GREAT RED SPOT appears somewhat orange in this remarkably

ly ranged from '.'full gray" and "pinkish" to "brick red" and "car·

detailed photograph made at the Lunar and Planetary Laboratory

mine." The photograph was made on December 23, 1966, by Alika

of the University of Arizona. During the century or so that Jupiter's

Herring and John Fountain, who used a 61·inch reflecting tele·

great red spot bas been closely observed its color has reported.

scope. The exposure was one second on High Speed Ektachrome.
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JUPITER'S GREAT RED SPOT
There

is evidence to suggest that this peculiar Inarking

is the top of a "Taylor cohunn":
a bll111p

01'

a

stagnant region above

depression at the botton1 of

a

circulating

fluid

by Haymond Hide

he surface markings of the plan
ets have always had a special fas
cination, and no single marking
has been more fascinating and puzzling
than the great red spot of Jupiter. Un
like the elusive "canals" of Mars, the red
spot unmistakably exists. Although it has
been known to fade and change color, it
has never entirely disappeared in the 130
years it has been regularly observed. The
red spot appears to be embedded in the
banded clouds of Jupiter's atmosphere,
and its period of rotation about the axis
of the planet undergoes slight but per
sistent fluctuations. For this reason as
tronomers have generally thought that
the spot could not be attached to the
solid planet (assuming Jupiter has a
solid surface underlying its atmosphere)
and that it must be a solid object rather
like a huge raft floating in the atmo
sphere.
An alternative suggestion was put for
ward in 1961: I proposed that the great
red spot might be visible evidence of a
hydrodynamic phenomenon essentially
similar to a "Taylor column." This is a
more or less stagnant cylinder that can
be produced in a rotating fluid by either
a protuberance or a depression at the
base of the fluid. Such columns, which
tend to be parallel to the axis of rotation
of the fluid, are named for their first
investigator, Sir Geoffrey Taylor of the
University of Cambridge. According to
my hypothesis, the presence of even a
shallow topographical feature on the sur
face of the solid planet, if indeed it be
solid, would give rise to a pronounced
disturbance in the atmosphere because
the planet is rotating so rapidly (one rev
olution in less than 10 hours). This hypo
thetical disturbance could well give rise
to a permanent marking, such as the red
spot, at the top of the cloud layer, where
it would be visible to outside observers.

T

To explain the fluctuations in the red
spot's period of rotation one must assume
that there are forces acting on the solid
planet capable of causing an equivalent
change in its rotation period. In other
words, the fluctuations in the rotation
period of the red spot are to be regarded
as a true reflection of the rotation period
of the planet itself. Theoretical studies
suggest that the fluid regions of Jupiter
-its atmosphere and its fluid core, as
suming there is one-are together suf
ficiently massive and well agitated to
create the forces needed to alter the
planet's speed of rotation. At the same
time the topographical feature respon
sible for the red spot would be kept from
wandering in latitude because of the
planet's great gyroscopic stability. In
deed, one of the principal objections to
the "raft hypothesis" is its apparent in
ability to explain why the latitude of the
spot has remained fixed.
ifth in order of distance from the sun,

FJupiter is a giant among the planets.

Its diameter is some 138,000 kilometers
(about 86,000 miles), or roughly 11 times
the diameter of the eaith. Jupiter circles
the sun once every 11.8 years. It can be
observed profitably for about 10 months
out of every 13; the rest of the time it is
on the far side of the sun from the earth
and its apparent diameter is much re
duced. At oppOSition, when both planets
are in line with the sun on the same side
of it, Jupiter is twice as bright as Sirius,
the brightest star, and its apparent diam
eter reaches 50 seconds of arc. This cor
responds to a 33rd of the diameter of the
moon. Among the planets only Venus
and occasionally Mars exceed Jupiter in
brilliance.
Studies of various kinds indicate that
the visible surface of Jupiter is made up
of clouds of ammonia and ammonia crys-

tals suspended in an atmosphere that is
mainly hydrogen admixed with water
and perhaps methane and helium. Other
lines of evidence, particularly the fact
that Jupiter's density is only 1.3 times
the density of water, suggest that the
main constituents of the planet are hy
drogen and helium. It was once con
jectured that Jupiter had a metallic core
similar to the core of the earth, jacketed
by a thick mantle of ice. Ideas changed
in 1951 when William H. Ramsey, then
at the University of Manchester, pointed
out that the high pressures prevailing
deep inside the planet would have the
effect of converting hydrogen from its
ordinary liquid or solid form into a me
tallic, electrically conducting form.
Theoretical models of Jupiter's struc
ture based on Ramsey's ideas have since
been constructed by a number of work
ers. Although these models give a fairly
complete description of the distribution
of density and pressure within the plan
et, they do not lead to predictions about
such important properties as tempera
ture, thermal and electrical conductivity,
viscosity and mechanical strength. More
over, they cannot predict whether the
material at the base of the atmosphere is
a solid or a liquid. Thus for all anyone
knows Jupiter could be fluid throughout
[see illustration on page 79].
n 1610 Galileo turned his primitive
telescope on Jupiter and discovered
the four largest of the planet's 13 satel
lites. Twenty years later Nicolas Zuc
chi and Daniel Bartoli observed and
recorded the large-scale features of Jupi
ter's visible disk. The most prominent
are a series of bright and dark bands,
numbering 14 or more, that run paral
lel to the planet's equator. The bright
bands are usually called zones, the dark
ones belts [see tOJl illustration all page

I
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JUPITER THROUGH BLUE FILTER confirms the visual impres'

between October 23, 1964 (left), and December 12, 1965 (right).

sion that the light reflected by the great red spot is primarily yel.

Photograpbs on these two pages were taken at New Mexico State

low to red. The equatorial zone brightened markedly in blue light

University Observatory with either a 12·inch or a 24.inch telescope.

78]. Because the zones and belts present
a continually changing pattern it is ob
vious that they are c10udlike structures
in a fluid atmosphere, not markings on
the surface of a solid planet. Isolated
dark spots and brilliant white areas fre
quently appear in the zones. At other
times an entire belt or a large portion of
it will disappear from view and reappear
after several weeks or months.
The great red spot was probably first
observed in 1664 by Robert Hooke. That
same year Giovanni Cassini made draw
ings of the spot and began recording its
period of rotation. He found that it
speeded up slightly between 1664 and
1672, when its rotation period, origi
nally nine hours 55 minutes 59 seconds,
decreased by five seconds. "Hooke's

spot," as it was later called, was observed
intermittently until 1713.
The next known record of the spot is
a drawing made in 1831 by Heinrich
Samuel Schwabe, the German apothe
cary who is best known for his discovery
that sunspots wax and wane on a cycle
of roughly 11 years. Drawings of Jupiter
showing the spot were made in 1857 by
William Rutter Dawes, an English cler
gyman, in 1870 by Alfred M. Mayer, an
astronomer at Lehigh University [see
bottom illustration on page 78] and there
after by many other observers.
Mayer described his observation of
Jupiter with a 15-centimeter refracting
telescope in January, 1870, as follows:
"I was struck with the beautiful defini
tion and steady sharpness of outline of

TWO·COLOR SERIES taken 011 November 8 and 9, 1964, makes it

the details of (Jupiter's] disk, and espe
cially was my attention riveted on a
ruddy elliptical line lying just below the
South Equatorial belt. . . . This form was
so remarkable that I was at first distrust
ful of my observation; but . .. I perceived
that the ellipse became more and more
distinct as it advanced toward the cen
tre of the disk." Mayer believed the
feature he was recording had "never be
fore been noticed."
The great red spot became so con
spicuous in 1879 that it was widely pub
licized; it was then that the spot re
ceived its present name. In 1882 the spot
began to fade. Its decline was so steady
that by 1890 astronomers believed it
would eventually disappear. By 1891,
however, the fading had halted and was

the right, which were taken only 30 hours apart, show how cloud·

possible to compare the markings on Jupiter as seen in blue light

like structures in the equatorial zone can change quite considera.

(lelt) and in red light (middle and right). The two photographs at

bly in the time required for the planet to make only three rotations.
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JUPITER THROUGH GREEN FILTER shows the planet with the

Octoher 29, 1965 (left), and March 2, 1967 (right). The dark spot

red spot visible (left) and out of sight on the far side of the planet

near the equator at right is the shadow of Jupiter's third largest

(right). Extensive changes in band structure took place hetween

satellite

soon reversed. Although the spot has var
ied since then, it has never disappeared
from view.

L\:'y acceptable theory of the great red

.L

spot must account for its principal
properties without being at variance
with what is known about the planet as
a whole. These properties can be listed
as follows.
First, the spot has a specific size, posi
tion and form. It is an ellipse about
40,000 kilometers long and 13,000
kilometers wide, centered on about 22
degrees south latitude. The spot is rough
ly equal in area to the entire surface of
the earth. Its shape, size and orientation
undergo slight fluctuations.
Second, the spot has a rotation period

10,

which is a harely visible white spot near the right limh.

that fluctuates by more than 10 seconds
[see top 'illustration on page 80]. These
fluctuations, when plotted as variations
in longitude with respect to a mean pe
riod, show that the spot has at times ad
vanced or fallen back as much as 500
degrees. Significant accelerations of this
motion occurred in 1880, 1910, 1926
and 1936, years when the spot was also
very conspicuous.
Third, the spot exhibits only slight
excursions in latitude. In fact, variations
in the latitude of the center of the spot
have never exceeded the probable er
ror of measurement.
Fourth, the spot is associated with a
persistent indentation, known as the red
spot hollow, in the southern boundary
of the south equatorial belt. On no occa-

THREE·COLOR SERIES was made in March, 1967. The red·light

sion have the hollow and the spot been
Simultaneously absent.
Fifth, the spot has interacted in a
specific way with a phenomenon called
the south tropical disturbance. The dis
turbance made its appearance in 1901 as
a short dark streak in the south tropical
zone some distance from the red spot.
Eventually it grew in length until it
stretched nearly two-thirds of the way
around the planet. In 1939 the distur
bance vanished, seeming to give way to
three "bright ovals" that can still be seen
in the belt just south of the red spot.
The rotation period of the disturbance
was somewhat less than that of the red
spot, and the two features came in con
tact on nine occasions. The most remark
able behavior at these conjunctions was

spot is one of three "hright ovals" in the south temperate belt.

view (left) was taken on March 4, only 32 minutes before the

The blue·light view (right), taken 17 rotations after the green·

green.light view (middle). The elliptical shape helow the great red

light view, shows that the ovals travel slightly faster than the spot.
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JUPITER'S BANDS are commonly called zones if they are bright and belts if they are dark.
At any given time some of the bands may be indistinct or even absent. Nevertheless, most of
the zones and belts shown here can be identified in the photographs on the preceding pages.

the tendency for the disturbance to skirt
around the edge of the red spot at
about 10 times the speed with which it
approached the spot and receded ft'om'it.
Sixth, the color of the spot seems to
Ructuate, although the changes are hard
to measure. At its faintest the spot has
been described as "full gray" and "pink
ish" and at its most prominent as "brick
red" and "carmine." In black-and-white
photographs made through colored fil
ters the spot usually shows up very dark
when the filter is blue and is almost in
visible when the filter transmits only red
or infrared. In 1963, using the 200-inch
telescope on Palomar Mountain, Bruce
C. Murray and his colleagues at the Cali
fornia Institute of Technology compared
the infrared emission of the spot with
the emission of surrounding areas. They
found that the temperature of the spot
was about 127 degrees Kelvin (degrees
centigrade above absolute zero), or about
two degrees cooler than the adjacent
regions.
Finally, a truly satisfactory theory of
the great red spot should be able to ex
plain its uniqueness. Why are there not
several spots of various sizes? Until evi
dence to the contrary is provided, the
theorist must also assume that the red
spot is a permanent feature that has ex
isted for thousands or millions of years.
he great red spot is such a weird phethat few serious attempts
have been made to account for it. The
raft hypothesis seems to have been first
proposed in 1881 by C. W. Hough in his
annual report for the Dearborn Observa
tory. One of its strongest advocates was
Bertrand M. Peek, an amateur astronomer
whose book The Planet Jupitel' contains
a valuable collection of visual observa
tions of the planet. He proposed that the
raft was mainly made up of several solid
forms of water that have been produced
in the laboratory at high pressures. Peek
suggested that the fluctuations in the
red spot's rotation period might be due
to slow variations in the depth at which
the raft Roated in the planet's atmo
sphere. He also proposed that as the raft
rose and fell one form of ice would
change into another form with a conse
quent absorption or release of heat that
might account for the variations in the
appearance of the spot.
In a recent appraisal of the raft hy
pothesis Wendell C. DeMarcus of the
University of Kentucky and Rupert
Wildt of the Yale University Observa
tory said: "It has proved difficult to con
ceive of an object able to float in a sur
faceless ocean of . . . hydrogen gas." They
assert, however, that in principle the

Tnomenon

THE RED SPOT IN 1870 was drawn by Alfred M. Mayer of Lehigh University and pub·
lished in a paper titled "Observations of the Planet Jupiter." A feature now believed to be
the red spot was first reported in 1664 by Robert Hooke. For more than 200 years the spot
had attracted so little attention that Mayer wrote in his account that the "ruddy elliptical
[feature] lying just below the South Equatorial belt ...has never before been noticed."
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reu spot could be a solid object with the
same ,density as the Buid surrounding it
and having the same constituents but
in different proportions.
When the hypothesis has been fully
tested against observation and when its
other consequences have been carefully
examined, it may well look more attrac
tive than it does now. For example, Rob-

ert H. Dicke of Princeton University has
suggested that Jupiter's atmospheric
winds, being strongly channeled in zones
parallel to the equator, might inhibit any
tendellcy for a raft to drift in latitude. If
this is so, one of the strongest objections
to the raft hypothesis would be removed.
One would still be puzzled, however,
as to why Jupiter's atmosphere contains

only one such object and how it resists
disruptive forces.
he Taylor-column hypothesis avoids

T many of the problems that beset the

raft hypothesis. I should pOint out, how
ever, that a raft could also give rise to a
Taylor column. In what follows, there
fore, I shall use "Taylor-column hypoth-

EARTH

STRUCTURE OF JUPITER has been in·
ferred from various lines of evidence. Al
though Jupiter is about 11 times the diame·
ter of the earth and has more than 1,300
times the volume, its total mass is only 318
times that of the earth. In consequence Ju
piter's density is only a third greater than
the density of water. The structure and com
position shown here follow studies made by
P. J. E. Peebles of Princeton University. The
composition of the cloud layer (above) is
based chiefly on the work of R. M. Gallet of
the National Bureau of Standards. The vari.
ous substances indicated are probably sus
pended in an atmosphere that is mainly hy.
drogen. Helium and methane may also be
present. At the pressures prevailing inside
Jupiter it is thought that hydrogen would be
crushed to a metallic form. According to
one hypothesis the great red spot is a raft
like solid body floating in the atmosphere.
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ROTATION PERIOD OF GREAT RED SPOT has varied considerably in the 135 years
since it has been recorded with care. The variation is even greater if tbe earliest observa
tions of Giovanni Cassini, made between 1664 and 1672, are regarded as accurate. It was
long thought that a feature with such a variable period could not be connected in any way
with the surface of the "solid" planet below, which one would expect to rotate with great
constancy. But if the author's hypothesis is correct, the red spot is produced by a surface
feature, either a raised area or a depression, and the planet's rotation rate is indeed variable.

+720

+360

ij)

w
w
cr:
(,')
w

e

w
0
::::J
f-

<:9

0

z
a
-'
z
fLL

cr:
0

-360

-720 L-_______�__

YEAR

1825

1850

__._�________�_______ , ______�
__
______---'

1875

1000

1925

1950

1975

LONGITUDINAL WANDERING OF RED SPOT can be visualized by defining a mean
period of rotation and plotting in degrees how much the spot advances or retreats with reo
spect to the mean. The diagram is based on one in The Planet Jupiter, by Bertrand M. Peek.
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esis" to mean a hydrodynamic phenom
enon caused by an irregularity on the
surface underlying Jupiter's atmosphere.
In the simplest conceivable fluid, sys
tem, in which the fluid has uniform
density and zero viscosity, the effects of
rapid rotation on hydrodynamical flow
can be expressed in terms of a theorem
first proposed in 1916 by James Proud
man of the University of LiverpooL This
theorem simply states that the flow must
be the same in planes perpendicular to
the axis of rotation.
In 1921 Sir Geoffrey Taylor recog
nized, and verified by experiment, an im
pOltant implication of Proudman's theo
rem: If a solid object were to be moved
slowly through a rotating tank of fluid,
the object would carry with it a relative
ly stagnant column of fluid aligned paral
lel to the axis of rotation. Taylor columns
can also be created by irregularities such
as bumps and corrugations at the bottom
of a rigid container when the fluid is in
motion with respect to the container.
In considering whether a topographi
cal feature on the surface of Jupiter
might give rise to a Taylor column it is
important to know how high (or alterna
tively how deep) the feature must be to
be effective. It turns out that the height
(/1) must exceed a value determined by
a relation involving the total depth of
the fluid (D), the horizontal dimension
of the topographical feature (L), the
speed of the fluid over the feature (U)
and finally the angular speed of rotation
of the entire system (11). Specifically, the
value of h must exceed D(U/2LIl), all
expressed in appropriate units.
To investigate this relation, one of my
students, Alan Ibbetson, and I conduct
ed a series of laboratory experiments
[see illustrations on opposite page J. In
addition to confirming the relation, we
found that some of the details of the flow
patterns we observed have their counter
parts in the theoretical studies of Taylor
columns in fluids of zero viscosity con
ducted by Keith Stewartson of Univer
sity College London and by Michael J.
Lighthill of the Imperial College of
Science and Technology. Nevertheless,
certain questions concerning Taylor col
umns remain unanswered; both theo
retical and experimental work are being
continued.
The extent to which a planet's rotation
influences the flow of its atmosphere de
pends chiefly on its size and rotation
speed. The linear speed of Jupiter's sur
face owing to the planet's rotation is
more than 25 times that of the earth.
Consequently Jupiter's rotation domi
nates the winds in its atmosphere even

more effectively than the earth's rotation
dominates terrestrial winds. A measure
of this "domination" is the Rossby num
ber (R), named for the Swedish meteo
rologist Carl-Gustaf Rossby. This num
.
ber .is equal to U/2LIl, which is the
factor multiplied by D in the equation
given above. The smaller the Rossby
number, the larger the dominance of ro
tation. R for large-scale motions in the
earth's atmosphere is about .1. The cor
'responding value of R for Jupiter's atmo
sphere is .0002 (except near the equator,
where R is .01 )
.

A.ny realistic discussion of Jupiter's me

L

-

teorologywould have to take account

01' many complicating factors, such as

the nonuniform density of the planet's
atmosphere and the possible effects of
magnetic fields. In a first approximation,
however, the complicating effects are
not expected to vitiate the essential idea
behind the Taylor-column hypothesis. In
any case, the banded appearance of
Jupiter makes it clear that large-scale
winds on Jupiter must blow mainly par
allel to the equator along circles of lati
tude, showing that the rotation of the
planet indeed dominates the motions of
the atmosphere.
In order to estimate the height (or
depth) of a topographical feature capa
ble of creating a Taylor column in Jupi
ter's atmosphere, we proceed as follows.
We begin with the assumption that thc
atmosphere is underlain by a material of
such high viscosity that it flows very
much more slowly than the atmosphere;
this material is the "solid" planet.
For the sake of carrying out a fairly
definite calculation let us make the in
nocuous assumption that the depth (D)
of Jupiter's atmosphere is 3,000 kilom
eters. Since the red spot itself is about
40,000 kilometers long let us use this as
the value of L, the major horizontal di
mension of the topographical feature. A
plausible value for the velocity (U) of
the wind passing over the surface might
be two meters per second, or about four
miles per hour. For this value of U the
Rossby number is .0004. If one inserts
these values into the preceding equation,
one finds that a Taylor column will be
produced if the height (or depth) of the
topographical feature exceeds only one
kilometer. By earth standards this is a
very modest dimension, but until more
is known about the mechanical proper
ties of the "solid" part of Jupiter one can
not be sure that a topographical feature
one kilometer high could in fact be sup
ported against gravitational forces nearly
three times those on the earth. The Tay-

TURNTABLE

TAYLOR-COLUMN EXPERIMENT was carried out by the author and Alan Ibbetson,
usiug the apparatus diagrammed here_ A liquid, usually water, was rotated at a uuiform
speed in a cylindrical tank 12_2 centimeters deep and 14.5 centimeters in radius. A short
cylindrical obstacle of variable height was mounted so that it could be driven slowly across
the radius of the rotating tank. The author and his colleague established the conditions
under which a stagnant column of liquid, a Taylor column, would form above the obstacle.

FLOW PATTERNS OVER OBSTACLE in the experimental tank were drawn by the autbor
and Ibbetson, who observed the streaks made by a dye tracer about 10 centimeters above
the obstacle, wbich projected about two centimeters from the base of the tank. The ob
stacle was moved toward the center of the tank at various speeds while the tank and liquid
rotated at about 40 r.p.m. A Taylor column formed (colored ellipse in "a") when the ob
stacle was moved at 1.2 centimeters per minute. When the rate was increased to nine centi
meters per minute (b), flow was diverted but no pronounced Taylor column was visible.
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TAYLOR COLUMN ON JUPITER, which the author believes accounts for the great red
spot, might assume various orientations with respect to either a plateau or a depression on
the surface of the planet. In the simplest theoretical case

(A) the axis of the column would

be parallel to the planet's axis of rotation. But depending on the characteristics of the plan.
et's atmosphere and other variables, the Taylor column might rise more or less vertically

(8) above the surface feature. The depth of the atmosphere is unknown, hence not to scale.

lor column would not necessarily rise
vertically over the surface feature. In
the simplest case the column would have
its axis parallel to the axis of rotation of
the planet [ ee illustmtion above J.

s

p erhaps the most obvious weakness of

the Taylor-column hypothesis is one it
shares with the raft hypothesis: Why
should there be only one such feature or
object? There is, however, a lead toward
an explanation of the uniqueness of the
Taylor column in Jupiter's atmosphere
that has no ready analogy in the case of
a raft. The conditions for creating a Tay
lor column discussed above show that
for a given wind speed a column would
not form over a topographical feature
of a kilometer in height if its horizontal
dimensions happened to be much less
than 40,000 kilometers.
If, however, Jupiter's atmospheric
winds are sufficiently variable and oc
casionally shift from one semistable pat
tern to another, it should be possible for
such topographical features to give rise
temporarily to Taylor columns. Clark
Chapman, working in my former labora
tory at the Massachusetts Institute of
Technology, recently made a search for

such columns, using a large amount of
observational data supplied mainly by
Bradford A. Smith and his colleagues at
New Mexico State University. He found
none. However, J. H. Focas of the
Meudon Observatory in France has re
ported seeing "false red spots" in vari
ous locations not far from the red spot
itself. Conceivably these are eddies
in the downstream wake produced by
the Taylor column underlying the red
spot.
The other properties of the great red
spot are in principle readily accounted
for by the Taylor-column hypothesis.
For example, the variable rotation rate
of the red spot must reflect the variable
rotation rate of the main mass of Jupiter.
This may seem difficult to accept, in
volving as it does huge changes in the
planet's angular momentum, but a vari
able rotation rate is by no means incon
ceivable. Since Jupiter does not rotate as
a solid body, it must be constantly agi
tated by some energy source or other.
Various lines of evidence suggest that
Jupiter may still be contracting. Al
though the contraction would be much
too slow for verification by direct obser
vation, it could still convert gravitational
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energy into internal heat energy at a sig
nificant rate (a rate comparable, in fact,
with the amount of solar energy received
by the planet).
If the changes in the rotational en
ergy of Jupiter were brought about en
tirely by frictional processes, the asso
ciated dissipation of heat would be quite
excessive. The mechanical coupling be
tween different parts of the planet need
not, however, be due only to friction.
The electrical conductivity of most of
Jupiter's interior and lower atmosphere
should be high enough for the internal
magnetic field of the planet to contribute
significantly to mechanical coupling. In
contrast to frictional coupling, which
transforms rotational energy irreversibly
into heat, magnetic coupling transforms
rotational energy reversibly into mag
netic energy. The magnetic field in
volved will be mainly of the toroidal
type, with a strength probably exceeding
1,000 gauss.
Observations of the intense bursts of
radio emission from Jupiter provide in
formation about the part of the magnetic
field whose lines of force pass through
the surface of the planet and out into
surrounding space. This part of the mag
netic field (the "poloidal" part) is prob
ably much weaker than the internal
toroidal field. The significance of the
external field for this discussion is that
the pattern of radio emission associated
with it has its own period of rotation,
which differs slightly from the rotation
period of the great red spot. This differ
ence, which amounts to several seconds,
is expected on the Taylor-column hy
pothesis because the red spot motion is
the motion of the "solid" planet, whereas
the radio emission is related to the mo
tion of the fluid parts of the planet where
the magnetic field originates.

It will be interesting and most impor-

tant, therefore, to compare future ob
servations of the radio period with those
of the red spot period, with the expec
tation of learning more about the dynam
ics and magnetohydrodynamics of Jupi
ter's interior. As one investigator has
remarked: "This is the first instance in
astronomy [where J the distribution of
angular momentum within a rotating
body . . . manifests itself in observational
effects measurable within a short time
scale." Meanwhile observers will con
tinue to find the red spot a fascinating
object. Their studies can hardly fail to
turn up evidence that will help to sup
port either the raft hypothesis or the
Taylor-column hypothesis. And, of
course, there is always the chance that
someone will have a still better idea.

Statue of Benjamin Franklin by James Earle Fraser in The Franklin Institute, Philadelphia

Great Ideas Make Great Men

The founders of America were fired by great

bilities to our country and to the world, we can

ideas. And the ideas made them great.

not tolerate shortages in ideas and leaders. Col

But today, America needs new ideas to en
hance its place among nations. Ideas in science,
in business and trade, in living and culture, in

leges need classrooms, modern libraries, up-to
date laboratory equipment and, not the least,
top-notch teachers and professors.
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Higher education is everybody's business. Col

affairs.
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Where will the ideas come from? Normally

of your choice.

from higher education. But colleges are facing
shortages. Even now some are overcrowded and
in ten years there'll be twice as many applicants.
Certainly, with increasingly urgent responsi-

If you want to know what the college crisis means to you, write
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