s mass-to-charge ratio can be surmised 
from the time that the ion strikes the detector.39

a mass spectrometer is calibrated and programmed to record the mass and 
intensity of ions (that is, the rate at which ions hit the detector) for a wide range of atomic 
masses. The probe’s nMs measured all species with atomic masses from 1 through 52, 
as well as selected species of higher atomic masses, including krypton and xenon. in addi-
tion, the nMs also occasionally performed sweeps from 1 up to 150 atomic masses. The 
sampling range of the nMs was designed so that almost all of the Jovian atmospheric gases 
that entered the instrument could be analyzed. nMs measurements gave a cross section of 
Jovian atmospheric composition, and this aided greatly in understanding the dynamic pro-
cesses that created the planet’s multihued, complex cloud formations.40

NEPHELOMETER

NET FLUX RADIOMETER (NFR)

HELIUM ABUNDANCE DETECTOR (HAD)

ATMOSPHERIC STRUCTURE INSTRUMENT

LIGHTING AND RADIO EMISSION
DETECTOR/ENERGETIC PARTICLE INSTRUMENT (LRD/EPI)

Shelf
Periphery

Atmospheric
Gas Inlet

Electronic
Unit

Gas Inlet
Assembly

Sensor Unit

NEUTRAL MASS SPECTROMETER (NMS)

Table	5.1.	Atmospheric Probe instrumentation.

39	“Neutral	Mass	Spectrometer	(NMS),”	NSSDC Master Catalog: Experiment,	NSSDC	ID:1989-084E-3,	http://nssdc.gsfc.
nasa.gov/database/MasterCatalog?sc=1989-084E&ex=3	(accessed	8	August	2003);	Hugh	Gregg,	chemist	and	mass	
spectrometer	specialist,	Lawrence	Livermore	National	Laboratory,	CA,	 interview,	2001;	“Probe	Mass	Spectrometer,”	
Galileo Messenger	 (August	 1982),	 http://www.jpl.nasa.gov/galileo/messenger/oldmess/3Probe.html;	 Atmospheric	
Experiment	Branch	 in	 the	Laboratory	 for	Atmospheres	 at	NASA	Goddard	Space	Flight	Center,	 “Introduction	 to	 the	
Galileo	Mission,”	Introduction to the Branch Activities, http://webserver.gsfc.nasa.gov/ (accessed	8	August	2003).

40	“Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer”;	Gregg	interview.
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INSTRuMENT FuNCTION MASS IN 
kILOGRAMS 
(POuNDS)

POwER 
REquIREMENT 
IN wATTS

PRINCIPAL INvESTIGATOR(S) AND 
INSTITuTION(S)

Neutral	mass	
spectrometer	
(NMS)

Analyzed	gas	composition. 13		
(28)

29 Hasso	Niemann,		
NASA	Goddard	Space	
Flight	Center

Helium	abundance	
detector	(HAD)

Determined	atmospheric	
hydrogen/helium	ratios.

1.4	
(3.1)

1.1 Ulf	von	Zahn,	Bonn	
Universitat	&	Institut	fur	
Atmosparenphysik	an	
der	Universitat	Rostock

Atmospheric	
structure	
instrument	(ASI)

Recorded	temperature,	pressure,	
density,	and	molecular	weight.

4.1	
(8.9)

6.3 Alvin	Seiff,	NASA	
Ames	Research	Center	
and	San	Jose	State	
University	Foundation

Nephelometer	
(NEP)

Located	cloud	layers	and	
analyzed	characteristics	of	cloud	
particles.

4.8	
(11)

14 Boris	Ragent,	NASA	
Ames	Research	Center	
and	San	Jose	State	
University	Foundation

Lightning	and	
radio	emissions	
detector	(LRD)	and	
energetic	particles	
instrument	(EPI)

LRD	recorded	radio	bursts	and	
optical	flashes.	EPI	measured	
fluxes	of	protons,	electrons,	alpha	
particles,	and	heavy	ions	orbiting	
Jupiter’s	magnetosphere.

2.7	
(6.0)*

2.3** Louis	Lanzerotti,	Bell	
Laboratories,	University	
of	Florida,	and	Federal	
Republic	of	Germany

Net	flux	
radiometer	(NFR)

Determined	differences	between	
light	and	heat	being	radiated	
downward	versus	upward	at	
each	altitude.

3.0	
(6.7)

7.0 L.	Sromovsky,	
University	of	Wisconsin

Radio	equipment Besides	transmitting	data	up	to	
the	Orbiter,	the	Probe’s	radio	
equipment	served	double	duty	
as	an	aid	in	measuring	Jovian	
wind	speeds	and	atmospheric	
absorption.

David	Atkinson,	
University	of	Idaho

*	 Combined	mass	of	LRD	and	EPI.
**	 Combined	power	draw	of	LRD	and	EPI.

Data	sources:

1.	 Mass	 and	 power	 data	 supplied	 by	 Charlie	 Sobeck,	 NASA	 Ames	 Research	 Center	 Probe	 Systems	 Engineering	
Manager	at	the	conclusion	of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	
Report”	of	2	April	1984	and	Hughes	space	and	communications	group	instrument	fact	sheets.

2.		 “The	Atmosphere	Structure	Instrument,”	Galileo Messenger	(April	1981).

3.		 “The	Probe	Science	Instruments,”	Galileo Messenger	(September	1995).

4.		 “Probe	Mass	Spectrometer,”	Galileo Messenger	(August	1982).

5.		 “Net	Flux	Radiometer—Studying	the	Atmosphere,”	Galileo Messenger	(April	1987).

6.		 “Probe	Nephelometer,”	Galileo Messenger	(March	1983).

7.		 Ames	 Research	 Center,	 “Galileo Probe Background,”	 no	 date	 given.	 Copy	 available	 in	 folder	 11626,	 NASA	
Headquarters	Historical	Reference	Collection.	

 

Figure	5.6. Probe science instruments. (Adapted from JPL image number 230-900) 
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mass filter are varied rapidly, so that the mass-to-charge ratios allowed to pass through 
to the detector are also constantly varying. an ion’s mass-to-charge ratio can be surmised 
from the time that the ion strikes the detector.39

a mass spectrometer is calibrated and programmed to record the mass and 
intensity of ions (that is, the rate at which ions hit the detector) for a wide range of atomic 
masses. The probe’s nMs measured all species with atomic masses from 1 through 52, 
as well as selected species of higher atomic masses, including krypton and xenon. in addi-
tion, the nMs also occasionally performed sweeps from 1 up to 150 atomic masses. The 
sampling range of the nMs was designed so that almost all of the Jovian atmospheric gases 
that entered the instrument could be analyzed. nMs measurements gave a cross section of 
Jovian atmospheric composition, and this aided greatly in understanding the dynamic pro-
cesses that created the planet’s multihued, complex cloud formations.40
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39	“Neutral	Mass	Spectrometer	(NMS),”	NSSDC Master Catalog: Experiment,	NSSDC	ID:1989-084E-3,	http://nssdc.gsfc.
nasa.gov/database/MasterCatalog?sc=1989-084E&ex=3	(accessed	8	August	2003);	Hugh	Gregg,	chemist	and	mass	
spectrometer	specialist,	Lawrence	Livermore	National	Laboratory,	CA,	 interview,	2001;	“Probe	Mass	Spectrometer,”	
Galileo Messenger	 (August	 1982),	 http://www.jpl.nasa.gov/galileo/messenger/oldmess/3Probe.html;	 Atmospheric	
Experiment	Branch	 in	 the	Laboratory	 for	Atmospheres	 at	NASA	Goddard	Space	Flight	Center,	 “Introduction	 to	 the	
Galileo	Mission,”	Introduction to the Branch Activities, http://webserver.gsfc.nasa.gov/ (accessed	8	August	2003).

40	“Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer”;	Gregg	interview.



124 MISSION TO JUPITER: A HISTORy Of THE GAlIlEO PROJEcT  cHAPTER 5 I  THE GAlIlEO SPAcEcRAfT 125

Gases entered the nMs through two inlet ports at the probe’s apex. for the protection 
of the instrument, these ports remained sealed by metal-ceramic panels until after the probe 
entered Jupiter’s atmosphere, at which time pyrotechnic devices blew the panels away.41 

Jupiter’s atmosphere is starlike in composition, with hydrogen and helium com-
posing approximately 90 percent and 10 percent of it, respectively. The atmosphere also 
contains minor amounts of methane, water vapor, ammonia, hydrogen sulfide, acetylene, 
and ethane, as well as the inert gases neon, argon, krypton, and xenon. inert gases are so 
named because they do not generally combine with other elements to form compounds. 
They also do not settle out of a planetary atmosphere by liquefying or freezing, but 
remain suspended and in their gaseous state. Because of their stability, they are expected 
to occur in the same abundances as they did at the beginning of the solar system’s exis-
tence. Thus, their concentrations in the Jovian atmosphere give us information about our 
early planetary system. cosmic abundances of the inert gases krypton and xenon are not 
well known, and so measurements taken by the probe’s nMs instrument were especially 
important, for they offered the first opportunity to measure these elements in an undis-
turbed reservoir. results obtained were being used to calibrate a large amount of data on 
noble gas abundances on earth, the other inner planets, and meteorites.42

voyager’s discovery of Jovian lightning raised the possibility that organic com-
pounds exist on the planet. organic compounds, which are the basis of life on earth, can 
be formed when sparks arc across various mixtures of gases such as may be found on 
Jupiter. The probe’s neutral mass spectrometer analyzed the Jovian atmosphere closely for 
various organic compounds such as hydrogen cyanide and acetonitrile.43

Helium Abundance Detector. The had, which was developed at Bonn University 
in Germany, determined the abundance ratio of helium to hydrogen in Jupiter’s atmosphere 
at pressures from 3 to 8 bars. The ratio was also measured by the nMs, but accurate mea-
surements of this parameter were considered so important that the had, which was able 
to make the measurements with an uncertainty one-tenth that of nMs, was included in the 
probe as well. when the instruments for the probe were first chosen in 1977, the predomi-
nant scientific opinion was that Jupiter’s helium abundance was a relic of the distant past, 
in that it was the same as the helium abundance created during the Big Bang, and the same 
as that present in the solar nebula from which our sun and planets were formed. accurate 
measurements of Jupiter’s helium abundance would thus, it was believed, provide critical 
data on conditions at the instant of the universe’s creation.44 

The prevailing theories were called into question when voyager data from saturn 
and Uranus, as well as more detailed information about Jupiter and the sun, suggested 
that Jovian evolutionary processes could have altered the original helium abundance. 
had measurements are now seen as providing valuable clues about the origin and evolu-
tion of Jupiter itself.45

To make these measurements, the had used an optical sensor called a 
Jamin-Mascart two-arm interferometer, with an infrared light source. one arm of the 
interferometer was vented to Jupiter’s atmosphere, while the other arm was connected to 
a reference gas reservoir. The interferometer determined relative helium abundance by 
comparing the difference in refractive index between the atmosphere and the reference 
gas. (a medium’s index of refraction is calculated by dividing light waves’ speed through 
a vacuum by their speed through the medium.) when the light beam from the infrared 
source is split and directed through the gases in each of the interferometer’s arms, then 
merged back into one beam, an interference pattern of light and dark bands is formed. 
The particular pattern is dependent on the refractive index of the Jovian atmospheric gas, 
which is, in part, a function of the percentage of helium present. The had experimental 
apparatus was small compared to the nMs, weighing only 3.1 pounds (1.4 kilograms) and 
drawing only 1.1 watts of power (see table 5.1).46 

Atmospheric Structure Instrument. The asi, developed by san Jose state University 
foundation in california, measured physical properties of the atmosphere—temperature, 
pressure, density, and molecular weight—over an altitude range from about 1,000 kilo- 
meters (600 miles) above the cloud deck down to the atmospheric depth at which the probe 
ceased to operate, about 150 kilometers (90 miles). from the instrument’s measurements, 
probe altitude and velocity of descent were calculated and then used in other experiments’ 
calculations as well as in the asi experiment. Mission scientists were especially interested in 
the stability of the atmosphere and the levels at which various cloud layers occur. stability 
observations were important for determining whether the Jovian atmosphere was turning over 
(like earth’s lower atmosphere, the troposphere, does during a storm) or stagnantly layered 
(similar to earth’s stratosphere, or to the troposphere in regions of temperature inversions).47

 Nephelometer. The word nephele is Greek for cloud.48 The purpose of the 
probe’s nephelometer was to determine the physical structure of Jupiter’s clouds, includ-
ing cloud particle shapes, sizes, and concentrations, as well as locations of cloud layers. 
The shapes of the particles provided an indication of their state—solid (ice) or liquid.49 

Understanding the characteristics of Jupiter’s clouds is essential to understanding 
the planet’s energy balance. Jupiter is very different from earth. it is a giant planet, com-
posed almost completely of hydrogen and helium, and it resembles a star perhaps more 
than it does a terrestrial-type planet. like a star, Jupiter gives off more energy than it takes 
in. Jupiter radiates twice as much energy as it receives from the sun, and it is this internal 

41	 “Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer.”	

42	 “Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer.”

43	“Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer.”

44	“The	Probe	Science	Instruments,”	Galileo Messenger	(September	1995).

45	 Ibid.

46	“The	Probe	Instruments,”	in	Galileo Probe Background;	“Helium	Abundance	Detector	(HAD),”	NSSDC Master Catalog 
Display: Experiment, http://nssdc.gsfc.nasa.gov/cgi-bin/database/www-nmc?89-084E-01	 (accessed	 15	 March	
2000);	Charles	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	Manager,	at	the	conclusion	of	the	
Probe	project,	interview,	tape-recorded	telephone	conversation,	26	October	2001.	

47	 “Atmospheric	Structure	Instrument	(ASI),”	NSSDC Master Catalog Display: Experiment, http://nssdc.gsfc.nasa.gov/
cgi-bin/database/www-nmc?89-084E-02	 (accessed	 15	March	 2000);	 “The	Probe	 Instruments”;	 “The	Atmosphere	
Structure	Experiment,”	Galileo Messenger	(April	1981);	“Galileo	Probe	Mission	Events.”	Also,	mass	and	power	data	
supplied	by	Charlie	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	Manager,	at	the	conclusion	
of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	Report”	of	2	April	1984	and	
Hughes	space	and	communications	group	instrument	fact	sheets.

48	Webster’s New World Dictionary	 of the American Language—College Edition	 (Cleveland	 and	 New	 York:	 World	
Publishing	Company,	1962),	p.	984.

49	“Probe	Nephelometer,”	Galileo Messenger	(March	1983).
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entered Jupiter’s atmosphere, at which time pyrotechnic devices blew the panels away.41 
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posing approximately 90 percent and 10 percent of it, respectively. The atmosphere also 
contains minor amounts of methane, water vapor, ammonia, hydrogen sulfide, acetylene, 
and ethane, as well as the inert gases neon, argon, krypton, and xenon. inert gases are so 
named because they do not generally combine with other elements to form compounds. 
They also do not settle out of a planetary atmosphere by liquefying or freezing, but 
remain suspended and in their gaseous state. Because of their stability, they are expected 
to occur in the same abundances as they did at the beginning of the solar system’s exis-
tence. Thus, their concentrations in the Jovian atmosphere give us information about our 
early planetary system. cosmic abundances of the inert gases krypton and xenon are not 
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41	 “Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer.”	

42	 “Neutral	Mass	Spectrometer”;	“Probe	Mass	Spectrometer.”
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45	 Ibid.

46	“The	Probe	Instruments,”	in	Galileo Probe Background;	“Helium	Abundance	Detector	(HAD),”	NSSDC Master Catalog 
Display: Experiment, http://nssdc.gsfc.nasa.gov/cgi-bin/database/www-nmc?89-084E-01	 (accessed	 15	 March	
2000);	Charles	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	Manager,	at	the	conclusion	of	the	
Probe	project,	interview,	tape-recorded	telephone	conversation,	26	October	2001.	

47	 “Atmospheric	Structure	Instrument	(ASI),”	NSSDC Master Catalog Display: Experiment, http://nssdc.gsfc.nasa.gov/
cgi-bin/database/www-nmc?89-084E-02	 (accessed	 15	March	 2000);	 “The	Probe	 Instruments”;	 “The	Atmosphere	
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supplied	by	Charlie	Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	Manager,	at	the	conclusion	
of	the	Probe	project.	Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	Report”	of	2	April	1984	and	
Hughes	space	and	communications	group	instrument	fact	sheets.
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49	“Probe	Nephelometer,”	Galileo Messenger	(March	1983).
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heat that drives its complex weather patterns. Greater understanding of Jovian weather 
and of its cloud and atmospheric structure provides clues regarding Jupiter’s basic dynam-
ics and internal processes.50

as the spinning probe fell through the clouds, the nephelometer analyzed cloud 
particles by shining an infrared laser through them and measuring how the light beam 
scattered. cloud particle sizes were determined by the intensity of scattered light inter-
cepted by special sensing mirrors positioned at 5.8 degrees, 16 degrees, 40 degrees, 70 
degrees,. and 178 degrees off the direction of the laser beam.51 

The nephelometer weighed 11 pounds (4.8 kilograms) and operated on 14 watts. 
The san Jose state University foundation in california oversaw this experiment.52

lightning and Radio Emissions Detector. Jupiter was named for the roman god of 
the sky, who was said to have kept a stock of lightning bolts on hand. Before the voyager 1 
flyby of Jupiter, scientists hypothesized that Jovian lightning served as an energy source for 
the planet’s nonthermal radio emissions, which had been readily detected on earth. photos 
that voyager took of Jupiter’s night side appeared to show the existence of lightning, as 
did the craft’s plasma wave experiment, which detected “whistlers” (signals thought to be 
caused by electrical discharges propagating through the atmosphere). But to verify the 
existence of Jovian lightning and to delve deeper into its physical characteristics and under-
stand how it is generated, how frequently it occurs, and how intense it is, in situ rather than 
brief flyby measurements needed to be made. Galileo’s lrd was well suited to this task. it 
was built to take into account large uncertainties regarding the nature of Jovian lightning. it 
also had the capacity to carry out the second part of the experiment, the measurement of 
radio-frequency emissions and magnetic field characteristics near Jupiter.53 

The lrd was funded and built by the federal republic of Germany, one of 
several international partners on the Galileo project. The lrd consisted of two types 
of sensors: photodiodes to take optical observations and an antenna to make radio-fre-
quency (rf) and magnetic measurements. The lrd shared its electrical system with the 
energetic particles instrument (epi) described below.54

while Galileo sped through space on its way to Jupiter, the lrd experiment’s 
principal investigator, louis lanzerotti of Bell laboratories and the University of florida, 
and his team made numerous studies of lightning on earth in order to calibrate a duplicate 

lrd. doing so would help them better understand the data they would receive from 
Galileo, as well as aid in the ongoing interpretation of earth’s electrical phenomena.55

Energetic Particles Instrument. The goal of the epi experiment was to study fluxes 
of protons, electrons, alpha particles, and heavy ions orbiting in Jupiter’s magnetosphere 
at speeds of up to tens of thousands of miles per second. The epi was the only probe 
instrument to start recording data before the probe entered the Jovian atmosphere. The 
epi analyzed energies and angular distributions of charged particles at altitudes that ranged 
from 5 Jovian radii down to the top of the atmosphere. at 5 planetary radii, the study took 
place in the vicinity of a torus-shaped (donut-shaped) field of plasma that is thought to have 
originated from particles spewed out during the moon io’s frequent volcanic eruptions. 
This torus of plasma and the magnetic field associated with it corotate with Jupiter, which 
means that they travel four times faster than io and repeatedly overtake it.56

Between io and Jupiter, four tiny moons orbit. at about 2 Jovian radii is a dust 
ring, and scientists believe that this ring and the four small moons influence the energetic 
particle populations in the region, sweeping up particles in their paths. The probe’s epi 
experiment was the first to directly measure the region’s energetic particles, which travel 
at “relativistic” velocities (comparable to the speed of light). prior to Galileo, the only 
means of “seeing” into Jupiter’s inner magnetosphere was to observe electromagnetic 
radiation that the fast-moving charged particles emitted.57 

The epi instrument employed two silicon-disc particle detectors with a brass particle 
absorber inserted between them. These parts were contained in a cylindrical tungsten shield 
that was open in the front, admitting particles as a telescope admits light. The epi instrument 
was mounted under the aft heatshield of the probe, which meant that only particles with 
enough energy to pass through the heatshield (at least 2.6 million electron volts, or “Mev”) 
would be counted. The energies of the particles were further determined by the parts of 
the instrument that they were able to penetrate. for instance, a particle that struck only the 
first silicon detector disc had to pass through the probe’s heatshield but didn’t have enough 
energy to get through the brass absorber to the second detector. such a particle had to have 
at least 2.6, but not more than 7, Mev of energy. particles that could get through the brass 
absorber and hit the second silicon detector had energies of at least 7 Mev, and particles that 
could get through the tungsten shield had at least 20 Mev of energy.58

Net flux Radiometer. The nfr, whose operation was overseen by the University of 
wisconsin, measured heat and light energy, at different levels in the atmosphere, that was 
radiated both from below by Jupiter and from above by the sun. The nfr’s optical system 
performed upward and downward observations in order to determine the difference in 
energy emitted between Jupiter’s internal heat source and that coming from the sun (see 
figure 5.7). Because the probe was spinning and the sun was near the horizon, the nfr 
was also able to locate and measure the opacities of substantial cloud layers around the 
probe that scattered sunlight. note from figure 5.7 the sudden increase in solar net flux at 

50	 Ibid.

51	 Ibid.

52	 “Nephelometer,”	 NSSDC Master Catalog Display: Experiment, http://nssdc.gsfc.nasa.gov/cgi-bin/database/www-
nmc?89-084E-05	(accessed	15	March	2000);	“Probe	Nephelometer.”	Also,	mass	and	power	data	supplied	by	Charlie	
Sobeck,	NASA	Ames	Research	Center	Probe	Systems	Engineering	Manager,	at	the	conclusion	of	the	Probe	project.	
Sobeck’s	data	were	drawn	from	the	“Galileo	Probe	Mass	Properties	Report”	of	2	April	1984	and	the	Hughes	space	
and	communications	group	instrument	fact	sheets.
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56	“Probe	 Instruments,”	 in	Galileo Probe Background;	“Probe	Science	 Instruments”;	Ed	Tischler,	 former	experiments	
manager	for	Probe	instruments,	interview,	telephone	conversation,	26	October	2001.
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58	“Probe	Instruments.”
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heat that drives its complex weather patterns. Greater understanding of Jovian weather 
and of its cloud and atmospheric structure provides clues regarding Jupiter’s basic dynam-
ics and internal processes.50
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0.5 bar pressure, immediately followed by a sharp decrease at 0.6 bar. This phenomenon 
is thought to be caused by scattering from an ammonia ice cloud layer.59 

Radio-Science Experiment: Investigations Using Relay Radio Equipment. dave 
atkinson of the University of idaho oversaw the use of radio equipment on the probe 
and orbiter to carry out two analyses: doppler wind determination and atmospheric 
absorption. during the probe’s descent through the Jovian atmosphere, its position and 
velocity were partly functions of the planet’s 28,000-mph rotational speed and its massive 
gravity field. These effects could be predicted. But atmospheric winds also had a significant 
effect. To study this effect, the probe’s transmitter and antenna worked in conjunction 
with the orbiter’s probe relay radio hardware to conduct the doppler wind experiment. 
The probe’s transmitted frequencies were monitored during the entire descent by the 
orbiter, and their doppler shifts were noted.60 from the doppler shifts, mission scientists 
were able to reconstruct the probe’s trajectory during descent. after separating out the 
doppler shifts expected to be caused by gravitational and rotational forces, they were 
able to surmise the shifts caused by Jovian winds and develop a profile of those winds at 
the time of descent. These data gave them clues as to the forces behind Jupiter’s global 
circulation patterns. They also provided confirmation, or “ground truth,” for the wind 

speeds determined by the orbiter’s imaging team. The doppler wind experiment will 
help future researchers understand the dynamics, not only of Jupiter, but also of saturn, 
Uranus, and neptune, the other gas-giant planets.61

The atmospheric absorption experiment was also carried out using the radio 
signal from probe to orbiter. This signal was affected by density variations in the atmo-
sphere. in particular, electron densities in the planet’s ionosphere had a significant effect 
on the radio signal. atmospheric absorption of the signal’s energy was determined by 
comparing the probe’s transmitter output with the actual signal strength received by the 
orbiter. variation of atmospheric absorption with changes in the probe’s position pro-
vided data on atmospheric structure as well as ionospheric electron densities.62 

Orbiter Scientific Experiments

The orbiter’s tasks, after relaying data from probe to earth, were to conduct its own 
investigations of Jupiter’s atmosphere and magnetosphere and to perform repeated flybys 
of Jovian satellites, collecting a wide range of data. The mission’s announcement of 
opportunity listed these objectives for the orbiter’s scientific experiments:

• define the topology and dynamics of the outer magnetosphere, magne-
tosheath, and bow shock.

• describe the nature of magnetospheric particle emission.

• determine the distribution and stability of trapped radiation.

• study the magnetosphere-satellite interaction.

• determine the surface composition of the satellites.

• identify the physical state of the satellite surfaces and characterize their sur-
face morphology.

• Measure the satellite magnetic, gravitational, and thermal properties and 
thereby obtain their geophysical characteristics.

• study the satellite ionospheres and atmospheres, as well as the emission of gas.

• conduct a synoptic study of the Jovian atmosphere.63

59	 “Probe	 Instruments”;	 “Jupiter’s	 Net	 Fluxes,”	 http://spaceprojects.arc.nasa.gov/Space_Projects/galileo_probe/
htmls/NFR_results.html	(accessed	19	October	2004),	available	in	folder	18522,	NASA	Historical	Reference	Collection,	
Washington,	DC.	

60	These	are	the	shifts	in	frequency	due	to	changes	in	velocity.	They	are	similar	to	the	changes	in	pitch	one	hears	in	an	
ambulance	siren	as	it	approaches,	rushes	past,	and	speeds	away.

61	 “Probe	Instruments.”	

62	 Ibid.

63	“Announcement	of	Opportunity	 for	Outer-Planets	Orbiter/Probe	 (Jupiter).”	A	synoptic	climate	analysis	attempts	 to	
characterize	an	entire	weather	situation	that	exists	in	a	given	area	at	a	given	time,	and	involves	meteorological	analysis	
over	a	 large	 region	of	 the	atmosphere,	of	a	scale	 typically	 in	excess	of	2,000	kilometers.	See	Synoptic	Climatology	
Laboratory,	Department	of	Geography,	University	of	Delaware,	March	2003,	http://www.udel.edu/SynClim/;	University	
Corporation	 for	Atmospheric	Research,	National	Center	 for	Atmospheric	Research,	 “Definition	of	 the	Mesoscale,”	
MetEd Meteorology and Training,	31	July	2003,	http://meted.ucar.edu/mesoprim/mesodefn/print.htm.

Figure	 5.7. Jupiter’s net radiation fluxes. The net flux radiometer experiment measured the 

difference between upward and downward energy flow (“net flux”) at the wavelengths of visible 

sunlight, as well as at the wavelengths of thermal infrared radiation, as a function of depth in 

Jupiter’s atmosphere. The sudden rise in solar net flux followed by an abrupt dropoff is probably 

caused by an ammonia ice cloud layer. (NASA Ames photo number ACD96-0313-6)
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To meet these objectives, the orbiter had to visit different parts of Jupiter’s mag-
netosphere, view the parent planet from many different angles, and fly by some of its 
satellites. This required that the spacecraft’s trajectory “be adjusted from time-to-time by 
powered maneuvers and by satellite flybys (involving gravity assists) in order to optimize 
observing conditions for diverse scientific purposes.”64 in their review of the Galileo mis-
sion plan, Johnson, yeates, and young compared the probe’s and orbiter’s tasks by saying 
that “while the probe’s success is keyed to its ability to penetrate the Jovian atmosphere, 
the orbiter’s success depends on its unique trajectory, which provides for unprecedented 
new measurements.”65 

The instruments chosen to meet the orbiter’s objectives had to be of several 
types. some had to assess magnetic and electric fields, others needed to character-
ize particles of various energy levels, and those in a third group were to investigate 
Jovian satellites remotely. figure 5.8 depicts the science instruments used for these ends. 
instruments designed to take fields-and-particles data were mounted on the orbiter’s 
spun section, where they swept through and measured the surrounding environment 
in all directions as the spacecraft flew through it. The orbiter’s spun section carried 
not only these instruments, but also Galileo’s power supply, propulsion module, most 
of its computers and control electronics, its high-gain antenna, and one of its low-gain 
antennas. instruments that remotely sensed satellite and planetary characteristics and that 
required stable, high-accuracy pointing were mounted on the orbiter’s despun section.66 

	

Figure	5.8. The Galileo Orbiter. Fields-and-particles instruments were mounted on the spun 

section (including the long science boom); remote sensing experiments were mounted on 

the Orbiter’s stable despun section (at the bottom of the spacecraft drawing). (Adapted from 

JPL image number P-31284) 

Instruments Designed To Measure fields and Particles

The orbiter required instruments that could measure the Jovian magnetosphere’s magnetic 
fields, as well as its electromagnetic and electrostatic wave characteristics over a range of 
frequencies. The instruments also needed to investigate the magnetic fields of Jupiter’s 
satellites. furthermore, the orbiter needed equipment to characterize the energies, angular 
distributions, and compositions of the particles that the magnetosphere contained. Mission 
planners had a good idea of what instruments would best accomplish these goals because 
similar experiments to those that Galileo performed had been conducted on the earlier 
Jupiter flybys of pioneer and voyager spacecraft, as well as on missions that had orbited 
earth. These other missions had used magnetometers to characterize magnetic fields; parti-
cle detectors, plasma analyzers, and other instruments to study charged- and neutral-particle 
populations; and a plasma wave system to investigate wave phenomena. on-board com-
munications equipment also had been utilized for radio-science experiments that helped 
determine satellite and atmospheric properties. according to Torrence Johnson, “The only 
major [Galileo] proposal issues were which universities and labs could produce the best 
instruments at the lowest cost and mass. Groups with instruments already on other missions 
usually have an advantage in this area, of course.”67 Table 5.2 lists the fields-and-particles 
instruments selected for the orbiter and the organizations that supplied them. 

Table	5.2. Orbiter fields-and-particles instruments.

INSTRuMENT FuNCTION MASS IN kILOGRAMS 

(POuNDS)

POwER DRAw 

IN wATTS

PRINCIPAL INvESTIGATOR(S) 

AND INSTITuTION(S)

Dust	detection	
system	(DDS)

Measured	mass	and	speed	of	
small	Jovian	dust	particles	and	
studied	the	distribution	of	inter-
planetary	dust.

4.1	(9.0) 1.8 Eberhard	Grun,	
Max	Planck	
Institut	fur	
Kernphysik,	
Heidelberg,	
Germany

Energetic	par-
ticles	detector	
(EPD)

Determined	angular	distribu-
tions,	temporal	fluctuations,	
intensities,	and	compositions	
of	energetic	charged	particles	
in	Jupiter’s	magnetosphere	
and	investigated	the	processes	
responsible	for	replenishing	
particles	that	escape	into	inter-
planetary	space.	

10	(23) 6 D.	J.	Williams,	
Johns	Hopkins	
University

Magnetometer	
(MAG)

Measured	magnetic	fields	of	
Jupiter’s	magnetosphere	and	
satellites.	Characterized	inter-
planetary	magnetic	fields	and	
those	of	asteroids.

7	(15) 4 Margaret	
Kivelson,	UCLA

PLASMA WAVE SEARCH COIL SENSOR

HIGH GAIN ANTENNA
(EARTHCOMMUNICATIONS
AND RADIO SCIENCE)

RADIOSOTOPE THERMOELECTRIC
GENERATOR

SPUN SECTION
ENERGETIC PARTICLES DETECTOR

PLASMA SCIENCE

SUN SHIELDS

DUST DETECTOR

SOLID STATE IMAGING

DESPUN SECTION

ULTRAVIOLET SPECTROMETER

PROBE RELAY
ANTENNA

RETROPROPULSION
MODULE

RADIOISOTOPE
THERMOELECTRIC
GENERATOR

PLASMA WAVE
E-FIELD SENSOR

PHOTOPOLARIMETER
RADIOMETER

NEAR INFRARED
MAPPING SPECTROMETER

MAGNETOMETER
SENSOR

64	“Announcement	of	Opportunity	for	Outer-Planets	Orbiter/Probe	(Jupiter).”

65	Johnson	et	al.,	pp.	19–20.

66	 Ibid.,	pp.	12–13.

67	Johnson	 et	 al.,	 pp.	 12,	 19–20;	 Johnson	 e-mail;	 “Pioneer	 10,”	 NSSDC Master Catalog: Spacecraft, last	 updated 28	
February	2003, http://nssdc.gsfc.nasa.gov/nmc/tmp/1972-012A.html;	“Pioneer	11,”	NSSDC Master Catalog: Spacecraft,	
last	 updated	 7	 September	 2000,	 http://nssdc.gsfc.nasa.gov/nmc/tmp/1973-019A.html;	 “Voyager	 Project	 Information,”	
NSSDC: Planetary Sciences,	version	2.4,	20	May	2003,	http://nssdc.gsfc.nasa.gov/planetary/voyager.html.
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66	 Ibid.,	pp.	12–13.

67	Johnson	 et	 al.,	 pp.	 12,	 19–20;	 Johnson	 e-mail;	 “Pioneer	 10,”	 NSSDC Master Catalog: Spacecraft, last	 updated 28	
February	2003, http://nssdc.gsfc.nasa.gov/nmc/tmp/1972-012A.html;	“Pioneer	11,”	NSSDC Master Catalog: Spacecraft,	
last	 updated	 7	 September	 2000,	 http://nssdc.gsfc.nasa.gov/nmc/tmp/1973-019A.html;	 “Voyager	 Project	 Information,”	
NSSDC: Planetary Sciences,	version	2.4,	20	May	2003,	http://nssdc.gsfc.nasa.gov/planetary/voyager.html.
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INSTRuMENT FuNCTION MASS IN kILOGRAMS 

(POuNDS)

POwER DRAw 

IN wATTS

PRINCIPAL INvESTIGATOR(S) 

AND INSTITuTION(S)

Plasma	subsys-
tem	(PLS)

Measured	densities,	tempera-
tures,	bulk	velocities,	and	com-
position	of	low-energy	plasmas	
(1.2	electron	volts,	or	eV,	to	50	
keV),	which	make	up	the	bulk	of	
Io’s	plasma	torus.

13	(29) 11 Lou	Frank,	
University	of	Iowa

Plasma	wave	
subsystem	
(PWS)

Determined	intensities	of	plasma	
waves	in	Jovian	magnetosphere,	
as	well	as	radio	waves	emitted	
by	Jupiter,	Earth,	and	the	Sun.

7	(16) 10	 Donald	Gurnett,	
University	of	Iowa

Radio	science Employed	the	Orbiter’s	radio	
telecommunication	subsystem	
and	Earth-based	instruments	to	
perform	celestial	mechanics	and	
relativity	experiments,	as	well	as	
atmospheric	studies.

John	Anderson,	
JPL,	and	H.	
Taylor	Howard,	
Stanford	
University

Sources:

1.	 “Galileo’s	 Science	 Instruments,”	 Galileo Home Page,	 http://www.jpl.nasa.gov/galileo/instruments/index.html	
(accessed	19	February	2001).	

2.	 “Galileo	Magnetometer	Project	Overview,”	Galileo Magnetometer Team’s Homepage,	 Institute	of	Geophysics	and	
Planetary	Physics,	UCLA,	http://www.igpp.ucla.edu/galileo/framego.htm	(accessed	2	January	2001).

3.	“Dust	Detection	Experiment,”	Galileo Messenger	(December	1983).	

4.	 “PLS—Plasma	 Subsystem,”	 Galileo’s Science Instruments,	 Galileo Home Page,	 http://www.jpl.nasa.gov/galileo/
instruments/pls.html>,	accessed	15	March	2000.

5.	 “PWS—Plasma	 Wave	 Subsystem,”	 Galileo’s Science Instruments,	 Galileo Home Page,	 http://www.jpl.nasa.gov/
galileo/instruments/pws.html	(accessed	15	March	2000);	“Plasma	Wave	Investigation,”	Galileo Messenger	(July	1986).

6.	“Energetic	Particle	Detector	(EPD),”	Galileo Messenger	(February	1986).

Dust Detection System. The exquisite ring system surrounding saturn has been 
seen by millions of people on earth—many looking through fairly modest telescopes. 
Uranus’s rings have been viewed by far fewer people, although they too can be seen 
using more sophisticated earth-based instruments. in contrast, Jupiter’s rings are too faint 
to spot with a telescope sitting on earth. Their discovery, in fact, came from one fortuitous 
photograph taken by voyager 1, in which the sun happened to backlight the ring’s par-
ticles in just the right way for voyager’s cameras to pick them up. Jupiter’s tenuous ring 
system is believed to be composed entirely of dust particles, making them quite different 
from saturn’s rings, where constituents range from dust-size to the size of a house.68 

orbiter’s dust detection system (dds) was designed to measure the motions of 
dust streams near Jupiter, as well as electrical charges on the larger particles. The dds 
could analyze as many as 100 dust impacts per second. These measurements cast light on 
the particles’ sources and transport mechanisms and on how dust streams interact with 
plasmas. observations of Jupiter’s electrostatically charged dust were of particular inter-
est. scientists wanted to determine whether charges on dust particles led to particular ring 
structures, such as the radial spoke features that have been observed in saturn’s rings. The 

theory was that fine, charged dust particles interact with a planet’s magnetic fields in such 
a way as to get forced out of the ring plane and leave voids in the rings.

scientists also wanted to study “fluffy” aggregates of small particles. if such aggre-
gates get strongly charged, mutually repulsive electrostatic forces can break them apart into 
small chunks, creating a swarm of micrometeoroids. such swarms have been observed in 
earth’s atmosphere by a detector on a highly eccentric orbit satellite (heos).69

The dds was a modified micrometeoroid detector that had been used successfully 
on the heos-2 satellite. as particles flew through the instrument’s entrance grid, they induced 
currents in it from which their charges were surmised. The particles then struck a gold target 
and were detected by the plasma (ionized gas) generated from the impact. an electric field 
separated the ions and electrons of this plasma by their charges and directed each stream 
toward separate amplifiers, which produced current pulses whose rise times were functions of 
the particles’ speeds and whose amplitudes were functions of both the particles’ masses and 
speeds. from pulse rise time and amplitude, particle mass and speed were determined.70

Energetic Particles Detector (EPD). Jupiter’s magnetosphere is the region in which 
the planet’s intense magnetic field and charged particles are confined by the solar wind 
(see figures 5.9a and b). a planet’s magnetosphere can be thought of as a “bubble” in the 
solar wind. charged particles in the Jovian magnetosphere have so much kinetic energy 
that radiation damage to the orbiter was of great concern to project engineers—after 
all, the spacecraft would have to operate in the area for years. These energetic particles 
continuously escape into interplanetary space but are quickly replaced with new particles. 
one of the epd’s main objectives was to study how this replacement occurred; the other 
was to analyze the dynamics of the Jovian magnetosphere.

	

Figure	5.9a. Jupiter’s magnetosphere, a region of intense magnetic fields and rapidly moving 

charged particles. The small black circle at the center shows the relative size of Jupiter. Also 

depicted are lines of Jupiter’s magnetic field. (Adapted from JPL image number PIA-03476)

68	“Dust	Detection	Experiment,”	Galileo Messenger	(December	1983).

69	Ibid.;	 “Heos	2,”	NSSDC Master Catalog: Spacecraft,	NSSDC	 ID:1972-005A,	17	May	2000,	http://nssdc.gsfc.nasa.
gov/database/MasterCatalog?sc=1972-005A.

70	 “Dust	Detection	Experiment.”

Table	5.2. Orbiter fields-and-particles instruments.	(continued)
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system is believed to be composed entirely of dust particles, making them quite different 
from saturn’s rings, where constituents range from dust-size to the size of a house.68 

orbiter’s dust detection system (dds) was designed to measure the motions of 
dust streams near Jupiter, as well as electrical charges on the larger particles. The dds 
could analyze as many as 100 dust impacts per second. These measurements cast light on 
the particles’ sources and transport mechanisms and on how dust streams interact with 
plasmas. observations of Jupiter’s electrostatically charged dust were of particular inter-
est. scientists wanted to determine whether charges on dust particles led to particular ring 
structures, such as the radial spoke features that have been observed in saturn’s rings. The 

theory was that fine, charged dust particles interact with a planet’s magnetic fields in such 
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The dds was a modified micrometeoroid detector that had been used successfully 
on the heos-2 satellite. as particles flew through the instrument’s entrance grid, they induced 
currents in it from which their charges were surmised. The particles then struck a gold target 
and were detected by the plasma (ionized gas) generated from the impact. an electric field 
separated the ions and electrons of this plasma by their charges and directed each stream 
toward separate amplifiers, which produced current pulses whose rise times were functions of 
the particles’ speeds and whose amplitudes were functions of both the particles’ masses and 
speeds. from pulse rise time and amplitude, particle mass and speed were determined.70
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the planet’s intense magnetic field and charged particles are confined by the solar wind 
(see figures 5.9a and b). a planet’s magnetosphere can be thought of as a “bubble” in the 
solar wind. charged particles in the Jovian magnetosphere have so much kinetic energy 
that radiation damage to the orbiter was of great concern to project engineers—after 
all, the spacecraft would have to operate in the area for years. These energetic particles 
continuously escape into interplanetary space but are quickly replaced with new particles. 
one of the epd’s main objectives was to study how this replacement occurred; the other 
was to analyze the dynamics of the Jovian magnetosphere.

	

Figure	5.9a. Jupiter’s magnetosphere, a region of intense magnetic fields and rapidly moving 

charged particles. The small black circle at the center shows the relative size of Jupiter. Also 
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Figure	5.9b. Parts of a planet’s magnetosphere.	Deflected solar-wind particles flow around 

a magnetosphere. Note the magnetosphere’s typically elongated, rather than spherical, 

shape. The planet’s bow shock is the interface between the region of space influenced by 

the planet’s magnetic field and the region of the undisturbed, interplanetary solar wind. 

(Figure drawn by NASA History Office from the web site http://www2.jpl.nasa.gov/galileo/

messenger/oldmess/Earth3.html)

 voyager’s observations identified three possible sources for energetic-particle 
replenishment: the sun, Jupiter’s ionosphere, and its moons. The sun’s energetic-particle 
streams and its solar wind were deemed the most likely source for the helium, carbon, 
nitrogen, oxygen, neon, magnesium, silicon, and iron-bearing particles detected in 
Jupiter’s outer magnetosphere. The satellite io and its plasma torus were suspected of 
furnishing the particles containing sulfur, sodium, and oxygen that had been seen closer 

Figure	5.10. The energetic particles detector (EPD) included two telescope systems: the low-

energy magnetospheric measurements system (LEMMS) and the composition measurement 

system. These determined particle charges, energies, and species. (JPL image no. 230-1027A) 

to the planet. Molecular-sized ions of the hydrogen isotope h
3 
were thought to have origi-

nated in Jupiter’s ionosphere. The relative contributions of these sources had been shown 
by voyager data to vary considerably over time, and so years of observations by Galileo 
would be crucial to obtaining an accurate picture of Jovian magnetospheric processes.71

The epd (figure 5.10) used magnetic deflection and various absorber materials 
to distinguish between incoming particle charges and types. The instrument consisted of 
two different telescope systems that together studied electrons with energies from 15,000 
electron volts (15 kev) to 11 million electron volts (11 Mev) and ions with energies from 
10 kev to 55 Mev. The epd was able to identify ion species that ranged from hydrogen 
to iron. it determined particle energy, composition, and location in the vicinity of Jupiter 
and its satellites, and it also generated a three-dimensional map of particle distribution. 
The epd principal investigator was from Johns hopkins University, although the science 
team for the instrument included staff from Germany’s Max planck institut fur aeronomie, 
the University of alaska, the University of Kansas, and Bell laboratories.72 

Magnetometer. within a magnetosphere, the magnetic field of the planet, rather 
than that of the solar wind, is dominant and controls the behavior of charged particles.73 
The size of a magnetosphere is related to the strength of the planet’s field. Jupiter has a 
very strong magnetic field and an enormous magnetosphere. The Jovian magnetosphere 
is the largest single object in the solar system, with an average diameter of about 9 million 
miles (15 million kilometers). if our eyes could see its magnetic fields, it would appear 
from earth to be larger than either our Moon or the sun. it would occupy 1.5 degrees of 
sky, compared to the sun’s 0.5 degrees of sky. and it would take up this space in our sky 
even though it is far more distant from earth—about 710 million kilometers (440 million 
miles)—than is the sun at 150 million kilometers (93 million miles).74

The mammoth scale of Jupiter’s magnetosphere arises from several factors. The 
solar wind which envelopes it has a low dynamic pressure at Jupiter’s distance from the 
sun, down by a factor of more than 25 from its pressure at earth. This is not surprising; the 
solar wind has hundreds of millions more miles to spread out and become increasingly 
diffuse as it streams outward through the solar system and eventually reaches Jupiter. 
Jupiter’s large size, with its radius 11 times that of earth, also contributes to the scale of 
its magnetosphere, as does its hefty magnetic moment (a measure of the strength and ori-
entation of a magnetic field), which is four orders of magnitude larger than that of earth. 
finally, the Jovian system fills its magnetosphere with a relatively dense plasma that is 
centrifugally accelerated by Jupiter’s rapid rotation and strong field. The result is that this 
plasma pushes outward and “inflates” the magnetosphere from within.75 

a planet’s magnetosphere is not actually shaped like a sphere. Jupiter’s magne-
tosphere resembles a giant wind sock, with its rounded head facing toward the sun (and 

71	 “Energetic	Particle	Detector	(EPD),”	Galileo Messenger	(February	1986).

72	 Ibid.;	“EPD—Energetic	Particles	Detector,”	Galileo’s Science Instruments, Galileo Home Page, http://www.jpl.nasa.
gov/galileo/instruments/epd.html	 (accessed	15	March	2000);	“Energetic	Particles	Detector	(EPD),”	NSSDC Master 
Catalog Display: Experiment,	 http://nssdc.gsfc.nasa.gov/cgi-bin/database/www-nmc?89-084B-06	 (accessed	 15	
March	2000).

73	 “Magnetometers,”	Galileo Messenger	(May	1982).

74	 Ibid.;	“Plasma	Investigation,”	Galileo Messenger	(September	1985).

75	 M.	G.	Kivelson,	K.	K.	Khurana,	J.	D.	Means,	C.	T.	Russell,	and	R.	C.	Snare,	“The	Galileo	Magnetic	Field	Investigation,”	
Space Science Reviews	60	(1992):	357–383.	
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the solar wind) and its long, flapping “magnetotail” stretched out away from the sun. The 
tail is so long that it may extend as far as saturn’s orbit, roughly 650 million kilometers 
(400 million miles) away from Jupiter. This is more than four times the distance from earth 
to the sun and nearly the distance from Jupiter to the sun. Galileo was able to travel only 
about 11 million kilometers (7 million miles) down the tail. 

The orbiter’s magnetometer investigated magnetic fields throughout Jupiter’s magneto-
sphere. pioneer and voyager missions also made observations of the Jovian magnetosphere’s size, 
shape, and structure as they flew by the planet, but they did not stay in the area long enough to 
record significant temporal changes. in its years of residence in the Jovian system, orbiter’s magne-
tometer was able to study the dynamic nature of the magnetosphere more thoroughly.76 

Jupiter’s four largest moons—io, europa, Ganymede, and callisto, the “Galilean” 
satellites that were discovered by the italian astronomer—all orbit within Jupiter’s magneto-
sphere. as Jupiter rotates, its magnetic field sets the charged particles in its magnetosphere in 
motion. These interact with the Galilean moons in ways that differ depending on how good 
an electrical conductor the moon is, how strong its magnetic field is, and whether it has an 
ionosphere. a focus of the orbiter’s tour through the Jovian system was to study relationships 
among the planet, its magnetospheric particles, and its satellites. 

The orbiter also characterized the electrical and magnetic properties of the satellites 
themselves. evidence of a strong magnetic field suggested that a satellite might have a molten, 
electrically conducting metallic core such as is found inside earth.77 

during Galileo’s long voyage to Jupiter, its magnetometer studied the fields of interplan-
etary space and the solar wind. one aspect of this study was to correlate changes in solar activity 
with long-term changes in the solar wind’s field at great distances from the sun. also observed 
were the interactions of the solar wind with venus, earth, and the asteroids Gaspra and ida.78

The magnetometer consisted of two clusters of three sensors each, mounted on 
the orbiter’s 11-meter (36-foot) science boom. The sensors had to be placed a distance 
away from the rest of the spacecraft in order to minimize the effect of magnetic fields 
generated by electronic circuitry in the orbiter and probe, which could be confused with 
magnetic fields from outside the craft. The cluster that measured the faint fields originat-
ing in the distant Jovian magnetotail, as well as from the solar wind, was located at the 
end of the 11-meter boom. The cluster designed to measure the much stronger fields of 
Jupiter’s inner magnetosphere, and also to provide redundancy with the other cluster’s 
measurements, was mounted about 7 meters down the boom from the spacecraft. (figure 
5.8 shows the two locations of the magnetometer sensor clusters.)79

procedures were also carried out during data processing to reduce the effects of 
spacecraft-generated fields. rotation of the spacecraft was used to distinguish between 
the natural magnetic fields that nasa wanted to measure and “engineering-induced” 
fields produced by and moving with the spacecraft. These latter fields were quantified and 
separated from the magnetospheric data before transmission to earth.80 

Galileo’s magnetometer system was designed by Ucla’s earth and space sciences 
department. The basic device that measured magnetic fields was called a ring-core sensor, 
manufactured by the naval surface weapons center in silver spring, Maryland. This 
sensor was chosen because of its proven stability and low noise.81 The magnetometer was 
calibrated in flight using a specially designed coil that generated a known magnetic field 
at a set frequency. This calibration enabled mission staff to eliminate the effects of yet 
another source of error in measurement—the bending and twisting of the long boom on 
which the magnetometer was mounted. These deformations altered the magnetometer’s 
orientation, and a calibration scheme was needed in order to determine its orientation 
accurately at any given time.82 

Plasma Subsystem. a plasma is a collection of charged particles, usually made up 
of about equal numbers of ions and electrons. in some respects, plasmas act like gases. 
But unlike gases, they are good electrical conductors and are affected by magnetic fields. 
plasmas are the most common form of matter, making up more than 99 percent of the 
visible universe.83

Galileo’s pls measured the composition, energy, temperature, motion, and 
three-dimensional distribution of low-energy plasma ions passing by the spacecraft. its 
objectives were to 1) determine the sources of magnetospheric plasma; 2) investigate the 
plasma’s interaction with Jupiter’s moons; 3) analyze the plasma’s role in generating ener-
getic charged particles; 4) determine the nature of a sheet of current in Jupiter’s equatorial 
plane; and 5) evaluate the effects that rotational forces, electric currents aligned with mag-
netic fields, and other phenomena have on Jovian magnetospheric dynamics.84 

observations by the pioneer and voyager flybys had shown Jupiter’s magne-
tosphere to be an enormous reservoir of charged particles. Galileo added to the data 
collected by these missions but had the advantage of spending years, rather than weeks, 
in the vicinity of Jupiter. Galileo’s pls was also far more advanced than the instruments 
of the other spacecraft. The Galileo pls had the ability to identify chemical compositions 
of ion populations in Jupiter’s magnetosphere.

Galileo’s plasma instrument used two electrostatic analyzers to measure the 
energy per unit charge for electrons and positive ions (see figure 5.11). These analyzers 
also measured the particles’ directions of flow. in addition, three miniature mass 
spectrometers measured the mass per unit charge of the plasmas’ positive ions, which 
allowed identification of ions’ species.85

Plasma Wave Subsystem. plasma waves are oscillations that involve both the 
charged particles of a plasma and the electric and magnetic fields associated with the 
plasma. There are two basic types of plasma waves: electrostatic waves, which resemble 
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Jupiter’s inner magnetosphere, and also to provide redundancy with the other cluster’s 
measurements, was mounted about 7 meters down the boom from the spacecraft. (figure 
5.8 shows the two locations of the magnetometer sensor clusters.)79
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separated from the magnetospheric data before transmission to earth.80 
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at a set frequency. This calibration enabled mission staff to eliminate the effects of yet 
another source of error in measurement—the bending and twisting of the long boom on 
which the magnetometer was mounted. These deformations altered the magnetometer’s 
orientation, and a calibration scheme was needed in order to determine its orientation 
accurately at any given time.82 
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of about equal numbers of ions and electrons. in some respects, plasmas act like gases. 
But unlike gases, they are good electrical conductors and are affected by magnetic fields. 
plasmas are the most common form of matter, making up more than 99 percent of the 
visible universe.83

Galileo’s pls measured the composition, energy, temperature, motion, and 
three-dimensional distribution of low-energy plasma ions passing by the spacecraft. its 
objectives were to 1) determine the sources of magnetospheric plasma; 2) investigate the 
plasma’s interaction with Jupiter’s moons; 3) analyze the plasma’s role in generating ener-
getic charged particles; 4) determine the nature of a sheet of current in Jupiter’s equatorial 
plane; and 5) evaluate the effects that rotational forces, electric currents aligned with mag-
netic fields, and other phenomena have on Jovian magnetospheric dynamics.84 
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tosphere to be an enormous reservoir of charged particles. Galileo added to the data 
collected by these missions but had the advantage of spending years, rather than weeks, 
in the vicinity of Jupiter. Galileo’s pls was also far more advanced than the instruments 
of the other spacecraft. The Galileo pls had the ability to identify chemical compositions 
of ion populations in Jupiter’s magnetosphere.

Galileo’s plasma instrument used two electrostatic analyzers to measure the 
energy per unit charge for electrons and positive ions (see figure 5.11). These analyzers 
also measured the particles’ directions of flow. in addition, three miniature mass 
spectrometers measured the mass per unit charge of the plasmas’ positive ions, which 
allowed identification of ions’ species.85

Plasma Wave Subsystem. plasma waves are oscillations that involve both the 
charged particles of a plasma and the electric and magnetic fields associated with the 
plasma. There are two basic types of plasma waves: electrostatic waves, which resemble 

76	 “Magnetometers.”

77	 Ibid.

78	 Ibid.;	 “Magnetometer	 (MAG),”	 NSSDC Master Catalog Display: Experiment, http://nssdc.gsfc.nasa.gov/cgi-bin/
database/www-nmc?89-084B-03	(accessed	15	March	2000).

79	 “Magnetometers”;	“Magnetometer	(MAG).”

80	 “Magnetometers”;	“MAG—Magnetometer,”	Galileo’s Science Instruments, http://www.jpl.nasa.gov/galileo/instruments/
epd.html	(accessed	24	January	2000).	

81	 “Magnetometers”;	“Galileo	Magnetic	Field	Investigation”;	“MAG—Magnetometer.”

82	“MAG—Magnetometer.”

83	“Perspectives	 on	 Plasmas—Basics,”	 Plasmas International,	 1999,	 http://www.plasmas.org/basics.htm;	 “What	 Is	
Plasma?”	 Coalition	 for	 Plasma	 Science,	 2000,	 http://www.plasmacoalition.org/what.htm;	 “Plasma	 Investigation,”	
Galileo Messenger	(September	1985).

84	“PLS—Plasma	 Subsystem,”	 Galileo’s Science Instruments,	 http://www.jpl.nasa.gov/galileo/instruments/pls.html	
(accessed	15	March	2000).

85	“Plasma	Investigation.”	



138 MISSION TO JUPITER: A HISTORy Of THE GAlIlEO PROJEcT  cHAPTER 5 I  THE GAlIlEO SPAcEcRAfT 139

sound waves, and electromagnetic waves, which are more similar to light waves. The 
pws was designed to analyze the properties of varying fields in these waves. The pws 
measured electric field oscillations in the plasma waves over frequencies ranging from 5 
hertz (cycles per second) to 5.6 megahertz, as well as magnetic field oscillations over the 
range of 5 hertz to 160 kilohertz. plasma electric fields were measured with an electric 
dipole antenna, a simple design often used on earth for radio reception. The magnetic 
fields were analyzed using two “search coil” magnetic antennas.86 

when voyager passed by Jupiter, it detected several kinds of plasma wave 
phenomena. The Galileo mission had a chance to study these phenomena in more detail 
and sought to understand how the waves were generated. The spacecraft made three-
dimensional measurements of the areas where the waves occurred, which included 
Jupiter’s equatorial plane and the plasma torus that encircles the planet and encloses the 
satellite io. Jupiter and its nearest moon, io, are strongly coupled in various ways that 
do not occur in our earth-Moon system. By studying Jovian plasma wave phenomena, 
Galileo was able to improve our understanding of this relationship between Jupiter and 
io. in particular, Galileo data shed light on how energy is transferred among io, the plasma 
torus, and Jupiter’s ionosphere. The rate of energy transfer is sizable—1012 watts of power 
flows from io to Jupiter. Galileo also collected data on the nature of certain Jovian polar 
auroras, which occur along magnetic field lines that pass through both the planet and io.87

Figure	5.11. The plasma subsystem measured energy and mass per unit charge of plasma 

particles and was able to identify particular chemical species.  

  as was mentioned above, all four of Jupiter’s Galilean satellites—io, europa, 
Ganymede, and callisto—lie within the planet’s magnetosphere. This situation gives the 
plasma within this magnetosphere the opportunity to interact with each of the Galilean 
moons. Jupiter’s rapid rotation and strong magnetic field serve to accelerate plasmas in 
the magnetosphere to great speeds. wakes and waves are formed as the plasma is swept 
past slower-moving satellites. factors that influence plasma-moon interactions include 
a moon’s size, magnetic moment, and surface properties, as well as the nature of its 
atmosphere (or lack of an atmosphere). The flow velocity and magnetic field strength 
of the plasma are also important. The data collected by Galileo’s pws were critical for 
understanding the complex interactions in the magnetospheric region.88 

Radio Science. Three separate radio-science experiments were planned for 
Galileo that used the orbiter’s radio equipment for functions other than communication 
with earth. The experiments were to study celestial mechanics, search for gravity 
waves, and measure radio-wave propagation characteristics. Unlike the mission’s other 
investigations, approximately 80 percent of the measuring equipment for radio-science 
experiments was located on earth, at our deep space network (dsn) stations, rather 
than on the spacecraft. This equipment included arrays of ultrasensitive antennas and 
receiving systems.89

The celestial mechanics studies sought to detect tiny changes in Galileo’s 
trajectory caused by gravitational fields. These trajectory changes could be measured by 
the small increments they caused in the frequency of the radio signal transmitted by the 
spacecraft and received on earth. The amount of frequency increment was dependent on 
the magnitude of the spacecraft’s velocity change. from the velocity changes caused by 
Galileo’s close passage to Jupiter or one of its satellites, scientists were able to determine 
details regarding the planet’s gravitational field and mass. also, features regarding the 
internal distribution of that mass could be surmised. for instance, were there distinct 
layers of rock and ice within a satellite, or was it homogeneous throughout? small 
increments in signal frequencies shed light on such issues. in addition, the data enabled 
Galileo scientists to determine more exactly the orbits of Jupiter and its satellites.90 

another radio-science experiment searched for gravitational waves. These are 
extremely faint perturbations in the interstellar medium caused by catastrophic events 
such as the collapse of a star. normally, there is a constant level of gravitational-wave 
energy in space. This is occasionally overwhelmed by some momentous stellar or galactic 
event, which generates very long-wavelength, low-frequency oscillations with periods of 
about 20 minutes. 

Gravity waves perturb electromagnetic radiation that they encounter, and it is 
this property that was used by Galileo to search for such waves. if two black holes were 
to collide, the event would generate gravitational waves rippling through interstellar 
space. These waves would eventually encounter and interfere with Galileo’s radio signal 
to earth, and receiving stations on earth would pick up low-frequency “pops” indicative 
of this interference. The Galileo mission presented a rare opportunity because the radio 
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sound waves, and electromagnetic waves, which are more similar to light waves. The 
pws was designed to analyze the properties of varying fields in these waves. The pws 
measured electric field oscillations in the plasma waves over frequencies ranging from 5 
hertz (cycles per second) to 5.6 megahertz, as well as magnetic field oscillations over the 
range of 5 hertz to 160 kilohertz. plasma electric fields were measured with an electric 
dipole antenna, a simple design often used on earth for radio reception. The magnetic 
fields were analyzed using two “search coil” magnetic antennas.86 

when voyager passed by Jupiter, it detected several kinds of plasma wave 
phenomena. The Galileo mission had a chance to study these phenomena in more detail 
and sought to understand how the waves were generated. The spacecraft made three-
dimensional measurements of the areas where the waves occurred, which included 
Jupiter’s equatorial plane and the plasma torus that encircles the planet and encloses the 
satellite io. Jupiter and its nearest moon, io, are strongly coupled in various ways that 
do not occur in our earth-Moon system. By studying Jovian plasma wave phenomena, 
Galileo was able to improve our understanding of this relationship between Jupiter and 
io. in particular, Galileo data shed light on how energy is transferred among io, the plasma 
torus, and Jupiter’s ionosphere. The rate of energy transfer is sizable—1012 watts of power 
flows from io to Jupiter. Galileo also collected data on the nature of certain Jovian polar 
auroras, which occur along magnetic field lines that pass through both the planet and io.87

Figure	5.11. The plasma subsystem measured energy and mass per unit charge of plasma 

particles and was able to identify particular chemical species.  

  as was mentioned above, all four of Jupiter’s Galilean satellites—io, europa, 
Ganymede, and callisto—lie within the planet’s magnetosphere. This situation gives the 
plasma within this magnetosphere the opportunity to interact with each of the Galilean 
moons. Jupiter’s rapid rotation and strong magnetic field serve to accelerate plasmas in 
the magnetosphere to great speeds. wakes and waves are formed as the plasma is swept 
past slower-moving satellites. factors that influence plasma-moon interactions include 
a moon’s size, magnetic moment, and surface properties, as well as the nature of its 
atmosphere (or lack of an atmosphere). The flow velocity and magnetic field strength 
of the plasma are also important. The data collected by Galileo’s pws were critical for 
understanding the complex interactions in the magnetospheric region.88 

Radio Science. Three separate radio-science experiments were planned for 
Galileo that used the orbiter’s radio equipment for functions other than communication 
with earth. The experiments were to study celestial mechanics, search for gravity 
waves, and measure radio-wave propagation characteristics. Unlike the mission’s other 
investigations, approximately 80 percent of the measuring equipment for radio-science 
experiments was located on earth, at our deep space network (dsn) stations, rather 
than on the spacecraft. This equipment included arrays of ultrasensitive antennas and 
receiving systems.89

The celestial mechanics studies sought to detect tiny changes in Galileo’s 
trajectory caused by gravitational fields. These trajectory changes could be measured by 
the small increments they caused in the frequency of the radio signal transmitted by the 
spacecraft and received on earth. The amount of frequency increment was dependent on 
the magnitude of the spacecraft’s velocity change. from the velocity changes caused by 
Galileo’s close passage to Jupiter or one of its satellites, scientists were able to determine 
details regarding the planet’s gravitational field and mass. also, features regarding the 
internal distribution of that mass could be surmised. for instance, were there distinct 
layers of rock and ice within a satellite, or was it homogeneous throughout? small 
increments in signal frequencies shed light on such issues. in addition, the data enabled 
Galileo scientists to determine more exactly the orbits of Jupiter and its satellites.90 

another radio-science experiment searched for gravitational waves. These are 
extremely faint perturbations in the interstellar medium caused by catastrophic events 
such as the collapse of a star. normally, there is a constant level of gravitational-wave 
energy in space. This is occasionally overwhelmed by some momentous stellar or galactic 
event, which generates very long-wavelength, low-frequency oscillations with periods of 
about 20 minutes. 

Gravity waves perturb electromagnetic radiation that they encounter, and it is 
this property that was used by Galileo to search for such waves. if two black holes were 
to collide, the event would generate gravitational waves rippling through interstellar 
space. These waves would eventually encounter and interfere with Galileo’s radio signal 
to earth, and receiving stations on earth would pick up low-frequency “pops” indicative 
of this interference. The Galileo mission presented a rare opportunity because the radio 
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signal stretching from spacecraft to earth constituted a gravitational-wave detector that was 
hundreds of millions of kilometers long. a detector of such enormous scale was critical 
for picking up gravity-wave phenomena. The detection of a gravity-wave signal could 
be confirmed by other spacecraft in the vicinity or by finding visual confirmation of the 
causal event using earth-based telescopes. it would take a very large event, however, to 
generate gravitational waves capable of detection. John anderson, Jpl’s team leader for the 
celestial mechanics experiment, estimated that the collapse of a star with a mass 10 million 
times larger than the sun might be necessary to produce a measurable phenomenon.91

Galileo’s radio-wave propagation studies measured the minute changes in 
frequency, power, time of flight to earth, and polarization of Galileo’s radio signals that 
resulted from their passages through the atmospheres and ionospheres of Jupiter and 
its satellites. atmospheres refract as well as scatter the radio signals that pass through 
them. The process of refraction bends and slows a radio signal, while scattering 
diffuses the electromagnetic waves of the signal. when the signal was received by a 
dsn station on earth, these modifications to the signal showed up as amplitude and 
frequency changes. analyses of the changes yielded Jovian system atmospheric 
information that included refractive indices and pressure and temperature profiles. 
ionospheric electron densities were also estimated from these measurements.92

Galileo conducted a radio-wave experiment that studied the solar corona. when 
Galileo was on the opposite side of the sun from earth, a radio signal sent by the 
spacecraft had to pass through the solar corona in order to reach dsn antennas. changes 
in the signal as it passed through the corona gave scientists data on its nature. 

another radio-science experiment was conducted with the aid of the probe. By 
monitoring its radio signal during its descent into the Jovian atmosphere, the Galileo team 
was able to collect information on wind-speed changes with respect to altitude and on the 
direction of heat flow—downward or upward—through the atmosphere.93

partially in preparation for radio transmissions from Galileo, nasa built several 
sensitive new antennas and receiving systems at its dsn sites. These were able to detect 
the faint signal from Galileo continuously, which the old equipment would have had 
trouble doing. By the time it reached earth, Galileo’s signal was so minuscule as to be 
over one billion times smaller than the sound of a transistor radio playing in new york—
as heard from los angeles. Moreover, the phenomena that the radio-science experiment 
observed were also minute. detecting these phenomena was comparable to measuring 
the distance from new york to los angeles with an error no greater than the diameter of 
a human hair.94 

Orbiter’s Remote Sensing Instruments

in order to satisfy the objectives stated in nasa’s announcement of opportunity for outer 
planets, the orbiter’s remote sensing instruments (see table 5.3) needed to determine 

Jovian satellite compositions and surface morphologies, as well as making observations 
of Jupiter’s atmospheric characteristics. central to these investigations was a means of 
capturing high-resolution optical images. as nasa had successfully done on many of its 
previous missions, it decided to keep control of the design and fabrication of the orbiter’s 
imaging system rather than soliciting proposals for its development. The agency instead 
solicited proposals from individual investigators who wanted to join the team that would 
use the imaging system. The selected investigator team did, however, get to refine the 
requirements for the imaging system’s color capability and some of its other features.95

The major instrument-selection issue with which nasa dealt for remote sensing 
experiments was what types of spectrometers were most appropriate to include on the 
mission. spectrometers analyze reflected and emitted light, both in visible and nonvisible 
(infrared and ultraviolet) parts of the spectrum. spectral data can give valuable information 
on the chemical compositions of planetary surface features and atmospheres. 

nasa considered developing an in-house spectrometer for the orbiter, as it was 
doing for the imaging system. nasa had in mind a variant of the spectrometer flown 
on voyager. This instrument, designed primarily to analyze atmospheric gases, had high 
resolution in the “far” infrared range (so named because its wavelengths were significantly 
longer than those of visible light). This part of the light spectrum was useful for studying 
thermal emissions, such as those from a planetary atmosphere.

The scientific community also made cases for ultraviolet and infrared reflection 
instruments. Those interested in satellite surface analysis thought that a reflection 
spectrometer operating in the near-infrared region (the section of the spectrum that 
begins with wavelengths just slightly longer than those of visible red light) was needed 
to achieve the announcement of opportunity’s objective to “determine the surface 
composition of the satellites.” Torrence Johnson remembers at least two proposals for 
a near-infrared instrument being submitted, one of which was from a team that he 
headed. his team’s concept for a near infrared mapping spectrometer (niMs) won 
out over other proposals and convinced nasa to develop it rather than supplying a 
voyager-type spectrometer for the mission.96, 97

The mission still needed a far-infrared instrument to study thermal emissions 
from the Jovian system. what nasa selected was a radiometer, an instrument that 
quantitatively measured electromagnetic radiation, and included it as one of the 
instruments in the photopolarimeter radiometer (ppr) experiment. The radiometer 
specialized in analyzing the intensity of radiant thermal energy, and that was very useful 
for “sounding” the atmosphere in several infrared bands of the spectrum, as well as 
for measuring temperatures of satellite surfaces. a radiometer did not have the strong 
chemical composition analysis capabilities that a spectrometer would have had, but 
nasa mission planners did not perceive such capabilities as necessary. nasa’s thinking 
was that the probe’s in situ compositional experiments would provide in-depth analyses 
of Jupiter’s atmospheric composition and that the niMs instrument would perform major 
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signal stretching from spacecraft to earth constituted a gravitational-wave detector that was 
hundreds of millions of kilometers long. a detector of such enormous scale was critical 
for picking up gravity-wave phenomena. The detection of a gravity-wave signal could 
be confirmed by other spacecraft in the vicinity or by finding visual confirmation of the 
causal event using earth-based telescopes. it would take a very large event, however, to 
generate gravitational waves capable of detection. John anderson, Jpl’s team leader for the 
celestial mechanics experiment, estimated that the collapse of a star with a mass 10 million 
times larger than the sun might be necessary to produce a measurable phenomenon.91
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92	 “Radio	Science,”	Galileo’s Science Instruments;	“Radio	Science,”	Galileo Messenger.

93	“Radio	Science,”	Galileo Messenger.	

94	 Ibid.
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96	Announcement	of	Opportunity;	Johnson	e-mail.

97	 Spectroscopy,	the	study	of	spectra,	 is	based	on	the	idea	that	each	chemical	substance	has	its	own	characteristic	
spectrum.	See	“Spectroscopy,”	Microsoft Encarta Online Encyclopedia,	2001,	http://encarta.msn.com.	Infrared	light	
consists	of	electromagnetic	waves	whose	wavelengths	are	too	long	for	the	human	eye	to	see,	whereas	ultraviolet	light	
has	wavelengths	to	short	to	be	detected	by	our	eyes.	See	“Infrared	Radiation”	and	“Ultraviolet	Radiation,”	both	 in	
Microsoft Encarta Online Encyclopedia,	2001,	http://encarta.msn.com.	
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compositional studies of the satellites. (niMs actually ended up supplying valuable 
atmospheric compositional information as well.)98

Mission planners also selected an ultraviolet spectrometer (Uvs) because 
of its capability for making measurements of Jupiter’s high atmosphere, analyzing  
the ionized gas regimes surrounding the planet, and determining whether the satellites 
have atmospheres.99 

Table	5.3. Orbiter remote sensing equipment.

INSTRuMENT FuNCTION MASS IN kILOGRAMS 

(POuNDS)

POwER DRAw 

IN wATTS

PRINCIPAL INvESTIGATOR(S) 

AND INSTITuTION(S)

Near	infrared	
mapping	
spectrometer	
(NIMS)

Determined	satellite	
chemical	compositions.	Also	
analyzed	Jovian	atmospheric	
compositions.

18	(40) 12 Robert	Carlson,	
JPL

Photopolarimeter	
Radiometer	
(PPR)

Measured	radiant	thermal	
energy	intensities.	Determined	
distribution	of	Jupiter’s	cloud	
and	haze	particles.	Analyzed	
Jupiter’s	energy	budget.

5	(11) 11 J.	E.	Hansen,	
Goddard	Institute	
for	Space	
Studies,	NY

Solid	state	
imaging	(SSI)	
camera	

Galileo’s	main	imaging	
device.	Especially	useful	for	
studying	satellite	geology.

30	(65) 15 Michael	Belton,	
National	Optical	
Astronomy	
Observatories

Ultraviolet	
spectrometer	
(UVS)

Located	cloud	layers	and	
analyzed	characteristics	of	
cloud	particles.	Analyzed	
Jupiter’s	high	atmosphere	
and	surrounding	ionized	gas	
regions.	Searched	for	satellite	
atmospheres.

4.2	(9.2) 4.5 C.	W.	Hord	and	
Ian	Stewart,	
University	of	
Colorado

Sources:

1.	 “Galileo’s	 Science	 Instruments,”	 Galileo Home Page,	 http://www.jpl.nasa.gov/galileo/instruments/index.html 
(accessed	19	February	2001).	

2.		Institute	 of	 Geophysics	 and	 Planetary	 Physics,	 UCLA,	 “Galileo	 Magnetometer	 Project	 Overview,”	 Galileo 
Magnetometer Team’s Homepage,	http://www.igpp.ucla.edu/galileo/framego.htm	(accessed	2	January	2001).

3.	“Ultraviolet	Spectrometer,”	Galileo Messenger	(June	1983).

4.	“The	PPR:	Finding	More	Than	Meets	the	Eye,”	Galileo Messenger	(August	1989).	

Near Infrared Mapping Spectrometer. niMs analyzed Jovian cloud strata and 
temporal and spatial atmospheric composition variations. it determined temperature 

versus pressure in the region between 1 and 5 bars of pressure. (as noted earlier, a 
bar is equal to earth’s atmospheric pressure at sea level.) niMs also tried to answer the 
question, what are the Jovian moons made of? niMs was able to recognize many common 
minerals, including silicates, nitrates, and carbonates. one product of the observations 
was a detailed geological map of each satellite. These data are expected to shed light on 
the processes governing solar system evolution.100 

Galileo’s niMs (figure 5.12) was a brand-new instrument that had never flown in 
space before. it was designed and built to be sensitive to the part of the electromagnetic 

Figure	5.12. NIMS was especially useful for studying gaseous chemical species and reflections 

from solid matter. The cone on the left was a radiative cooler. (JPL image 382-2165A)

spectrum that begins with the deepest red that we can see (whose wavelength is about 0.7 
micrometers) and then moves out of the visible to wavelengths as long as 5 micrometers. 
The near-infrared spectrum is quite useful for analyzing gaseous chemical species, as 
well as light reflected off solid matter. niMs was thus a powerful diagnostic tool for both 
Jupiter’s gaseous atmosphere and the solid surfaces of its satellites.101 

niMs’s main components were a telescope and a spectrometer. The telescope 
focused light on the spectrometer, which acted like a prism and divided the near-infrared 
component of the light up into individual wavelengths, or “colors.” Most were not, however, 
colors that our eyes could see—their wavelengths were too long. an array of detectors 
measured the intensity of light at each individual wavelength. The relative intensities of 
different wavelengths of light reflected or emitted from a particular material constitute 
a unique “signature” of that substance. large databases exist of characteristic spectral 

98	Johnson	 e-mail;	 NASA	 Earth	 Observatory,	 “Radiometer,”	 Glossary,	 http://earthobservatory.nasa.gov:81/Library/
glossary.php3?xref=radiometer	 (accessed	9	August	2003);	 “Radiometer,”	Microsoft Encarta Online Encyclopedia,	
2001,	http://encarta.msn.com.

99	Johnson	e-mail.	

100	“Near	Infrared	Mapping	Spectrometer,”	Galileo Messenger	(July	1981).

101	 Ibid.	
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signatures from many thousands of different materials. These were used to interpret the 
niMs data observed by Galileo and identify various constituents of the Jovian atmosphere 
and satellites. The overall amplitude of a signal received by niMs was also of use, for it 
gave an indication of the quantity of the substance present.102

niMs was built at Jpl, with scientists on the team from the United states, england, 
and france. Because warm surfaces in the instrument would have emitted infrared 
(thermal) radiation that might have interfered with infrared signals from the objects being 
observed, niMs’s detector array was lowered to a cryogenic temperature of 64 K (the 
equivalent of 64 celsius degrees above absolute zero) using a radiative cooler. This action 
minimized background infrared radiation.103

Photopolarimeter Radiometer. The ppr was designed to measure intensity and 
polarization of light and was used during the Galileo mission to determine the following:

• variations in intensity of reflected sunlight and emitted thermal radiation 
from both Jupiter and its satellites. 

• vertical and horizontal distribution of Jupiter’s cloud and haze particles, as 
well as their shapes, sizes, and refractive indices.

•    Jupiter’s energy budget.

•  The thermal structure of the Jovian atmosphere and the vertical distribution 
of absorbed solar energy within it.

• photometric, polarimetric, and radiometric properties of the Galilean moons 
(io, europa, Ganymede, and callisto).104 

The ppr (see figure 5.13) was an instrument system with several functions. its 
photometer measured the intensity of incoming light and used various colored filters to 
pass only light in the desired spectral band. The signal intensity that the ppr observed 
could be correlated with the abundance of a particular material present. of the seven 
bands of light that the photometer observed, one was in a region of the spectrum in 
which methane strongly absorbs light, and another was in a region where ammonia 
strongly absorbs light.105 

The ppr’s polarimetric measurements determined the polarization characteristics 
of reflected sunlight. polarization is the suppression of light-wave vibrations in certain 
directions, coupled with the allowance of light-wave vibrations in other directions (this is 
what polarized sunglasses do). polarization is also related to the times at which vibrations 

in different directions reach their maxima and minima. for instance, in a particular beam 
of light, vertical vibrations may be “in phase” with those in the horizontal direction, mean-
ing that they both reach their maxima at the same time. alternatively, vertical vibrations 
may peak a fraction of a cycle before or after horizontal ones. a “phase angle” describes 
the amount by which vibrations in one direction are out of phase with those in another.

Figure	5.13. Photopolarimeter radiometer. (Image number 23-1158A) 

To measure polarization, the ppr passed incoming light through a prism, which 
separated it into beams of vertically and horizontally polarized components. These beams 
were directed onto a pair of photodiode detectors, which measured the intensities of the 
two polarized components by converting their light into electric current.106

in the Jovian atmosphere, as in that of earth, cloud particles and atmospheric mol-
ecules play important roles in scattering and polarizing sunlight, as well as in determining the 
color of the atmosphere. on earth, the blue of the sky is caused by the scattering of the short-
wavelength blue components of white sunlight by particles suspended in the atmosphere. 
The scattering of these blue light waves is more pronounced than the scattering of waves 
with longer visible wavelengths, such as those of red light. This is why earth’s sky does not 
appear red. The scattering of light by Jupiter’s atmospheric molecules also favors the blue 
wavelengths, as well as the violet wavelengths. This type of frequency-dependent scattering 
by small particles is called rayleigh scattering; it occurs only when the atmospheric particles 
doing the scattering are very small compared to the wavelength of the light.107 

one of the ppr’s science goals was to measure the relative importance of rayleigh 
scattering in the Jovian atmosphere above cloud-top level, from which an estimate of the amount 
of gas in that region could be made, as well as identification of cloud-top height variations.

The ppr’s radiometry function was to measure thermal infrared emissions. The 
ppr observed in seven radiometry bands, which corresponded to different regions of the 
infrared spectrum that are absorbed, to varying extents, by the atmosphere. emissions in 102	 Ibid.

103	 	“Near	Infrared	Mapping	Spectrometer”;	“NIMS—Near	Infrared	Mapping	Spectrometer,”	Galileo’s Science Instruments,	
http://www.jpl.nasa.gov/galileo/instruments/nims.html	(accessed	3	January	2001).	

104	 	“Photopolarimeter-Radiometer	(PPR),”	NSSDC Master Catalog Display, Experiment, http://nssdc.gsfc.nasa.gov/cgi-
bin/database/www-nmc?89-084B-08	(accessed	15	March	2000).

105	 	“PPR—Photopolarimeter-Radiometer,”	Galileo’s	Science	Instruments,	http://www.jpl.nasa.gov/galileo/instruments/
ppr.html	(accessed	15	March	2000);	“The	PPR:	Finding	More	Than	Meets	the	Eye,”	Galileo Messenger	(August	1989).

106	 “The	PPR:	Finding	More	Than	Meets	the	Eye.”

107	 	Georgia	State	University,	“Rayleigh	Scattering,”	HyperPhysics	Web	site,	2000,	http://hyperphysics.phy-astr.gsu.edu/
hbase/atmos/blusky.html;	“Color,”	Microsoft Encarta Online Encyclopedia,	2001,	http://encarta.msn.com;	“Rayleigh	
Scattering,”	Encarta World English Dictionary	(North	American	Edition),	2001,	http://dictionary.msn.com/find/print.
asp?refid=1861727369&search=&wwi=8274;	“The	PPR:	Finding	More	Than	Meets	the	Eye.”	
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signatures from many thousands of different materials. These were used to interpret the 
niMs data observed by Galileo and identify various constituents of the Jovian atmosphere 
and satellites. The overall amplitude of a signal received by niMs was also of use, for it 
gave an indication of the quantity of the substance present.102

niMs was built at Jpl, with scientists on the team from the United states, england, 
and france. Because warm surfaces in the instrument would have emitted infrared 
(thermal) radiation that might have interfered with infrared signals from the objects being 
observed, niMs’s detector array was lowered to a cryogenic temperature of 64 K (the 
equivalent of 64 celsius degrees above absolute zero) using a radiative cooler. This action 
minimized background infrared radiation.103

Photopolarimeter Radiometer. The ppr was designed to measure intensity and 
polarization of light and was used during the Galileo mission to determine the following:

• variations in intensity of reflected sunlight and emitted thermal radiation 
from both Jupiter and its satellites. 

• vertical and horizontal distribution of Jupiter’s cloud and haze particles, as 
well as their shapes, sizes, and refractive indices.

•    Jupiter’s energy budget.

•  The thermal structure of the Jovian atmosphere and the vertical distribution 
of absorbed solar energy within it.

• photometric, polarimetric, and radiometric properties of the Galilean moons 
(io, europa, Ganymede, and callisto).104 

The ppr (see figure 5.13) was an instrument system with several functions. its 
photometer measured the intensity of incoming light and used various colored filters to 
pass only light in the desired spectral band. The signal intensity that the ppr observed 
could be correlated with the abundance of a particular material present. of the seven 
bands of light that the photometer observed, one was in a region of the spectrum in 
which methane strongly absorbs light, and another was in a region where ammonia 
strongly absorbs light.105 

The ppr’s polarimetric measurements determined the polarization characteristics 
of reflected sunlight. polarization is the suppression of light-wave vibrations in certain 
directions, coupled with the allowance of light-wave vibrations in other directions (this is 
what polarized sunglasses do). polarization is also related to the times at which vibrations 

in different directions reach their maxima and minima. for instance, in a particular beam 
of light, vertical vibrations may be “in phase” with those in the horizontal direction, mean-
ing that they both reach their maxima at the same time. alternatively, vertical vibrations 
may peak a fraction of a cycle before or after horizontal ones. a “phase angle” describes 
the amount by which vibrations in one direction are out of phase with those in another.

Figure	5.13. Photopolarimeter radiometer. (Image number 23-1158A) 

To measure polarization, the ppr passed incoming light through a prism, which 
separated it into beams of vertically and horizontally polarized components. These beams 
were directed onto a pair of photodiode detectors, which measured the intensities of the 
two polarized components by converting their light into electric current.106

in the Jovian atmosphere, as in that of earth, cloud particles and atmospheric mol-
ecules play important roles in scattering and polarizing sunlight, as well as in determining the 
color of the atmosphere. on earth, the blue of the sky is caused by the scattering of the short-
wavelength blue components of white sunlight by particles suspended in the atmosphere. 
The scattering of these blue light waves is more pronounced than the scattering of waves 
with longer visible wavelengths, such as those of red light. This is why earth’s sky does not 
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The ppr’s radiometry function was to measure thermal infrared emissions. The 
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those parts of the spectrum that are absorbed poorly could originate deeper down in the 
atmosphere and still be observed by the orbiter. Thus, depending on which emissions it 
was observing, the ppr was able to detect signals from various atmospheric depths. This 
capability allowed the ppr to analyze a range of different levels of the Jovian atmosphere. 
from the characteristics of the thermal radiation observed, atmospheric temperatures at 
each depth could be estimated. The ppr could also make direct temperature measure-
ments of the surfaces of Jupiter’s satellites. it was the only one of Galileo’s instruments 
with this capability.108

Solid State Imaging (SSI) camera. The ssi camera (figures 5.14 and 5.15) was used 
for a wide range of science objectives, including the following:

• analyzing Jupiter’s atmospheric dynamics and cloud structure.

• Measuring sizes, shapes, and features of Jupiter’s moons.

• determining the geological processes that formed the satellites’ surfaces. To 
do this, the ssi mapped those surfaces at resolutions finer than 1 kilometer 
(0.6 mile) over a range of viewing angles and lighting conditions. 

• identifying and mapping ice and mineral distributions on the satellites.

• searching for auroral and other atmospheric emission phenomena on Jupiter’s 
night side, in the region around the planet, and on its satellite surfaces. 

The ssi camera needed to study both atmospheric motion and geological 
formations, which required a high-resolution, large-format design that could pick out 
and identify very small features. But the ssi was also used for composition analyses of 
satellite surfaces, which meant that it needed to employ a range of spectral filters to help 
in mineral identification. analyses of low-light phenomena such as auroras, lightning, and 
the Jovian rings required a camera with an extremely sensitive detector and an optical 
system with very little scattering of light so as not to obscure faint images. 

To prevent damage to the ssi from Jupiter’s intense radiation, the instrument 
needed to be heavily shielded. it also had to be protected from propellant byproducts that 
might contaminate it during launch or in flight. finally, the ssi had to be made as light as 
possible and require only limited electrical power to operate.109
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channeled the light through a hole in the center of the primary mirror and onto a solid-state 
silicon image-sensor array called a “charge-coupled device” (ccd). The ccd had 640,000 indi-
vidual sensors, or “pixels,” to provide high-resolution images. except where light entered, the 
ccd was surrounded by a 1-centimeter-thick (0.4-inch) tantalum shield to protect it from the 

intense radiation fields within Jupiter’s magnetosphere. data collected by the ccd were digi-
tized and sent to the orbiter’s tape recorder for storage, eventually to be played back, edited, and 
compressed by the spacecraft’s computers, then sent to earth. after the data were received by 
tracking stations on earth, they were sent to Jpl’s image-reconstruction equipment.110 
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Figure	5.14. The Orbiter’s SSI. (JPL image number 352-8284) 

Figure	 5.15. Cutaway schematic of the SSI. Shows principal optical components, charge-

coupled device detector, particle radiation shield, and front aperture. (JPL 230-537)

The Uvs searched for evidence of certain complex hydrocarbon molecules in 
the Jovian atmosphere that, on earth, were “building blocks” for life. in its investigation of 
the Galilean satellites io, europa, Ganymede, and callisto, the Uvs searched for evidence 
of atmospheres. such evidence could indicate that volatiles were escaping from the satel-
lites and that their compositions were still evolving. reflected light from the satellites was 
picked up by the Uvs and analyzed for signs of ammonia, ozone, and sulfur dioxide.

particles from io’s volcanic eruptions are believed to be the source of its ionized 
plasma torus. Uvs measurements, as well as observations by orbiter’s fields-and-particles 
instruments, of electrons and ions in the torus provided comprehensive data on io’s evo-
lution and its relationship with Jupiter’s magnetic field. 

The Uvs was developed and built by the University of colorado’s laboratory for 
atmospheric and space physics. The Uvs team was led by principal investigator charles 
hord. although the experiment’s main focus was to study the Jovian system, Uvs mea-
surements were also carried out during Galileo’s six-year voyage to Jupiter in order to 
obtain data at venus, earth and its Moon, and two asteroids.115
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