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Voyager Beguiled by Jovian Carrousel 

With lo's volcanoes supplying particles and Jupiter's spinning 
providing energy, the Jovian magnetosphere differs from the earth's 

Active volcanoes pockmark the sur- 
face of Io, Jupiter's enchanting moon. 
Now, only a year after the volcanoes 
were discovered by the first Voyager 
spacecraft to pass Jupiter, scientists are 
convinced that they control the chemis- 
try and influence the physics of Jupiter's 
magnetosphere. Both Voyagers found 
that the entire magnetosphere-the re- 
gion that buffers Jupiter from the solar 
wind-is laced with sulfur and oxygen, 
elements that are spewed from the volca- 
noes at a rate of 1 ton per second. 

Furthermore, the magnetosphere of 
Jupiter appears to be powered by the 
rapid rotation of the large planet. The 

particles added by Io whirl around as if 

they were riding a Jovian merry-go- 
round. Seemingly contradictory Voyager 
results, however, have sparked a lively 
controversy over just how perfectly the 

merry-go-round sweeps up the volcanic 
particles. 

Although close-up observations of Ju- 
piter are no longer being made-the 
Voyagers are well on the way to Sat- 
urn-detailed monitoring of the giant 
planet continues from the ground. Scien- 
tists used the data returned by the Voy- 

agers to check the interpretation and ac- 
curacy of data obtained from the earth. 
Since Jupiter's position in the sky is now 
ideal for viewing, astronomers have been 
studying at length some processes ob- 
served only briefly during the encoun- 
ters. The longer-term monitoring is pay- 
ing off already. Researchers are getting a 
better idea of how variable and dynamic 
Jupiter's magnetosphere is, and they are 
even discovering phenomena that were 
missed by Voyager. Ultimately, what is 
learned from Jupiter may help astrono- 
mers use ground-based measurements to 
figure out the mystery behind the emis- 
sions of other rotating magnetized as- 
trophysical objects, such as pulsars, that 
are too far away to be visited. 

At the same time Voyager glimpsed 
Io's volcanoes, it found clues that Io 
might not be as prodigious a source of 
magnetospheric particles as the volcanic 
activity suggested. Ions and electrons, 
known as plasma, pervade the magneto- 
sphere. On the basis of some Voyager 
measurements, George Siscoe of the 
University of California at Los Angeles 
surmised that an overwhelming majority 
of these charged particles should be pro- 

A three-dimensional sketch of Jupiter's magnetosphere as conceived by some physicists after 
the Voyager encounters with Jupiter. Plasma spinning more or less along with Jupiterfills the 
space near the planet and is stretched on the nightside into a lumpy disk. Farther out, the 
magnetospheric wind streams away from Jupiter and the sun. [Source: Tom Krimigis, Johns 
Hopkins University] 
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duced near Io. Yet, according to Bill 
Sandel and Donald Shemansky of the 
University of Southern California's 
Earth and Space Sciences Institute in 
Tucson, other Voyager data show that 
ionization occurs near Io only 1 to 10 
percent as fast as Siscoe inferred. In- 
stead, the ions appear to be formed uni- 
formly throughout a doughnut-shaped 
cloud-a torus-that traces lo's orbit 
around Jupiter. 

Nonetheless, experts believe Io to be 
the source of the magnetospheric 
plasma. Somehow, volcanic debris es- 
capes Io's atmosphere, becomes dis- 
persed in the torus, and is ionized there. 
Mechanisms stymied physicists until 
early this year, because in order to over- 
come Io's gravity, the neutral particles 
would have to travel much faster than 
they are ejected from the volcanoes. 
Charged particles in Io's atmosphere, 
however, would be readily swept up by 
Jupiter's magnetic field, which rotates 
past lo as the satellite orbits. (Io makes a 
circuit of Jupiter in 42.5 hours, while the 
giant planet and its magnetic field spin 
once in just under 10 hours.) 

One way to get the volcanic material 
dispersed into the torus is to give it an 
electric charge, suggests Torrance John- 
son of the Jet Propulsion Laboratory in 
Pasadena. Magnetospheric electrons 
bombarding microscopic dust in the vol- 
canic plumes could charge those parti- 
cles sufficiently for the Jovian magnetic 
field to extract them from Io's atmo- 
sphere. Once free, the dust could break 
up into atoms and molecules and become 
ionized, or "some particles may find 
their way to the Jovian ring," says John- 
son. Measurements made near the earth 
by Eberhard Griin and Gregor Morfill of 
the Max-Planck Institute in Heidelberg 
confirm that tiny dust particles can accu- 
mulate a few thousand electrons in short 
order, and thereby become sufficiently 
charged to be carried off by Jupiter's 
magnetic field. 

Alternatively, says Louis Lanzerotti 
of Bell Laboratories, energetic oxygen 
or sulfur ions crashing into the surface of 
Io could kick loose many neutral atoms 
giving them enough energy to escape 
Io's gravity. In the laboratory, Lanze- 
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rotti and Walter Brown of Bell bombard- 
ed sulfur dioxide ice with energetic oxy- 
gen ions and found that one ion can lib- 
erate several thousand speedy atoms. 
According to Thomas Hill of Rice 
University in Houston, Lanzerotti and 
Brown's experiment showed that this 
sputtering process "is much more effi- 
cient than anyone expected." Both elec- 
trons, for dust charging, and high-energy 
ions, for sputtering, are abundant in Ju- 
piter's magnetosphere. 

Occasional jets of neutral sodium that 
can be seen emanating from Io seem to 
support the idea that sputtering is a likely 
way to rip atoms from Io for later ioniza- 
tion in the torus. Although no hints of 
such jets were picked up by the Voyager 
spacecraft, they showed up this year on 
photographs taken by Carl Pilcher of the 
University of Hawaii. He says that the 
jets "come and go from night to night 
and from hour to hour." 

Pilcher favors sputtering as the mecha- 
nism for producing the jets because they 
are directional and localized. In addition, 
the atoms appear to be traveling at just 
the right speed. He speculates that the 
local magnetic field may allow a small 
patch of lo's surface to be bombarded 
for a short amount of time to produce the 
transient, local jets. Presumably sulfur 
and oxygen atoms are plucked from lo 
along with sodium. Pilcher sees only the 
sodium because he looks at Io at the 
wavelength of a very intense sodium 
emission line-the D line at 5890 ang- 
stroms. 

"I'll probably live to regret calling 
these features jets," says Pilcher. He 
saw the first one in January, and "it 
looked as if it were streaming away from 
Io." Subsequently he has found other 
"linear features" that appear less jetlike. 
The strangest one is 200,000 kilometers 
long, kinked, and does not point directly 
at Io. This unusual feature disappeared 
within an hour of its discovery. 

Pilcher cannot imagine how the kinked 
feature can be a jet from lo. He con- 
jectures that it may mark a kinked, fila- 
mentous region where the chemical bal- 
ance in the magnetosphere tipped tempo- 
rarily in favor of neutral rather than ion- 
ized elements. He points out that the 
local abundance of neutral sodium, and 
therefore the brightness of the D-line ra- 
diation, depends on how much neutral 
sodium is injected, the rate at which 
atoms are ionized, and the rate at which 
ions are lost or neutralized. Whether the 
jets are sputtered from lo, or whether 
they are sensitive indicators of the chem- 
ical balance near Io, Pilcher's studies 
from an observatory on Hawaii's Mauna 
Kea volcano promise to shed light on the 
25 APRIL 1980 

Two newly discovered sodium jets. Pilcher's original sodium jet (left) appears to stream 150,000 
kilometers to the right from Io, which is blocked out by the white disk in the center. The linear 
feature directed toward Jupiter (to the left) is an edge-on view of lo's orbit, made visible by the 
neutral sodium pervading it. A few weeks later, Pilcher detected the puzzling jet (right), which 
has made him question the nature of the jets. It does not emanate directly from Io and appears 
to be bent. Although prominent to the right of Io in this picture, this jet disappeared within an 
hour. Jupiter lies to the left. [Source: Carl Pilcher, University of Hawaii] 

processes dispersing Io's volcanic debris 
into the torus and from there to the Jo- 
vian magnetosphere at large. 

Hill notes that the material added con- 
tinuously to the magnetosphere by Io 
ought to slow down the Jovian merry-go- 
round. To date, however, the Voyager 
data seem both to support and to repu- 
diate this conjecture. Some data suggest 
that the magnetosphere slows down, 
while other measurements suggest that it 
does not. Although these conclusions are 
not directly contradictory, because they 
are based on different measurements 
made in different parts of the magneto- 
sphere, experts admit that the two inter- 
pretations are hard to reconcile. 

Jupiter's magnetic field, like the 
earth's, is tied to a magnetic dipole in the 
planet. Ideally, the magnetic field spins 
around at the same rate Jupiter rotates. 
Plasma is accelerated by the moving 
magnetic field until it circles Jupiter dur- 
ing the scant 10-hour rotation of the plan- 
et. In order to make the circuit of Jupiter 
in 10 hours, plasma far out in the 
magnetosphere must travel much faster 
than plasma closer in. Since the magnet- 
ic field weakens with distance from the 
planet, at some point it might be too 
weak to keep the plasma up to speed.. 
There the drag of the plasma would slow 
the field, and both would take longer 
than 10 hours to make a circuit. (In the 
earth's magnetosphere, the motion of 
plasma is controlled by the earth's rota- 
tion only very close to the atmosphere 
and ionosphere; elsewhere the plasma 
flow is governed by the solar wind.) 

Plasma particles are added to the mag- 
netosphere at the orbit of lo, which is 
quite close to Jupiter, accelerated up to 
merry-go-round speed there, and sub- 
sequently drift off to the distant 
magnetosphere. The rotating magnetic 
field must do a lot of work to accelerate 
the particles to the ever faster velocities 

needed to keep pace with Jupiter's spin- 
ning. Therefore, Hill expected that dis- 
tant particles would take longer than 10 
hours to circle the giant planet-the far- 
ther out the particles, the longer they 
should take. 

Herbert Bridge of Massachusetts In- 
stitute of Technology and his co-workers 
found that Hill's expectation was ful- 
filled. When the first Voyager spacecraft 
was closest to Jupiter-350,000 kilome- 
ters from the planet and just inside lo's 
orbit-the plasma was rotating as if it 
were rigidly attached to Jupiter. Outside 
Io's orbit, however, the plasma was not 
quite keeping pace with the planet's 
spinning. When the spacecraft was 2.8 
million kilometers from the planet (but 
still well inside the magnetosphere), the 
plasma took 20 hours to circle Jupiter, 
says Bridge. 

But a different Voyager instrument 
collected data which indicate that, al- 
though the flow varies, "by and large the 
plasma is rotating with the planet' deep 
in the magnetosphere, according to Tom 
Krimigis of Johns Hopkins University. 
Krimigis's data were obtained between 2 
million and 5 million kilometers from Ju- 
piter. He has not yet analyzed measure- 
ments made nearer the planet. Krimigis 
emphasizes that the speed and direction 
of plasma flow show great variability, 
"and this fact gives theorists some heart- 
burn." "It is hard to understand how 
stuff not corotating at 1 million kilome- 
ters can be corotating again at 3 million 
kilometers," comments Hill. 

The conflict is not likely to be resolved 
until the two experimental teams reduce 
data taken at the same time and place. 
Even then, the interpretations may not 
agree, because the two instruments col- 
lect different kinds of particles, which 
might behave differently for some elu- 
sive reason. Moreover, both investiga- 
tors must make assumptions about the 
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particles and their behavior in order to 
deduce a flow velocity and direction. 

The Voyager radio-wave sensor, much 
to the surprise of its designers, made 
some observations that may tip the bal- 
ance on the corotation controversy. Jo- 
seph Alexander and Michael Kaiser of 
Goddard Space Flight Center, Green- 
belt, Maryland, discovered a new type of 
radio emission from Jupiter's magneto- 
sphere. And the source region seems to 
circle the planet 3 to 5 percent slower 
than the planet spins. Kaiser and Alex- 
ander think that the signal comes from 
the outer edge of Io's doughnut-shaped 
cloud. They conclude that the plasma 
that is producing the radio waves in this 
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region is 'not quite keeping up with the 
planet's rotation-in agreement with 
Bridge's measurements of the flow ve- 
locity in the same area. 

Krimigis's data indicate that the Jo- 
vian merry-go-round does not go on for- 
ever. On the nightside of Jupiter, be- 
tween 9 million and 10 million kilometers 
from the planet, "the plasma can't hang 
on anymore-it streams off away from 
Jupiter." This flow, which Krimigis dubs 
the magnetospheric wind, may resemble 
the solar wind, a flow of particles away 
from the sun. By studying in detail the 
Jovian magnetospheric wind, Krimigis 
hopes to understand the physics that 
drives it and, by analogy, the solar wind 
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and the winds emanating from many oth- 
er stars. 

While the two Voyagers and the two 
Pioneer spacecraft that preceded them 
have revealed much about the Jovian 
magnetosphere, many of the new find- 
ings are surprises or cannot be fathomed 
completely with available data. Scien- 
tists eagerly await the Galileo spacecraft, 
"may it fly," to test their speculations 
about how material from Io's volcanoes 
is distributed into the magnetosphere 
and to resolve the corotation contro- 
versy. Galileo is supposed to orbit Jupi- 
ter after it is launched in the mid-1980's 
by the problem-plagued Space Shuttle. 

-BEVERLY KARPLUS HARTLINE 
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Gene Transfer Given a New Twist 

The demonstration that genes introduced into bone marrow 
cells work in living mice is the most recent development in 

a series of advances in gene transfer. 
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The demonstration that genes introduced into bone marrow 
cells work in living mice is the most recent development in 

a series of advances in gene transfer. 

Molecular biology has seen so many 
surprises in the past few years that the 
unexpected is becoming commonplace. 
Still, reports on television and in the 
newspapers that a "revolutionary" 
method of gene transfer had been discov- 
ered surprised many people, among 
them a number of scientists who are 
themselves studying methods of gene 
transfer between cells. 

The reports described experiments in 
which a group of investigators* at the 
University of California at Los Angeles 
(UCLA) successfully introduced new 
genes into mouse cells and showed that 
the genes appeared to work when the 
cells were put back into living mice. 
Now this, in outline, is just what genetic 
engineering is all about. 

Investigators have long sought a prac- 
tical method of introducing new, func- 
tional genes into living organisms be- 
cause such a technique might permit 
gene replacement therapy-a true cure 
for diseases, sickle-cell anemia, for ex- 
ample, which are caused by a single de- 
fective gene. And so the UCLA results 
were newsworthy. 

Some news reports overstated their 
import, however, possibly aided by a 
press release from the university that 
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hailed the techniques as "revolution- 
ary," a word that subsequently appeared 
in the headline of a Washington Post sto- 
ry on the new developments. A more cir- 
cumspect description was given by one 
researcher, who requested that he not be 
identified. "It is a nice experiment," he 
said, "but a logical extension of previous 
research." In other words, it fell some- 
thing short of revolutionary. 

In fact, investigators have been trans- 
ferring genes between mammalian cells 
for years by a variety of techniques. 
Some of the earlier methods used cell fu- 
sion to produce hybrids bearing whole 
chromosomes or chromosome pieces 
from both cell types. More recently, in- 
vestigators, with the aid of recombinant 
DNA technology, have devised more 
specific procedures for introducing indi- 
vidual genes into cells. During the past 
year and a half, for example, three 
groups of investigators reported the in- 
troduction of a globin gene from one ani- 
mal species into cells from another. (Glo- 
bin is the protein portion of the hemoglo- 
bin molecule.) In at least two of these 
cases, the transferred gene expressed it- 
self in the synthesis of the appropriate 
globin protein. 

The UCLA achievements grew out of 
this previous gene transfer work. Ac- 
cording to Martin Cline, leader of the re- 
search group reporting the results, "We 
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used established techniques for transfer- 
ring the genes, but took them one step 
further-to an in vivo system." 

In one series of experiments, de- 
scribed in the 3 April issue of Nature, the 
investigators induced resistance to the 
drug methotrexate in bone marrow cells 
by incubating them with DNA prepared 
from a line of methotrexate-resistant 
mouse cells. Methotrexate, which is 
used for cancer chemotherapy, kills can- 
cer cells by inhibiting the enzyme dihy- 
drofolate reductase (DHFR) and thus 
preventing the synthesis of the essential 
chemical folic acid. 

Cancer cells may become resistant to 
methotrexate (or other cancer drugs, for 
that matter), in which case they are no 
longer killed by the drug, at least in con- 
centrations that are tolerated by the rest 
of the body. Work from the laboratory of 
Robert Schimke, who is also at UCLA, 
has shown that methotrexate resistance 
is sometimes caused by amplification of 
the DHFR gene. Resistant cells, having 
many more copies of the gene than non- 
resistant ones, produce so much of the 
enzyme that they can live even in the 
presence of the drug. 

The Cline group prepared DNA from 
methotrexate-resistant mouse cells hav- 
ing many extra copies of the DHFR 
gene. For the DNA preparation and sub- 
sequent gene transfer, they used meth- 

SCIENCE, VOL. 208, 25 APRIL 1980 

used established techniques for transfer- 
ring the genes, but took them one step 
further-to an in vivo system." 

In one series of experiments, de- 
scribed in the 3 April issue of Nature, the 
investigators induced resistance to the 
drug methotrexate in bone marrow cells 
by incubating them with DNA prepared 
from a line of methotrexate-resistant 
mouse cells. Methotrexate, which is 
used for cancer chemotherapy, kills can- 
cer cells by inhibiting the enzyme dihy- 
drofolate reductase (DHFR) and thus 
preventing the synthesis of the essential 
chemical folic acid. 

Cancer cells may become resistant to 
methotrexate (or other cancer drugs, for 
that matter), in which case they are no 
longer killed by the drug, at least in con- 
centrations that are tolerated by the rest 
of the body. Work from the laboratory of 
Robert Schimke, who is also at UCLA, 
has shown that methotrexate resistance 
is sometimes caused by amplification of 
the DHFR gene. Resistant cells, having 
many more copies of the gene than non- 
resistant ones, produce so much of the 
enzyme that they can live even in the 
presence of the drug. 

The Cline group prepared DNA from 
methotrexate-resistant mouse cells hav- 
ing many extra copies of the DHFR 
gene. For the DNA preparation and sub- 
sequent gene transfer, they used meth- 

SCIENCE, VOL. 208, 25 APRIL 1980 0036-8075/80/0425-0386$00.50/0 Copyright ? 1980 AAAS 0036-8075/80/0425-0386$00.50/0 Copyright ? 1980 AAAS 386 386 


	Article Contents
	p. 384
	p. 385
	p. 386

	Issue Table of Contents
	Science, Vol. 208, No. 4442, Apr. 25, 1980, pp. 333-440
	Front Matter [pp. 333-354]
	Letters
	When Should the Gas Guzzler Go? [pp. 350-351]
	Brown's Administrative Philosophy [p. 351]

	Erratum: Properties of Diamond [p. 351]
	Diversion of Funds from Research [p. 353]
	Computer Models of Crystal Growth [pp. 355-363]
	Materials Science [p. 363]
	Immunomicrospheres: Reagents for Cell Labeling and Separation [pp. 364-368]
	The Proliferation of Scientific Literature: A Natural Process [pp. 369-371]
	Comment on Societal Risk [pp. 372-375]
	News and Comment
	Antibiotics in the Barnyard [pp. 376-379]
	Discovery by Decree [p. 377]
	Rain Forests Vanishing [p. 378]
	NMC Thrives Selling Dialysis [pp. 379-382]
	Insider's Account of Pollution in U.S.S.R. [p. 380]

	Briefing
	Commissioner Gilinsky Challenges New NRC Plan [p. 383]
	MX Missile: A Step Backward for Metric [p. 383]
	NSF Finds Slower Growth in Scientific Work Force [p. 383]

	Research News
	Voyager Beguiled by Jovian Carrousel [pp. 384-386]
	Gene Transfer Given a New Twist [pp. 386-387]

	Centennial
	100 Years of Science [pp. 388-389]

	Book Reviews
	Conservation in the United States [pp. 390-391]
	The Growth of Fungal Hyphae [p. 391]
	Plant Motility [pp. 391-392]
	Hormones in vitro [pp. 392-393]
	Basin Analysis [p. 393]

	Reports
	Seasonal Movements in a Salt Glacier in Iran [pp. 395-397]
	Sounding the Stratosphere and Mesosphere by Infrared Limb Scanning from Space [pp. 397-399]
	Corrections in the Pioneer Venus Sounder Probe Gas Chromatographic Analysis of the Lower Venus Atmosphere [pp. 399-401]
	Enhancement of Superconductivity through Lattice Softening [pp. 401-402]
	Tumor-Promoting Phorbol Esters Stimulate Hematopoietic Colony Formation in vitro [pp. 402-404]
	Hydralazine-Pyrimidine Interactions May Explain Hydralazine-Induced Lupus Erythematosus [pp. 404-406]
	Allele Increasing Susceptibility to Human Breast Cancer may be Linked to the Glutamate-Pyruvate Transaminase Locus [pp. 406-408]
	Survival of Mice Receiving Melanoma Transplants is Promoted by Hydroquinone [pp. 408-410]
	Somatomedin C: Restoration in vivo of Cycle Traverse in G$_{0}$/G$_{1}$ Blocked Cells of Hypophysectomized Animals [pp. 410-412]
	Alcoholic Rhabdomyolysis: An Experimental Model in the Rat [pp. 412-415]
	Regression of Tumors in Guinea Pigs after Treatment with Synthetic Muramyl Dipeptides and Trehalose Dimycolate [pp. 415-416]
	Visual Aftereffects Derived from Inspection of Orthogonally Moving Patterns [pp. 416-418]
	An ``Inhibitory'' Influence on Brainstem Population Responses [pp. 418-419]
	Interspecific Chimeras in Mammals: Successful Production of Live Chimeras between Mus musculus and Mus caroli [pp. 419-421]
	Unequal Alternating Monocular Deprivation Causes Asymmetric Visual Fields in Cats [pp. 421-423]
	Rebound Insomnia [pp. 423-424]

	Back Matter [pp. 393-440]





