GRAVITY
INSUFFICIENT

By HAL CLEME

For centuries after Newton, men thought that
gravity, singlehanded, ruled the Universe.
Now . .. we're learning about the stupen-
dous magnetic forces actually at work—of mag-
netic explosions measurable not in megatons
of TNT, but megabombs of hydrogen bombs!

Y IMAGINATION is
not a very estimable
character. He's an arrist
without being a crafts-
man, which is almost
immoral; he's lary; and he's sneaky.

He's an artist because he paints
pictures. He's not a craftsman, be-
cause unless he is closely and rigidly
watched the pictures won't follow
tules—rules of art or of narure or
even of plain consistency. He's lazy
and sneaky because he leaves out es-
sential derails from his pictures
whenever I'm not warching to point
out that they should be there.

In addition, he’s a bit on the in-
competent side. He doesn’t really
create; he reassembles chings from
my memory, and if other people

82

ANALOG SCIENCE FACT & FI

can’t see where they came from
feels he’s done something
When he can't do a job at
sulks

For example, he can’t do a
ough job on the picture of a ro@
taking off, because some of the eS8
tial data is notr ro be found &
memory. It's a little embarrassi
a science-fiction writer to admig
he has never seen first hand
blast off of a large rocket, but it's
in my case; all my imagination
to work on is a collection of
and rtelevision scenes.

can [ be sure?) It shows that
of frost shedding away from thel




xvgen tank as the rtwisted by

¢ win iney i
es to ignition shoc longer marks the cour of the de
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sun is the only star in the Universe that we can
serve in close detail and that's not easy! This
ot, taken in white light, was made March 15, 1958

Official United States Navy phet




y photograph




wch and « half-cycle time of over a
- econd. There's quire a breeze during
that second. The same blast ser the
desert rocking under my feet with a

wt of npples remarkably like those
’ disturbed by a stone. It's
ncerting to have a trench
been dug in hard soil
wesaw like a raft in the wake of a
speecdboat. 1 remember it vividly, |
herefore, that I'm missing
| from this rockKer takeoff
¢ 1 can’t know what I'm

on a pon
3 htt di

which h

Can RUCSs
i .g\v,/‘! d

picture; {

missing. Mo imagination isn't compe-
fent tor job

At that. «t may not be entirely his

b Rule, I'd ouss a g(ind deal even if 1

L were actully in the blockhouse and
| my scnses were on the job. |
auld see. hear, feel, and smell, but
s no neos to anyone reading this

| magazine < at those four senses don't
cover a ry wide band of phe-
nomena. | he radiation of four to
eight thou 1nd Angstrom electromag-
petic phoons; the broadcasting of
simosphe’ - pressure waves at about
all frequeicies and energies which
the properries of the air itself will
permit; - transmission of shock
waves to and through the solid
ground; 1 fouling of the air with

. partly deco 1 posed hydrocarbons and/
ot hydron rogens—is that all that's
going on’ Not on your tintype.
Thats mcrely all I'm  personally
equipped o detect.

Now th.t's a major disadvantage,
because ' supposed to be not
merely a < ience-fiction writer bur a

. science te her, and it's my business
not merely to admire the pictures
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my l;::mm paints bur

mit ¢ complecely as possible o
other people. If my own p e
incomplete, how can 1 or anyone
who listens to me possibly under
stand what's really going on—and
more important, why it's going on?

My sloppy imagination has gotten
away with a lot, there, for a good
many years. Maybe there's some ex.
cuse. Like every other scientist, an
astronomer  works from incomplete
data; but in his case the incomplete-
ness is due not merely to his personal
sensory limitations but 1o the sheer
distance from the things he's study-
ing, coupled with the rotten conduc-
tivity of the intervening medium.
Abour all space will transmir is elec:
tromagnetic radiation. Until recent-
ly, I never thought of a single astro-
nomical factor in terms of anything
but light. And that is bad.

For example, half a dozen times a
year 1 aim a five and a half inch
telescope at the sun, set up a white
paper screen behind the eyepiece,
and spend three quarters of an hour
trying to account for the details on
the screen to a group of ninth grad-
ers. We can see a disk of light, vis-
ibly less brilliant away from the cen-
ter and trembling noticeably at the
edges. Usually we can see a number
of small dark patches with not-quite-
so-dark rims around them. If we look
closely, we can see large, very irregu-
lar patches which are somewhat
brighter than the general disk—these
show up best near the edges. That's
it. That's what distance, the natures
of the intervening media, and our




are from an automatic
ed and timed to the second.
17, 1958—and compare them
same date! These were taken

by the light of the hydro-
west (right) limb of the sun, in
a “small” flare (10,000 miles

excrescence, and collapses.

Official United States Navy photogragh




nstrumental limitations

e hear, feel, and smell

with

in sense puts a pencil

behind the

ination painted
e original of that im-

gotten away with 1t all
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picture! Worse, I've been passing that
picture on to my students. I can give
reason for that, but not an excuse. |
simply was never impressed with
noise-image even in the days whe
sunspots were described as sol
nadoes. The bubbling "rice g 5

show on the best ph

ittle instrume ke ther

ind the glowing fa P



prominences swirling, floating, foun-  were just as arbitrary, those noises, &
taining upward and raining dowr he wiggles recorded on graph papés
ward out of nothingness; I saw them by the present equipment; and the

first on silent films, and viggles are easier to scan and intef

han memories of changing

been to me. The rumt S

tles from the radio telescopes didn sound, though the sounds I supposé
impress me as real sound, just as an re really just as meaningful. It was
arbitrary  translation of impulses a ghostly, silent sun to me, and I'm
which didn’t result from the action of ashamed of my imagination. (1,2)

a microphone at the other end. They Orthers had different pictures. Johs
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tes, and apparently
stars as roaring fur-
smos.” It's not just a
h, either. Stars are

r, the matter has a

can vary and a tem
1 can vary and what
id need? If I'd been

I could have held any
hysics texts 1in front of

on's bleary eyes

and

swished a cat-o'-nine-tails until he'd

added a sound track 1o the picture
Could have done it vear:

it's done now., However, now

hat |
realize just what the loafer | been
getting away with, I'm ing to keep
after him. I'm dragging hi of hi
lotus-eater's paradise and driving his

back to the

sun 1o I\v'; ) |14 ]
from the

canvas out; and if the

high school and college physics ¢
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The very brilliance of the sun maks 4
observing it difficult. The sun’s coron
used to be visible for study only du g
ing total eclipses. This United Stajsf
Navy photograph was taken June i B
1937, by setting up equipment aif
Canton Island . . . and then havig &
good luck with the weather. 4

ce utes.(2,11,29)
The facul

on a difterent size scale; they

/

ae are also brighter, el

thousands of miles across

SOme §

times tens of th They seai
to hump up a trifle above the genenis
“surface,” and maybe they, t00, reps
!x‘..r\Sﬁ
their much longer lives, as comparsi

sent the tops of conve




S P nurthing or drift ry ini
of greater size downward in other t ( Wi
n Sscc T‘.' s‘hllv } l!. W J‘ n o ! f ;
Ha in pw rd for a nate lea it we d ¢ p
f id mules during their bricf " lrogt I Pr !
ch ompare vith those of hy gen | i f ) f
" : .
grau bu 8 hnd we can Keey | 4 Pl { n
better 1t we are 1 €l but 1t so. fey 1
¢ wav ¢ for uj rd Y' AI'c 1In L
ion. If w nice, nar clectron swaps | ¢ ;
nd around hydrogen ind third quan
ngths, we hnd we can really to 1\ me other ive ler
nendce ind ,‘,»y re ftasci the it they're ¢ or \ Ot
hings t« I absorbii ! i
nti ( is of hyvdrogen foat 1 he v hole ‘ i t} :
[ ere; torm shifting, wav- course fe hou |
| pillar nd lumns as Earth phe
ntains and curtains in other but it 1 ] 1 t
sting upward n ! Hnagin X1

This far more detailed picture was taken at the High Alfi-
tude Observatory, ot Climax, Colorado, on November 19,
1949—using a coronagraph, which artificially eclipses

§ sun
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Gerting details of the structure of the
L isn't ooy, either. This, token at
~ Sacramento Peak wl
 pwough on H-alpha birefringent filter
| passing O band only 0.65 angstroms
_ wide, shows an active area of the sun
g0 o large scole. The blurring of poor
_ jesolution is obvious—and due to
_ forth's otmosphere, not poor camera

G quolity

sion on its face looks over and admits
L b the picture isn'e silent at all It's  brightening doesn't attract our atten-
L ear spting. Shricks and booms, tion ar fiest. If we notice ic at all, we .
growls od rumbles, cracks and bums  dismiss it with the thought thar the
. —any < und which words have been  thing will fade again shortly, Well, ‘ 1
* jound for and virtually everything it does; but first, it doss attrace st 3
L jor whi b they haven't. The imagina-  tention. ;
| fon wants to go off to warch a rocket It gets brighter and brighter and
" launchi g as a relief—or possibly to  hotter and hotter—in every sense.
* hude |0 embarrassment—on  the We need more than just our aptical
- grount that rocker noises couldn’t  instruments back on Earth, now; Ii
. possibl match this racket. Even the alone isn't going w tell the whole
'~ puclear cxplosion in the memory rec-  story. There o light, sure; all sorts,
* ord woId go unnoticed in this bel-  from sofc X rays o the longes radio
" owing hell. Actually, the sudden bands we can receive. There is also
| bang o an explosion is about the only  sound, and the imagination winces,
f, thing nissing here—no, we have Here, at last, is the really

| cven o at; the planet-sphitting crack  Or can it be called a bang, which im-
of a g antic mass of gas accelerating  plies relatively brief duration? This
spwar  from somewhere below the one doesn’t stop. Each second seems
photor here until it reaches a speed  as though it must represent the peak,
i supers nic both for itself and the sur-  but each second the sound grows
¢ round g gas. Afrer all, tha's just louder. Atoms hurtle frantically
. what ' appens in a dynamite explo- against each other, showering elec:
L gion; ~hy should the sound be dif- tmwwcﬁmmm
| ferent The sun does seem to have a vicious spit of radiation. Electrons
* good nitation explosions; but the traveling oo fast to be caughn are ac-
* imagi tion remarks with a slight celerated as they pass near stripped
* sneer  hat you could hardly expect the  nuclei  and i unpredictably
P real o1 ng in that environment. Con-  themselves. Nuclei driven at speeds
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Thess

most

vary different techniques

\
faken

al Ob ervatory, in

shots

imultaneous!

in ordinary

ym the United States Naval Research |v|lm|-||uvy,

mhington

I

n the H qi,.h:l line. However, the picture on

wra developed by the Navy, and also using

(pp

v on March 13, 1959 -but by three

while

Dt

26 was taken from an Aerobee-Hi rocket, using a

washinglton ) @ one on rFage
Washington, D.C. T} Pag

94, 95 & 96) were taken al

Ph wtmlwl’nh on Page Y4 was
light, at the United States Na

using the birefringem filter

Lyman-alpha line of Hydrogen




hall t of light hurtle out of the re

gion I jonized (13) The flocculus,
NOW expanding, rising bubble of
e | my oven l‘) 'u»!,ll ’,'.l!hl,“'.‘,
lrive i ward at Ivll')vllw four hun
dred les o second, The work of ex
pans! work done against the local
force lds, and the emission of radi
1418111 | strive to rob the mass of en
erpy toit 18 many minutes before
the ¢ cis of the losses can be no
ticed entually they can, and the
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mass cools: one 1o three quarters of
an hour after the start of th phenom
enon, there remains a nol every un
usual prominence, as fat the sun i

concerned. In that tme, the flage |

|

""l“""‘ of enough encrgy 1o it thie

top hall mile of North America

arbit. (17.1925% 26,%0)

ER AR}

On Barth, things are still ) e

ing, The hght, of course. reach | Oni

mstruments 4 hitde over eight mun

utes afrer 1t was emitred, T

s

0o



thanks to the nature of the

ting medium, is mostly refracted int

he sun: whart little is ac

the body of

tually bre 1St gets to us ve

ind t letect. (Yes, I did
sa r than 7

The technically inside the
sun's which is not a perfect
1 ransmit hoc
waves
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If noticed, particle counters on
b nward side of the earth star
cking. Strictly \PL.ILLVHZ. th')' have

never been entirely silent, since

steady background of

¢ "radiation” which isn't partic
affected by little things like

solar explosions; but now the coun-
|

rs, and the men keeping track of
them, really start to sit up and take

notice.

Actu
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ly, the counters aren’t regis-



cles straighe from the sun

e ground-mounted ones
the equipment in orbit
much like to know

rually recorded are show

fragments produced in

v"‘;l'\"\lnlk )‘\ collisions
nuclei of atmospheric
ultra-high-speed, ultra-

nuclei which may either

Rockets can get out into space . .

have come from the flare directly or,

more likely, have been produced in

another collision a split
lier. What finally reaches

second  ear-
ne surtace
may be the fifth or renth or htueth
generation descendants of 1l
nal particle (fiftieth seem
likely; target shooting conditions are

¢ Origi-

doesn't

pretty bad ), forming a shower which
may spread over acres. (6)

. but United States rockets

can't, as yet, carry the massive equipment needed for precision
photography. Balloons can carry the essential equipment to 80,
000 feet—and did, on August 17, 1959. This active sunspot group
produced a major magnetic storm on Earth the day before the
flight, causing major disturbances to radio communications, and
a brilliant auroral display. The photographs obtained by the bal-
loon-borne telescope revealed never-before detected detail.

National Science Foundation




National Science Foundation

White dots in center of sunspot are shown clearly for the first time in this
photograph taken 80,000 feet above the earth in STRATOSCOPE | bal-
loon-borne telescope. Less than 200 miles in diameter, these spots are
apparently convection cells of rising gases, hotter than the surrounding
area, but strongly suppressed by the magnetic field of the sunspot. The
long diameter of the black area is roughly the diameter of the earth,

Even so, it is possible to measure imagination notes this, and nods his

pretey closely the direction from head happily. Obviously most of the
which the original particle came, es-  particles started at the same time=
pecially if quite a lot of its descend the time of the flare—from the sun,
ants are spotted; and there seems lit-  and quite naturally the ones with theS

tle doubt on the basis of direction and  hardest kick reached us first. Situg
time that the flare was the original tion well in hand. The things will8
source. /\\ Yllt' minutes go ‘\\y the ]TH[MI'VI'\‘ L:('( P (nming fur Imurs.

particles keep on arriving, bur with They do, but long before the flarg

gradually decreasing energy. The is over the imagination is less smugs
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|n fact, it's tearing its hair. Within
very few minutes, in fact, the nice
- Jefinite direction readings which said
that the flare was the source of the
particles—or  at least, that the sun
was; there’s a limit to the precision of
this cosmic-ray-direction business—
' are starting to scatter. North, south,
east, west and all reasonable combina-
dons of these directions—the source
is spreading. Maybe these late, low
energy arrivals are being scattered by
the atmosphere? Qualitatively sound,
pur quantitatively inadequate—the
suff is starting to arrive on the
pight side of the planet. One particle
might get around there after a series
of collisions, even though each colli-
sion doesn't deflect it much; but
three quarters of an hour after the
flare starts, the night side of Earth is
being “illuminated” by the things as
thoroughly as the sunward side, Try-
ing to blame that on the atmosphere
is like dropping a double handful of
 turkey dressing into a Mixmaster and
' getting out half a loaf of bread and a
. thimbleful of spice—conceivable, but
no one would put much money on it,
. We can't assume that particles of
" non-solar origin are responsible, ei-
F ther; this flood started within a few
minutes of the solar flare, and it's the
I best part of a day afterward before
- the number of arriving particles
- drops back to normal; and chis is the
* usual story—if it were an isolated
“instance we could invoke coincidence,
but that’s out in this case.
. Well, how about gravity? That ac-
' counts for celestial motions in gen-
enil. It's a force that can certainly

GRAVITY INSUFFICIENT

off the ground, though; the slowest o
the particles is traveling ot many
times the escape velocity of the sun,
so that Earth's gravity would hardly
put a kink in its path and even the
sun’s much greater Pu“ can't M‘
drag it back to collide with the space-
ward side of our planet. Poor old
lazy,  conservative  imagination!
What's happening, anyway? Crirics
finding fault with your pictures, just
because of a few blank spaces on the
canvas?

Ics been a rather conceited imagi-
nation, of course, anyway; one which
felt that a couple of dozen pieces of a
thousand-piece jigsaw puzzle were
plenty for judging the nature of the
picture. He could live in this happy
dream world as long as his dozen
pieces were all bits of leaves and
branches, and he could feel sure the
picture was a forest; now, however,
someone has found some blue that
might be either sky or water, and
some yellow that may be desert sand
or possibly part of a campfire, and at
last the imagination has come in with
his ears drooping. He wants a lot
more pieces of the puzzle before he
does any more picture painting; pe
ple are getting too critical of his
mentary efforts. What's this bit of
brown, boss—part of a hat, or is there
a bear stealing something from be-

side the campfire—if it is a )
-—-orishmybepnohm,«




as I thoughe in the firsc place?

Less figuratively, if the particles
received in the last eighteen hours
all came from that flare, why didn't
they all come from the direction of
the sun, as Newton's laws seem fo
say they should? If the downward-
moving material in the prominences
is falling, why isn't it accelerating at
twenty-seven gees? That's whar grav-
ity should do to it. Why, for that mat-
ter, does some of it not fall bur just
hang there? The gravity isn'c that
much weaker a few thousand miles
abeve the photosphere. Why are the
sunspots cooler and quicter than the
rest of the “surface”s Why does a
flare start emitting soft X rays, and
gradually shift to Jonger and longer
waves—sometimes quickly and some-
times much more slowly? (26) It's
not just temperature change, since
the flare isn't hottest at the begin-
ning. Why do prominences which are
raining down ar a steady rate quite
suddenly change to a different
rate? (14) And why, above all, does
a flocculus or quiescent prominence
which has been hanging inoffensively
above the photosphere making its
presence known only by the hydro-
genalpha light it was absorbing, so
that it looked like a dark splotch
against the sun, suddenly run from a
temperature of perhaps thirty thou-
sand degrees Kelvin to—what? A
hundred thousand degrees? Eight
hundred thousand? Two million?
Just what do we mean by these tem-
peratures, anyway? (8)

People have been known to snicker
at Sir William Herschel's belief that
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sunspots were holes in
cloud envelope through
were viewing a darker, co
haps habitable world; th
ics—which didn't exist as a
discipline in Herschel's tim
us firmly that the inner part
sun can't be generally cooler ths
outer since energy is patencly fi
ing from the inside out. s
very well, bur now astroph
speak calmly of photospheric
peratures of six thousand d
prominence temperatures
thirty thousand, and coronal temy
tures running from eight d
thousand in quiet regions up to
million or more in really di
ones. (89,11). Have the la
thermodynamics been repealed?
No, not yet. It’s perfectly possi
by doing the appropriate ki
work in the appropriate place, to
heat energy up in one spot
the “normal” temperature g

leave an energy vacuum. You
ably own a refrigerator and are
miliar with the latter trick, and ye
certainly familiarized yourself w
the former one by lighting a mat
In addition, it's perfectly possi
to have some of the particles
given mass of matter at a higher
perature than the rest—in fact
evitable, since we have come
gard temperature as a measure
kinetic energy of the parti
you never have a mass of
with all its particles moving
actly or even nearly the same
We seem to have two alt



then. Either the high temperatures
. we scem to find in prominence and
~ corona simply represent the tiny frac-
don of their-atoms which would be
'\ noving that fast anyway, strictly ac-
~ cording to probability, or some unex-
plained work is being done.

My lazy imagination makes a dash
" for the first alternative and has to be
. peaten off with a horsewhip. It just
isn't so. There could not possibly be
'~ enough atoms at a million degrees,
4 chr:hng to the observed behavior of
b s clouds, to affect our instruments
" this far from the sun in the way they
L are affected. Hot as the general mass
| of gas may be and is, only a tiny, tiny
percentage of its atoms could be that
* much hotter; and that tiny percentage
. would not make itself known in the
'~ “noise” of their more conservative
| fellows. No, somehow, somewhere,
., work is being done.

" For three centuries now whenever
| there was evidence of work being
done in the cosmos, the astronomer
L has thought of gravity. Work in-
" yolves force and distance; and what
b other force is there? What else is
. holding the planetary system and the
| star clusters and the galaxies togeth-
er? What keeps us and the air we
'\ breathe and the water we sail over
' dinging to this mud speck we call
the earth? And what, for that marteer,
" makes it such a grim task for our
- rockets to get away from it? Celestial
* mechanics has been built on gravity;
“surely there's some way we can im-
agine for gravity to do the work
which is being done here in the sun's
. atmosphere,

IGRAVITY INSUFFICIENT

e
asked can be explained by
friend. A bubble of gas a little hotter
than its surroundings, for example,
will start rising because of gravity and
if it rises into regions of lower and
lower density it can reach supersonic
speeds. That will set up shock waves
whose compression effect can give us
temperatures in the prominence caté-
gory. (9)

If the convection bubble has, say, a
millionth of the mass of the earth,
and reaches a speed of eight or nine
kilometers a second, it will have a
kinetic energy comparable to that re-
leased in a solar flare; all we have to
do is find a large, brick wall for the
bubble to run into, and we can expect
the energy to come out as heat. And
right there, gravity has to move over.
We can imagine a gravity field which
would "brickwall” such a mass of gas
near the surface of a white dwarf star,
but most emphatically not anywhere
near our own sun. I was tempted at
this point to tell my imagination that
his canvas was mostly blank instead
of having just a few little gaps, but
before 1 could get my mouth open
he got his own blows in. Smeone
must have told him that the best de-
fense was an attack.

“All right!” he cut in. “T'll paint the
rest of the canvas. Just get me the in-
formation. Let me know what forces
are acting, and give me equations de-
scribing their behavior, and how
much thete is of everything, and I'll
put da Vinci and Michelangelo in the
shade. Just give me complete infor-
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mation and I'll have the universe on
canvas, not just this dinky little star.”

Sneaky character. After all, it's bis
business to tell me what forces might
be acting, so 1 can look for them after
he’s helped me design apparatus for
the search, When I put this to him,
though, he came back with, "What
have | been doing all your life?
You've been doing experiments your-
self, and reading about other peo-
ple’s. You're familiar with a lot of
forces; I've told you about ‘'em al-
ready. Now get ro work with those
observations and let me relax for a
little while!”

And he's righe, darn him. Back to
the—no, not the lab and observarory,
but the old textbooks. As he says, I've
heard about a lot of forces already;
let’s see if they can be made to do
this work before we try to find any
brand new ones.

There seem to be four principal
candidates: nuclear force ( which may
be a whole family of forces); elec-
tricity; magnetism; and the graviry
we've already discussed.

Nuclear forces are certainly suffi-
cient, as far as sheer intensity goes. In
fact, it's no news in these pages that
they probably account for the prime
driving force of any star. Unfortu-
nately the conditions which seem
necessary to make them available for
outside labor seem to be met in the
cores of stars, not in their atmos-
pheres. (Exception: If you're wear-
ing a luminous-dial warch, there are a
number of fifty billion degree parti-
cles on your wrist—some intense lo-
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cal heating supplied by work da
nuclear forces). It is, of se,
ceivable that nuclear reactions st
lared by unknown means ace
occur on the spot to turn
flocculus into a flare, but there &
no evidence just now for such
sumption and a good deal to be
against it. What we seem to need'|
less a prime source in the atmosph
than methods of transporting
from core to surface, methods |
storing it in some form at or near
surface, and methods for converti
that stored energy quickly into 6
forms when conditions are
Nuclear forces don't seem to
bill.
Gravity, at the other end
line, has been pretty well dispose
already, but deserves another ware
two, It's the feeblest of the
one can really make compari
a common basis. Electricity,
tism, and gravity all seem to
scribed adequately by the inw
square law—that is, the force ¢
exerts can be expressed alg ‘
by F=kXY/r*. Wlnlethex Y
terms are not really comparable, |
mass in one case, charge in and
and pole strength in the th
“k” term for gravity as the e
are usually used is far and |
smaller than the "k” for either
others. In more concrete tel
nickels a thousand miles ap
exert a gravitational pull on eac
er of abour 7 x 10 —= d
the positive and negative
charges in a single nickel w
rated by the same distance



| aurace each other  a fi
about two thousand tons. (.M

ures are rough, believe me; but a fac- /

tor of something like 10% is quite a
difference even with a few slide rule
errors. ) Gravity, it should be plain,
needs a lot of mass around before it
can accomplish much; electricity
doesn't.

The sun, of course, does have a

rremendous amount of mass, bur its
gravity field is a nice, symmetrical,
radially decreasing one excepe for
very tiny percentage variations due to
local differences in density in and
around convection currents. If the
equations we use to describe gravity
. are even roughly correct, its only con-
tributions to solar phenomena are the
core pressures which make nuclear
reactions possible in the first place
and the convection currents we've al-
| ready mentioned.
Electric field, all things being
* equal, seem far more powerful at
least potentially than gravitational
ones. Like the latter, they are inverse
square forces; unlike gravity, they
come in two sorts. Ben Franklin no-
uced this, and decided that like sorts
repelled each ocher and unlike sorts
auracted, which was clever of him;
but I wish he hadn’t called the two
sorts positive and negative. Have you
ever tried to discuss electric fields
. with a batch of ninth graders who
haven't really digested their first year
of algebra? If only Ben had called
them Red and Blue, or Pat and
- Mike g

Bur he didn't and we're stuck with
plus and minus. That's really the
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what we said a little while ago; go
back to my undergraduate days, dig
out the old books, and bring my
imagination with me, The lazy critter
kicked about it, but he came, and
neither of us regrets it.

Here's what we got—in words.
Some day I may be able really to
think and express myself in the far
more terse and convenient language
of higher math, but the day hasn't
come yet.

Some of you have probably amused
yourselves with a little gadget look-
ing rather like a hockey puck which
appears to have the laws of friction
suspended at irs lower surface. It
skates merrily around a table top at
the slightest push with no sign of
wanting to slow down, until the little
CO: bottle inside it runs out and the
flow of gas from the central hole out
over the lower surface stops. Perhaps
you have tried to force the toy down
into overall contact with the table by
main strength; if so, you know what
the word “slippery” really means.
The slightest sideways push and off it
goes. It's like trying to catch a drop
of mercury.

A similar form of amusement in a
high schol physics class is to get a
couple of football players, arm each
with a husky Alnico horseshoe mag-
net, match like poles on the magnets,
and have the boys try to push them
together. Once again, there is large
resistance to compression but none to
any sideward component. The boys
keep skidding the poles out of line,
and if they lose their tempers run
some risk of bumping heads.
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Seemingly, théte is some ag
between a magnetic field and
of gas. Perhaps it is not a very clos
one; analogies can certainly
pushed too far—witness the effe
the Bohr solar-system atom on a
eration of science fiction. One of
chemistry teachers enjoys point
out that no analogy is petfect,
were, it would be an identity ing
We'll keep our eyes open for
nesses, then. One is obvnous e
if we turn one of the magnets o
that unlike poles match, they
together. Comparing that attractio
to a pair of Magdeburg hemisphe
or even Bernouilli force would
straining things pretty badly. 4

Still, the analogy will have its use
There is a force from a confined m
of gas, and from a magnetic fiel
both forces act over an area, so the
furnish pressure; both forces can o
erate through a distance, so they ¢
do work—one thing we nced despe
ately to solve our solar probles
Both, therefore, involve energy.

Fundamental differences seem «
lie in the fact that the gas pressure
nondirectional—it makes no dif
ence where we bore a hole in a ta
of compressed air; out it comes a
way—and will act on any m
whatever. Magnetism is highly dire
tional and is very choosy about
sort of thing it pushes or pul‘ls.i
general, it is interested only in
other magnertic field. Its action on )
electric charge is explamable on th
basis of the magnetic field the charg
itself possesses, and iss action on mal
ter is a function of the larter’s
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. tronic structure and m

charge and magnetism. (4,’5'){v

If we want to make sensible com-

parisons of even paint halfway realis-
tic pictures of either gas cloud or
magnetic field, we must be quantita-
tive. How much energy is in field or
cdoud? Find or invent a formula—
stop sniggering, Imagination—on the
basis of reason or experiment or both.
Which way does the force act? Find
out by experiment, and express it
with vectors, Words actually aren't
enough, as we've already admitted,
but they help; words like “volume”
and "“molecule” and “line of force.”
We can't help using these words in
discussing this subject. The first two
we probably understand fairly well—
at least, hearing them probably flashes
similar pictures in your mind and in
mine; but just what is a line of
force?

To most of us it's probably a pat-
tern of iron ﬁlmgs formed on a piece
of paper lying over a magnet—the
thing our high school science teacher
showed us some years back. To the
mathematical physicist it's a symbolic
convenience with little or no con-
crete picture behind it. Maxwell lik-
ened some of the properties of mag-
netism to a flow, but he made no at-
empt o explain what was flowing
and certainly knew that it wasn't a
very good analogy. When he talked
about magnetic “flux” as being ex-
pressed by so many lines of force per
* unit arca he certainly didn't mean to
. imply that there was magnetism-free
. space between the lines, though I've
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lines out and think of res
rween them m‘hw



While uncharged matter may be
affected somewhat by magnetism, the
real, prime problem is the inrerac-
tion between magnetic fields and the
charged gas clouds of varying densi-
ties which make up the stars, the cos-
mic rays, the aurora, the interstellar
nebulae, and the solar wind that Isaac
Asimov described here a few months
ago. Just what do magnertic ficlds and
plasmas—charged gas clouds—do o
each other?

We have some laboratory evidence,
and even some everyday experience,
on that. Qur plasma may be a group
of hydrogen ions in a cyclotron or a
group of relatively free electrons in
the metal windings of an electric
motor. In either case when the
charged particles are forced to rtravel
across lines of magnetic force they
experience a sidewise kick—a thrust
at right angles both to the lines of
force and to the direction of motion
of the particles. In the first case, the
1ons take up a spiraling motion in the
field, since the push changes direc-
tion just as rapidly as the parricles do;
it the second, the electrons are con-
fined to the limits of the wire and the
force on them is transferred to the
wire and thence the armarture,
which obediently spins (remember
that! ).

These experiments, though, in-
volve too many solids. What happens
if the whole system is gas? Things
might be a bit different. For one
thing, how do we get electric cur-
rents in the spaces between stars?
And with no electric currents how
can we produce magnertic fields?
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We've given away the an
that one, of course. Space isn't
Ten atoms, even a thousand acom:
the cubic centimeter may be a be
vacuum than man has made ye
if any significant fraction of |
atoms are ionized then charge |
travel, If a charge travels, there
clectric current and a magnetic fie
There's no law requiring the ch
to be wrapped in metal. There's
problem in ionizing atoms in
cither, particularly near stars.
are plenty of high energy qua
ready to blast electrons out of
snug potential wells even b

galaxies, and once the clcctrOnﬂ
loose they don't get back in a hu
those densities. Inside a star the de
sities are higher but the suppl 4,
quanta is larger too, so we still ha
ions and electric currents.
tivity is far better here because of §
high ion concentration. The pla
is moving—we've already seen thi
in the sun. There have to be magne
fields. :

afsl

On

Which may not leave us much
ter off, if we don't check the
ment more directly. Once upon a tif
there had to be an edge to the wo
and not too long ago whatever W
up had to come down again, Me
saying what we said about
with two crying needs—to obse
directly those fields which
be” there, and to find a quantitati
checkable means of describing
predicting them and their beh

The latter can be accompli
the laboratory, if you don’t mis
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ing your cxpcrimenu on
and extrapolating, Getting
! wrva(imm] evidence is another
s far our ability to explore space di-  th
rectly with magnetometers is ‘Mﬂ ]
limited. Astronomers are used to sl
suation, of course, About all we've
ever had to work with is light. We're
o bunch of photon pinchers, putting
every bit of radiation we can inter-
cept ||u:)llgh b()()(, thumbscrews llld
ack—pardon me, spectrograph, po-
' rimeter, bolometer, interferometer,
and whatever else our imaginations
culd dream up—in the effort to
wring information from ir. Then we
plaster the poor thing up in a photo-
graphic emulsion and file it away un-
il we can think of some new torture,
But will all this technique, which was
. developed for photons, help us much
in chasing down invisible magnetic atom,
fields? six
The discipline will, anyway. Pho- have som
wns may not be of too much use here, thrown bi
but as we'll see they're far from being '
completely useless; and there are
~ other things which reach us from out-
~ side. They arrive after being shaken,
. twisted, speeded up, slowed down,
deflected, and gcnerally mishandled
by the very fields we want to study,
" because they are charged particles; it
- would be strange if a good collection ~ most
per

~ of Imaginations couldn’t get some them.,
" understanding  of the forces from

their effects—soft soap, you'll no- collid
tice,

These things which may, and as it
wrns out do, help so much are the
cosmic rays, those viciously energetic
arrivals from beyond which were so
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over a large enough area of country-
side to give us a fair sampling, we de-
tect the suicide of the original cosmic
ray by the practically simultaneous
response of most or all of them. The
number and energy of the responses
and the area they cover gives us a
reasonable estimate of the energy of
the original particle.

Of course, particles of the ten bil-
lion bev variety aren't too frequent.
If they were, we'd have a warm en-
vironment. Since temperature is aver-
age energy per particle it is perfectly
reasonable to0 measure temperature
in electron volts, In the room where
I'm typing this article the tempera-
ture is about a fortieth of an electron
volt per air molecule; there can'’t be a
very large percentage of the whop-
pers  described There
plenty of less violent ones coming in

above. are
all the time, though, and the cosmic-
ray flux is one of our sources of in-
formation about the magnetic fields
in the space around our planet,

Ic's a lictle embarrassing to have to
admit that it's almost the only source,
too, as far as interplanetary space is
concerned. Some of our satellites have
carried magnetometric gear, but they
haven't swept out a very large volume
of space so far. Most of the rest of our
magnetic informacion concerns the
sun itself; and here our habits of
photon pinching become useful once
more. The spectroscope and some of
its descendants have given us most of
this information. (1,9, 10, 15, 18, 21,
23)

Some of the information came
from the ragged edge of the sensitiv-
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ity limits of the ecarly im
and the old, simple pic
solar magnetic field is anothe
that Imagination has had to s
most to the canvas. This consi
fairly uniform field racher sin
the earth’s and about twice as
—say, a little over a gauss—d
ble as might be expected pri
in high ladtudes. There were |
irregularities; a suspicion of

definite, powerful  concentrat
around sunspots and sometimes a
not marked by spots. These e
times ran up to several thoust
gauss. The main field was directed:
positely to that of the earth;
the pole near the sun's north
rotation was a north magnetic
The spots were usually bipolar,
the leading spot “north” in one h
sphere and "south” in the other. T
latter situation reversed with
roughly eleven-year half cycle of
spot activity.
In the last few years inscrum
sensitivity has improved enorme
We can now make magnetic
the sun in a few minutes practics
automatically, rather than by I
ously plotting the results of scof
hundreds of individual measures
differenc parts of the solar disk.
result is a much more nearly
ous, and incomparably more accu

pected, in the weak parts of the
field; the sunspot story
about the same. (10)
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It seems that the Mﬂ:ﬂf’
the sun is weaker than was suppose
It is also less uniform, Concentra-
fions running up to twenty gauss or so
«em to be associated with faculae;
much stronger ones, as noted, with
SUnSpOLs. Both of these are bipolu
filds—every north pole has a fairly
dose south one. Each such region
wems to undergo a regular cycle of
Jevelopment,  starting  small  and
weak, expanding and intensifying for
. dme, then expanding further but
growing weaker and finally dying out,

In addition, there are rare but defi-
pite unipolar regions, areas where a
porth or south pole can be detected
without its normal opposite number
in the neighborhood. The presump-
ton is that the emerging lines of
force return to close their loops some-
where, but the area of return is so
large that the field strength—"lines
pc; square centimeter—is too low
o detect. So says my conservative
imagination, anyway; maybe there
rally are magnetic discontinuities,
! though.

A similar phenomenon has o¢-
qured during the last few years with
the general field, In 1957 the field in
the southern hemisphere of the sun
reversed  polarity, while that in the
northern  hemisphere did not. The
 general field appeared for a while to
have two north poles—admittedly
very weak ones. The northern field
didn't get around co reversing until  very rigid.
ite in 1958, The imagination when But they're not
Cuked o picture the detailed solar  either, A small ma
field between those two times simply
sneered. It was a time of sunspot
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of force create the least possible dis-
wirbance of those belonging to s big
brother—until, in fact, the two fields
merge indistinguishably and a good
many of the lines of force thread their
way through both magnets. An entire
field can be moved, too; the sun's and
earth’'s fields travel with them, and
our football players could play carch
with their magnets if we asked them
0. The fields would certainly go along
with the magnets.

But will moving gaer carry mag
netic fields with them? The answer
to that question is not exactly self-
evident, but it's one we can check in
the laboratory. When charged
and magnetic fields occupy the same
space, but have different
which wins? Or is there some com-
plex interaction with nobody win-
mng’

The answers to
lie in a relatively new discipline, or
hybridization of disciplines
has been named
namics. Like
chemistry it is an application of the
vechniques of one field of study o
the problems of another; in this case
perhaps the synthesis is more
plete than in the others. Biochemis-
try is certainly chemistry applied o
biological problems more than it is
bioclogy applied to chemical prob-
lems, but magnetohydrodynamics
cannot so easily be described as elec-
tromagnetic equations applied to the
gas laws or van der Waals equations
applied to magnetic fields, or even
as both with any degree of complete-
ness. Like most disciplines which in-
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motion,
these questions
which

magnetohydrody
geophysics and  bio-

wn-
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tite this one is highly
and its laws are best exp
ematically, often in nasty
differential equarions. It's

sions in words, of course;
possible 1o tell an orchestra
play “Tannhauser” without

not be worth the effort as
there were people around wi
read music. In scientific
has become very worth
make the comparable attempe
plaining an inherently .
cal subject without the mad
That's what I'm doing here, 3
one who thinks I'm trying to &
my ignorance of the math in @
tion is wrong. I'm admicting i€

Roughly, the experi
theoretical results seem to
the following answer to the

and the charged cloud do
There is no simple situation in W
one put and the other:
pushed around, though we can
times .:‘I‘(\ruxvmltc one M ‘
resistance  to being 3
cach exerts a displacing
the other—which in turn
itselt

For the gas—or for that
liquid or a solid—the resist
course its inertia. (Doesn't
nice to have a familiar nas
something, even if we doa't
what it is? ). The gas’ abilicy
part energy to something
pends on its own energy

stays

some
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£ hat 15, the “concer n"
thermal cm'ru.o:m is the f
kinetic cnergy of the particles
powng 1t and whose concentration
| on be called tempersture, and of
e overall energy of motion. That
g if a meteor or gas cloud is travels
nve hundred kilometers per
| with respect to a magnetic
feld and has a temperature of a
| housand degrees Kelvin, both the
v ture and the speed are rele-

For the magnetic field, the equiva:
lents inertia and energy w‘,
rder to picture in  familiag

wrms, which may pot mean that we
sow any less about chem. Th' de-
pend on field intensity, which seems
¢, but not in a simple way;

density of a magnetic
measure of the work

i theorerically be accom-
| nlished by destroying the field—is
proportional to the sqware of the
concentration of the lines Of 'm
] area. That may not be wo
. kinetic energy, after all, is
nal to the square of the

el for matter.
he ficld and the plasma can do
i cach other——can transfer
in other words-—when the
tive motion is at right angles to
of force. This we already
! ?|Outhlghmwm
energy transfer involves a
went of charge in the plas-
ther words, an electric cur-
f uupalthtﬂmdu
kinetic cnergy of the cloud, of the
magnetic field, or of both. I the
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one generating the current. The two
fields exert pressure on each other
which in effect is a pressure on the
inside of the pipe. (I told you to re-
member that motor.) The pressure
depends on the magnetic field ener-
gy, which depends on the square of
the field intensity, as we said. At a
million gauss, the pressure far ex-
ceeds the mechanical strength of the
pipe, and the latter survives at ali
only because of its inertia. Ten mi-
croseconds just isn’t long enough to
destroy a chunk of meral that big
even with as much energy as the
field has. However, the inside dimen-
sions of the pipe may increase no-
ticeably, and there may be some
melting of the inner surface as some
of the energy shows up as random
particle motion—heat. A way out of
this might be to use a poor conduc-
tor for the pipe; but then the capaci-
tor bank couldn’t send such a big
current through it and the field
wouldn’t reach the desired intensity.
It’s the good old vicious circle which
researchers spend so much time and
imagination breaking out of. (7)
Ionized gases, of course, will offer
far less inertial resistance to magnet-
ic pressure than will solids, since as a
rule they are far less dense. In gen-
eral, in this battle between gas and
field to control the motion of both,
the energy densities of the two are
the deciding factor. If they differ
greatly, it may be possible to treat
the stronger one as the "immovable
object” for approximate solutions to
problems. If they are equal or nearly
so, the full complexity of the mag-
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netohydrodynamic equations of
comes into play and the
may not be solvable by
mathematical techniques.
There are some steady-state
tions, as it happens; situations wi
the various forces are in equilib
and a physical picture is fairl
to see. Some of the solar
happily, fits into one or anothel
these; much of it, inevitably,
not. Some of the picture outside
sun, and possibly some well i
fis the “approximate” situ
where one factor overwhelms
other. Let’s get back to the pi
and start Imagination swinging
brush again. He’s been letting
ory do the work long enough.
It turns out that in and for sof
thousands of miles above the phe
sphere the concentration of
and hence the tonductivity,
high. So, to put it mildly, is the th
mal energy of the gas; and so,
least in “active” regions, is the mi
netic field intensity. No approxin
tions here. The energies involved ¢
high enough so that gas and field g
pretty thoroughly glued togeth
Where one goes, at least in
tions at right angles to the lin
force, there goes the othel
course the gas can travel along
lines of force easily enough.
which is the prime mover in a g
case is apt to be a hen-and-egg
lem. Like the hen-and-egg prol
the answer may well lie in
form of evolution, of energy f:
rather than life. .
In the outer corona, at the



b ance of the earth, the
changed. With the most
ssumptions,  the  magnetic
srength  can hardly exceed a ten
| millionth of what it was near the
nspot, with its energy density
down by the square of that factor.
" The gas has lost some density, but
pot so much as the field; it's down to,
say, 2 hundred atoms per cubic cen-
. timeter against something like thirty
" million in the inner corona. Unless
the temperature has dropped by a

' facor comparable to that of the

field strength, then, the gas is going
| 0 hold the whip; and the tempera-
wre hasn't dropped.
¢ Sure, the black body temperature
—the radiation equilibrium tempera-
wre of the hypothetical perfect radi-
ator—at the earth’s distance from
the sun is only about a twentieth of
| what ir is at the photosphere; but
who said this gas was in radiational
L equilibrium? It isn’t. Gases at a den-
b ity of a hundred atoms per cubic
centimeter don’t radiate as black
bodies; they're not enthusiastic about
radiating at all. Furthermore, this
gas is the solar wind, with an -out-
* ward velocity of around five hun-
' dred kilomerers a second; how about
b that kinetic energy? No, we still have
to credit this stuff with a tempera-
tre of several thousand degrees, if
we're trying tO estimate its energy
| density relative to that of the mag-
netic field. In that case, the gas is
the dominant partner by a factor of
something like a million. The sun's
field isn't going to deflect the wind
to any extent. On the contrary, the
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as they |
and finally dm
source where
we check on this? Yes,
ily. (6)
A W!_!ﬂellso we n
cosmic rays, which
particles which have run
of whatever
might be out there '
some information about the
tudes down ro us. We
for a particular cosmic ray
tion, its energy, and its.
is, we can

(Co:rectwn‘ we
formation :buut "ﬁt :

cles we're all right.) |
things turn out to be p ..«
of the ones that aren’t are alp!
—heliumuﬁdﬁ.Abomme’



But devoting our attention to the
first two factors, speed and direction,
what can we learn? Let’s remember
our solar flare—the one we watched
with our imaginations a while ago.
The one that released the energy of
about ten trillion Hiroshima type
fission bombs.

This is about equal to the rotal
energy output of the sun’s surface in
two fifths of a second. Admittedly,
it took the flare over two thousand
seconds to unload all this energy;
something like ten thousand times as
long in something like a ten thou-
sandth of the radiating areca. The
flare was practically a second sun.
More interesting, that load of energy
was more than exists as heat at any
one time in the entire region out-
side the photosphere—chromosphere
and corona combined; and in any
case, there's not the slightest evi-
dence that either chromosphere or
corona were being drained of heat
to feed the flare. However:

Ten to the thirty-third power ergs
is mot more energy than can exist in
(a) a volume of magnetic field of the
size and intensity normally found in
sunspot regions, or (b) as was men-
tioned earlier, the kinetic energy of
a quantity of gas a millionth the mass
of the earth traveling at less than ten
kilometers per second. If we could
dream up a mechanism which would
cause the sudden collapse of such a
magnetic field, we might have our
flare problem solved; but perhaps we
don'’t even need to do that. Remem-
ber our nced for a brick wall in
front of that rising convection bub-
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ble? Imagination is posit
bing his hands with glee;
that bubble must be largely i
It's no trouble at all for

lines connecting the two poles
sunspot or other active area,
part of that arch just has to be’
zontal. The field has energy
rable to the bubble; and there i
brick wall. The gas slams in
arch—possibly even guided
by the more vertical parts of
field—and is abruptly decel
and compressed. The fi
stretched upward like a spider ¥
under the impact of a bumb
and the imagination winces
One forty-kiloton bomb was
enough; a trillion hydrogen bom
are in a different league. :
Of course, there’s a catch or ¢
A flare, according to this pi
ought to be slowing down
watch ir; but things don't alw
work that way. In at least one ca
a knot of material some twel
thousand miles in diameter spee
up in its outward flight from aby
sixty to about seven hundred mile
second within two minutes, (17
Even though this represents 5ol
sort of record performance, abm
accelerations do occur quite of
If we are to make this general i
work, we'll have to assume a f
complications. Maybe the orig
bubble or cell is complex in
ture—not at all unlikely—or ma
some of the energy cycles back i
forth between magnetic and kinet
Maybe we'd better go partly or €



" tirely to the other 1de|-—that the

field itself collapses partly or entire-
ly and contributes its own energy to
the phenomenon. All these possibili-
ties are harder to check, since they
do not represent steady-state solu-
tons of the magnetohydrodynamic
equations of state.

One such solution does help a lit-
tle, though. It gives a picture of the
arches we have just hypothesized,
with a slight sag at the top; and rest-
ing in the sag like a sailor in a ham-
mock is a great mass of ionized gas
—a "quiescent” prominence or floc-
culus. We can at least “set up” math-
" ematically for the impact we'd like.
. The inertia of this flocculus would
contribute to the brick wall effect.

Things are encouraging so far.
There seems at least reasonable
chance of tying observed phenomena
in with theory. Maybe if we check
observations in other directions our
luck will continue. Let's try the cos-
mic rays, since the optical observa-
tions were propitious.

Abour ten minutes after the flare
started—or rather, was observed to
start—high energy particles began
t be detected on the earth. During
the next ten minutes or so, when the
visible aspect of the flare had
reached its peak and was already
subsiding, particles of gradually
smaller energies continued to arrive
from the general direction of the
sun,

As rime went on, though, the ar-
rival directions began to scatter
more and more widely; and by three
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filtered on into extra-solar space

over a period of a dozen

or twa




field instead of the general, low-
density radial distribution; or even
extra-large, low density arches simi-
lar to those we've pictured over sun-
spot extending far out into the solar
system. At the moment, the one
we've pictured seems most nearly
right, but one flare isn't much to
generalize from.

Of course, there have been a good
many flares observed; they are far
from rare, though the really impres-
sive "class 3" exhibits aren’t too fre-
quent. The general picture secured
from these agrees with the one
we've just painted, but details vary
from flare to flare.

The highest energies among the
flare particles seem to be in the ten
to one hundred billion electron volt
range; the really hot end of the cos-
mic ray spectrum apparently origi-
nates elsewhere. At the moment, it
seems unlikely that it originates in-
side the solar system at all; but of
course, there are magnetic fields out-
side the solar system, too.

So far, Imagination's picture has
extended from just below the photo-
sphere of the sun to some unknown
but probably not very great distance
beyond the earth’s orbit, with a cas-
ual admission thar things went on
farther outside, and lip service to the
fact that the whole business really
originates farther snside. The time
seems to have come to make our
tame artist dig a bit deeper.

For that he needs mathematical
tools, since there is no direct obser-
vational help. That's all right; he's
been down there before with the gas
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laws to help. That time
back with the now familia
of a gas sphere steadily inc
temperature, pressure, and
toward the center, finally
conditions where hydrogen
could go on at a rate suffic
maintain the observed en
put. He didn’t pay any att
such derails as magnetism
trip, but that's all right. He can
the same canvas . with him and
add details. Maybe. %

For this trip the mathemy
equipment will have to be the i
netohydrodynamic equatmm'
state, and we can hope some of
steady state conditions apply—
all, the sun isn't too variable
There's a chance.

And, it turns out, quite a
one. We don't have the whole st
yet, because he’s still down
digging; but an interim sketch
sent back is very hopeful, '

It shows a pair of torus-sh
magnetic fields circling the
low the photosphere, rather
pair of bicycle tires, one in
hemisphere, parallel—more or
—to the equator. One is dif
eastward and one westward
the star. Convection currents
of course, to cut across these
and as we've seen, this can not @
slow down the currents but moy
fields. At times, loops of the fiel
actually carried up through the
tosphere, formmg the arches ¥
existence we've already suspel
the arches, as we've seen,



squAShL'LJ a bit by Chﬂgd
seling on top, and thus form pocl
ets to hold up some types of prbmi-
nence.

The supersonic convection bub-
bles which heat the prominences
scem to fit this picture; and such a
bubble rising in a region where the
wroidal field has already been lifred
shove the photosphere could get

more than the usual supply of kinetic

energy before finally encountering
the field. This point, of course, is
ot a steady state and the mathemat-
ical situation is more than a little
shaky; bur it looks reasonable. The
- imagination, which has finally
learned some caution, is now calling
this a “constructive daydream.”

This seems a rather unsatisfactory
| gnd incomplete state to leave the
'plcrurc in, but it's all that can be
done for now. It's almost like cur-
rent history, really. Someone who
has been the indisputed top for a long

time—undisputed among a certain

group, ‘myway——dsuddcnly finds that
he’s not alone. American technology
' in the mind of the average American
- suffered that blow when the first
Sputnik went into orbit; now it's be-
ing suffered by the old master of
celestial mechanics, gravity. Move
over, brother. We know you, and
jou've been a pretty good boss, but
the books aren’t balancing any more
and the work isn't getting done.
Even beyond the littde bubble of
space and time which is the Solar sys-
tem of right now, the need for some-
thing besides gravity is being felt.
All atternpts to account for the spiral
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of the old Kant-LaPlace nek
pothesis. These have always
from an inability to account
fact that abour ninety-nine

of the Solar system's ang
mentum resides in the
while a corresponding
the mass is in the sun.
have been attacked on
that rings of marter



should not coalesce into planets, ci-
ther—not just on the grounds that
Saturn’s rings don't, but on perfectly
good mathematical arguments in-
volving gravity and energy.

Gravity was disappointing there;
but fairly recently Dr. Harold Urey
reconsidered the accretion problem
from another viewpoint. He is a
chemist, and included chemical—es-
sentially, electrical—forces. It was
all very well ro show clearly that two
particles colliding in space will ci-
ther bounce apart or shatter rather
than stick together; but it becomes
bard t believe if either or both
particles happen t be wer

And as far as angular momentum
Roes, why rotating star,
whose magoetic ficld is presumably
rotating with it, start pushing ions in
its vicinity It makes no
difference whether the jons or the
fiecld is moving, ions have trouble
cutting magnetic lines of force in el
ther case. Couldn't a star with a good
deal of gas in its neighborhood start
swinging that matter around it, slow-
ing its own spin in conse-
quence? It would be nice to believe
it, especially for science-fiction writ-
ers, who need extra solar systems in
their business and would like to see
them as someching normal,

can’t a

sideways?

down

In thar connecrion, it seems at the
moment that most of the stars hot-
ter than about F3 in the spectral
sequence have high rates of spin,
while the cooler ones in general do
not. There seems no obvious reason
why a mass of gas too small o form

118

NALOG SCIENCE FACT & FI

have less spin than its fell
thing, the reverse should
least, my science-fiction
agination immediately
that the lers rapidly sp
clouds ought to be the
can collect large amounts

lems. There is a wides|
con among astronomers

stars start out with
amounts of spin, but that
than-FS types have

theirs to nearby objects—
be, planers. The only obvio
in the whole matter is that on
expect the botter stars, wh
sumably have more ionized @
around them from that ven
would have more stuff to
their spin to.
I don't claim that’s an i
obstacle to accounting for
systems magnetically, buc it @
ly is evident that a few more
will have to be clarified
one can justifiably say he
planets are formed.
For that matter, we doﬂt
that all stars have magnetic "
Some certainly do—some
stronger ones than the sun;
recently checked in with t
pears to be a general field of
forty-five thousand gauss (28).
have to learn a bit more, ¢
fore we start applying
based theories to stars in
We've made one big fo
though, if only in our
thought. It may be scientific



~he only way to tell what is ¢
each variable. When we go
wiwal  problems, though,
 jearned abour the separate facto

& behooves us to remember *
there may be several factors acting
at once. | won't insult the m
- al profession by saying that it bad
forgotren there were any forces bue
- gravity: | know it hadn’t, Tt is high
time, though, that we made more use 4
- of what mathematical technigues
there are for dealing with several
variables at once. Electromagnetism
and the gas laws have blended very
nicely—now let’s hybridize a few
more fields of effort,

And let's, for goodness' sake, find
some means of preventing students
from being afraid of higher math.
Id like to be able to do some of
those  magnetohydrodynamic
lems myself; and 1 very much
that I'll ever be able to. If you can
find that method for overcoming
ilgebrophobia, please use it on me,

now!
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