PLASMOIDS

These httle pieces of plasma (a oas of electrons and ions)

are created in the la])oratory with an electrical gun. They

have an unexpected capacity for maintaining ther i(lentity

tries—notably the U. S., Great Brit-

ain and the U.S.S.R.—man is feeling
his way gingerly toward harnessing ther-
monuclear power. The studies are cen-
tered on small “bottles” of hot gas which
correspond to tiny samples of the sun
(though they are not nearly so hot or
dense). The gas is called a plasma. It is
a collection of electrons and ions (elec-
trically charged atoms). The behavior of
this assemblage of particles is at once
very simple and very complex. It chal-
lenges all the mathematical and experi-
mental ingenuity of modern physics, and
it has ushered us into a world of unex-

In physics laboratories of several coun-

by Winston H. Bostick

pected and exciting phenomena. This
article is an account of some recent ex-
periments which have generated remark-
able bodies that we call plasmoids.
The properties of these bodies stem
basically from two familiar phenomena
of nature, both of which, oddly enough,
go back to the same discoverer—William
Gilbert, Queen Elizabeth’s physician,
who will forever be a great name in
physics. In 1600 this imaginative experi-
menter placed an electrically charged
knob of metal close to a flame and found
that the metal lost its charge: the heated
air had carried it away. Thus Gilbert
discovered that a gas (an ionized gas,

as we know now) can conduct electric-
ity. The other physical phenomenon that
governs the behavior of plasmoids is
magnetism—a field in which Gilbert was
also the first experimenter. Ionization
and magnetism combine to produce
what have recently become known as
magnetohydrodynamic effects, and plas-
moids are a magnetohydrodynamic phe-
nomenon [see “Electricity in Space,” by
Hannes Alfvén; SCIENTIFIC AMERICAN,
May, 1952].

r | Vhe late Irving Langmuir of the Gen-
eral Electric Company began to study
plasmas as long ago as 1921. Plasmas,

TWO PLASMOIDS are fired at each other in a vacuum chamber
containing a strong magnetic field. The initial bursts from the
guns are marked by the bright spots at left and right. The lu-
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minous streaks are the subsequent paths of the plasmoids. It can
be seen that they repel and veer away from each other, so that
each of the strange gaseous shapes retains its separate identity.
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of course, are nothing new: whenever we
look at a neon sign we see a plasma. It
is produced by an electric discharge,
which knocks electrons from the gas
atoms in the tube; the released electrons
collide with other atoms and produce
more ions. This process continues until
there are enough liberated electrons to
make the gas a good electrical conductor.

Langmuir was interested in learning,
among other things, the energy of agita-
tion, or “temperature,” of the electrons.
The wall of the neon tube is cool, and so
are the ions and gas atoms in the tube,

because comparatively few atoms are
ionized and the ions quickly distribute
their energy among the neutral atoms.
But the electrons are so much lighter
that they lose little energy in rebounding
from the more massive atoms or the tube
wall. By ingenious experiments Lang-
muir measured the electrons’ tempera-
ture and found that it amounted to about
20,000 degrees Fahrenheit—about twice
as hot as the sun’s surface.

This high figure explains the interest
in plasmas on the part of physicists who
are now studying the possibilities for

FORMATION OF PLASMOID is diagrammed schematically. In drawing 1 a burst of plasma
emerges from the electrodes of an arc gun. The gray arrow shows direction of current
flow in the ionized gas. Loop enlarges (2) and breaks off (3). Black circles around the
doughnut-like body are magnetic lines of force set up by current in the plasmoid itself.
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achieving controlled thermonuclear fu-
sion. To fuse atoms of deuterium (heavy
hydrogen) on a large scale requires a
temperature of about 300 million de-
grees centigrade. Such a temperature is
far beyond our reach in the laboratory,
nor could a dense gas at this temperature
be contained by any method we know at
present. But for exp]oratory experiments
it should at least be possible to raise a
plasma to a temperature of scores of
thousands of degrees, and the plasma
can be contained if its density is suffi-
ciently low.

The difficulty is that in a low-density
gas, energized ions and electrons do not
collide with one another often enough to
raise the temperature greatly; instead
they lose their energy in collisions with
the walls of the container. But as every-
one who has followed events knows, a
beautiful solution to this problem has
been found. It is the magnetic “bottle.”
Within a magnetic field, which swings
the electrified particles in circular orbits,
the plasma can temporarily be held in
thrall as tightly as by any material con-
tainer. The electrons and atoms collide
only with one another, and the plasma
becomes fully ionized.

ln the University of California Radia-

tion Laboratory at Livermore and at
the Stevens Institute of Technology we
have been studying magnetically con-
fined plasmas with the help of a special
plasma gun. It generates a plasma of
deuterium, the potential fuel of theymo-
nuclear fusion. There are two electrodes,
made of titanium with deuterium atoms
absorbed in them [see diagram at left].
A pulsed arc current of several thousand
amperes, each pulse lasting about half a
microsecond, is passed across the gap
between the electrodes. This high cur-
rent evaporates electrons and ions from
the two electrodes. It also generates a
magnetic field which, like a girdle,
pinches the plasma into a slender col-
umn. The special feature of our gun is
that the plasma emerging from the two
“mouths” is bent into a loop, and it fires
doughnut-shaped blobs of plasma. Just
as, when a spring is bent, the turns of
the wire are crowded closer on the in-
side of the loop than on the outside, so
the magnetic field lines of the loop of
plasma emerging from our gun are more
crowded on the inside than on the out-
side. The strong magnetic pressure on
the inside of the loop blows the plasma
forward at high speed—up to 120 miles
per second! Considering that the gun is
smaller than a thimble and that the driv-
ing energy stored in the capacitor is only
six joules—no more than is needed to
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MOTION OF CHARGES in plasmoid moving across a magnetic field is seen in two frames |
of reference. In laboratory frame (left) the black arrow indicates motion of the loop across
a magnetic field directed vertically up from the page. The gray arrow (E:) shows the elec-
tric field produced by separation of charges. The upper curve is path of electrons; the
lower curve, path of positive ions. In the plasmoid frame of reference (right) E. is
offset by the charge-separating voltage E;, and the charges have simple circular orbits.

light a six-watt bulb for one second—
this is a truly remarkable performance.
A velocity of 120 miles per second for
deuterium ions represents a temperature
of four million degrees. It suggests that
with larger plasma guns of this kind we
might begin to approach thermonuclear
temperatures.

The velocities of the plasma bodies
shot from our gun are comparable to the
speeds of stars in galaxies and of flares
shooting out from the sun. It seemed
worthwhile to follow up the analogy.
Would the high-speed plasma serve as a
kind of laboratory model to throw light
on the magnetohydrodynamic processes
operating in the universe? We have stud-
ied it from this point of view, with what
seem to me interesting and significant
results.

et us see first what happens when we
fire a piece of plasma into a vacuum
under an external magnetic field (that
is, a field applied from outside the plas-
ma itself, which is bottled within its own
self-excited field). Although the plasma
darts through our chamber at a speed in
the neighborhood of 120 miles a second,

fortunately it leaves a luminous wake
which can be photographed with a high-
speed camera, so that we can see its
track. Now we would expect the elec-
trons and ions in the plasma to be thrown
into circular orbits as soon as they enter
the externally applied magnetic field, so
that the plasma would not move more
than a very short distance from the gun.
But the camera discloses the somewhat
shocking fact that the plasma crosses the
magnetic field with ease! How does it
get through the field?

To follow our explanation the reader
is advised to consult the accompanying
diagrams [above]. As the plasma starts
to move across the magnetic field, the
electrons curve upward and the positive
ions downward. This effect essentially
produces an electromotive force, just as
copper wires moving across a magnetic
field do in an ordinary d};namo. An elec-
tromotive force can be thought of as the
electric pressure exerted by an electric
pump. If there is no outlet (such as an
electric toaster) for the pump, no cur-
rent will flow. Similarly this little piece
of plasma has no outlet in the vacuum
chamber, and no current can flow. Its
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PLASMOID STRETCHES into a cylinder as it travels through a magnetic field. In this
drawing the travel is in a straight line away from the gun at upper right. Curved arrows
show direction of the plasmoid’s spin; heavy gray arrow gives the direction of the field.

MUTUAL REPULSION of approaching plasmoids is presumably due to a strong magnetic
field created between them. In this diagram a pair of plasmoids avoid each other, the plas-
moid from the left moving up and the plasmoid from the right down as they approach.
The magnetic field arises from a current (oval broken line) produced by the plasmoids’ in-
ternal electric fields. The resulting magnetic field (light straight arrows) adds to the external
field (heavy arrow) in the space between the plasmoids and subtracts in the space outside.
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pump pushes against closed valves, so
to speak, and merely creates an electrical
pressure opposing that of the pump.
Within the plasma frame of reference
the direct and opposing electric fields
cancel each other, and the magnetic field
swings the electrons and ions in perfect-
ly circular orbits. But from our outside
point of view we can see that the op-
posing electric field (Ez2), in conjunction
with the magnetic field, moves the or-
bits, so that the plasma travels across the
magnetic field. The particle orbits trace
a track such as a marker at one point
on the edge of a merry-go-round would
leave on the ground if the merry-go-
round were dragged along by a tractor
while it was turning.

Apparently some ions and electrons in
the plasma, escaping the full effect of
electric field E,, stay behind in station-
ary circular orbits. These ions and elec-
trons recombine and give off light. Their
luminous tracks are, in a manner of
speaking, the funeral pyres of the parti-
cles which were sacrificed in laying
down the electric field E, so that the
main body of the plasma might pass
across the magnetic field.

We can actually draw current from
the primary electric field produced by
the little dynamo contained in this plas-
ma. If we put two small stationary
probes connected by a resistance in the
chamber (equivalent to plugging in a
toaster), we get a pulse of current of
about one ampere as the two regions of
the plasma pass simultaneously over the
probes.

Further measurements with probes
show that the plasma forms an ever-
elongating hollow cylinder as it pro-
ceeds across the magnetic field [see
upper diagram at left]. It is to this type
of plasma—a self-generating, shaped
body—that we have given the name
plasmoid. And plasmoids, under labora-
tory manipulation, display some fasci-
nating behavior.

WThat will happen if we fire two plas-
moids at each other from opposite
directions? We might suppose that when
they meet their transverse electric fields
will cancel each other so that both plas-
moids stop dead. But in fact they bounce
off each other like billiard balls! Appar-
ently each dynamo acts as an outlet or
short-circuit for the other, and a sub-
stantial current (several amperes) flows
briefly. The current gives rise to a
“cushion” of high magnetic-field pres-
sure between the two plasmoids which
pushes them away from each other.
Occasionally two plasmoids crashing



PLASMOID TWISTS when it is fired into a gas which slows it netic field. The ellipses give direction of the magnetic field pro-
down. The helical arrows give direction of plasmoid’s internal mag- duced by the plasmoid around itself and the direction of its spin.

s

PLASMOIDS MAY LINK TOGETHER if they approach each internal magnetic fields. In this diagram a pair of twisted plas-
other in such a way that they can interchange portions of their 'moids meet one another head to head, blending into a new unit.

RING IS FORMED when a pair of twisted plasmoids meet head magnetic forces which exist within this ring-shaped structure, it
to tail, thus joining together at two points. Because of the electro- subsequently twists itself around its mid-point, forming a figure 8.
9l
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LOCATION
FACTS

New York State
labor leads the
nation in:

Stability: Year after year, on the
average, it loses the fewest man
hours (per hours worked) due to
work stoppages.

Adaptability: It staffs the widest
variety of shops, plants and fac-
tories in the nation.

Productivity: Being well educated
and mature, it turns out at high,
steady rates finished products
worth more than those produced
in any other state.

*

Before you decide on a new plant site,
what other labor data do you need?

® Availability...
by skills
by sex
by age groups
® Prevailing wage rates...
® Local management relations?

The New York State Department of
Commerce stands ready with a pro-
fessional, long-experienced staff to
give you a tailor-made analysis of the
labor force in any New York State
community.

*

But labor is only one of your factors.
What about

... markets...transportation

...components...raw materials

...sites and buildings. .. power

..water...fuel...financing?

Let us answer your questions. Write
for “Industrial Location Services,” a
free booklet that tells what we can do
for you. Send your request to me at
Room 670,112 State Street, Albany 7.

A /4 If;-"

EDWARD T. DICKINSON
Commissioner of Commerce
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} SPIRAL GALAXY SHAPE is produced when four plasmoids are fired simultaneously

through a magnetic field toward a common center. The field is perpendicular to the page.

head on break into fragments, but even
these fragments seem to behave as en-
tities. In other words, we appear to be
dealing with bodies which have strong
powers of self-organization and preser-
vation. We find these powers still more
strikingly demonstrated when we go on
to further experiments.

Suppose we fire a plasmoid not into
a vacuum but into a thin gas. We in-
troduce into the chamber a little deu-
terium gas, amounting to a pressure of
about one micron. Now when a plas-
moid is fired into the chamber through
a magnetic field, the gas, which becomes
somewhat ionized by the firing, allows
current to flow. The current slows the
movement of the plasmoid and also

twists its path and its shape. When we
fire four (or eight) plasmoids at one
another from different directions, upon
meeting near the center they whirl and
form a ring with spiral arms [see photo-
graph above]. The formation looks strik-
ingly like a photograph of a spiral gal-
axy. If we fire two plasmoids at each
other head on, they form an S-shaped
figure resembling a “barred” spiral gal-
axy [see photograph below].

Just how are these interesting shapes
formed? We can explain them on the
basis of complicated interactions be-
tween the plasmoids and the magnetic
field, which are diagrammed here for
readers versed in electricity and mag-
netism who may be interested in the

BARRED SPIRAL results when two plasmoids are fired at each other. The photograph
at the top of the page is a time exposure; the one at bottom is a two-microsecond “snapshot.”
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. thelist is endless! Copper

For regardless of product-size, the outstanding
properties of Copper function efficiently. Electrical
conductivity . . . heat transfer . . permanent rust-
lessness and excellent workability . . . these are some
of Copper’s great gifts to American invention and
production.
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PAIRS OF RINGS, moving in opposite directions, may be formed by the merging of sepa-
rate looped plasmoids as indicated in these drawings. Helical arrows show direction of the
internal magnetic fields; the heavy gray arrows, the direction of the external field. Broken
gray ellipse represents the center plane between the rings, from which each moves away.
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mechanism [see diagrams on page 91].
A barred spiral, it appears, may be
formed by plasmoids joining head to
head; a ring spiral, by plasmoids join-
ing head to tail. When the ring is oval-
shaped, part of it flips over and forms
a figure 8.

Photographs of plasmoids in three
dimensions show that as a plasmoid
moves across the magnetic field it is
twisted into the shape of a left-handed
screw [see diagram at top of page 911].
It is amusing to speculate on the pos-
sible relation of this fact to the recent
breakdown of the parity principle, when
it was found by particle experiments
that the matter of our universe has a
preferred left-handed spin [see “The
Overthrow of Parity,” by Philip Morri-
son; SCIENTIFIC AMERICAN, Aprill. If
we reversed the poles of the magnetic
field and the sign of the current in our
plasma gun, our plasmoids would be
right-handed instead of left-handed.
The tempting speculation is that the
matter of our galaxies may have been
formed under the influence of vast
galactic magnetic fields of one predomi-
nant orientation, which gave our matter
a left-handed bias.

Under certain conditions our plas-
moids form a pair of rings, which
do not stay in the center of the chamber
but move away from each other in op-
posite directions [see diagrams at left].
We believe that these rings are basically
similar to magnetohydrodynamic whirls
which, according to Alfvén, are appar-
ently formed in pairs in the interior of
the sun and may be responsible for sun-
spots. However, our plasma rings are not
whirls in a fluid but are separate, inde-
pendent “bodies.” As such they repre-
sent a form of ordered organization by
nature of which we have not been fully
aware until now. Here is a case of elec-
trons and ions collaborating with a mag-
netic field to form bodies which, though
inanimate, assume orderly, characteris-
tic shapes and possess a firm integrity.
We can look upon the combination
of plasma and a magnetic field as a kind
of self-shaping putty. Perhaps study of
the forms assumed by this putty may
help us to understand configurations
such as the stars and galaxies. It may
also throw light, at the other end of the
scale, on the construction of funda-
mental particles such as the electron,
the proton, mesons and neutrinos. They,
too, may be made of a self-organizing
putty: a putty composed of the electro-
magnetic field and its own gravitational
forces, which, working together, create
the bodies we know as particles.
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Norton ROKIDE* coating may aid in
launching the satellite at the end of
its final rocket ride — 300 miles high

In the Defense Department’s Project Vanguard, a
three-stage rocket is planned to carry a shining satellite
into an orbit hundreds of miles above the earth. The
third and last stage of the rocket will reach approxi-
mately 18,000 miles per hour when it releases the
satellite 300 miles above the earth.

One of the third-stage rocket engines being tested for
Project Vanguard — and successfully flown last May 1st
— was manufactured by The Grand Central Rocket Com-
pany of Redlands, California. To help contain the terrific

energy release required to reach this supersonic speed,
the tnside of its nozzle is protected with ROKIDE “A”
aluminum oxide coating applied by the Metallizing
Company of Los Angeles.

Besides ROKIDE “A” other Norton ROKIDE spray
coatings include “ZS” zirconium silicate and “Z”
zirconium oxide. All are hard, adherent crystalline
refractory materials. All can be applied to base ma-
terials, particularly metals, of a wide variety of shapes
and sizes.

Parts on which ROKIDE coatings are especially use-
ful are those requiring thermal or electrical insulation
. . . refractoriness . . . resistance to wear or corrosion
. . . high melting points . . . excellent mechanical
strength . . . dimensional stability . . . relative chemi-
cal inertness.

Proved in such critical applications as reaction
motors and some A.E.C. projects, ROKIDE coatings are
also of great value to general industry. Other Norton
high-purity, chemically-stable refractory materials are
helping industry to break through the thermal
barrier.”

Facilities for applying ROKIDE coatings are available
at Norton Company, Worcester, Mass., and Santa
Clara, Cal,, and at strategically located licensee
plants. For complete facts, write to NORTON COMPANY,
Refractories Division, 549 New Bond Street, Worcester
6, Massachusetts,
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- 2000 Machine

These completely automated honing machines finish to
mirror smoothness cylinder walls of up to 100 V-8
engine blocks per hour. They’re located in one of the
Michigan plants producing one of America’s most
popular medium-priced cars. Machines and entire
plant are protected by Mobil Correct Lubrication.

Mobll SOCONY MOBIL

Leader in Lubrication for over 91 years



in the Automotive Industry

Production Hours Saved

6000 REPAIR MAN-HOURS ELIMINATED!
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Correct Lubrication

Two of many cost-cutting benefits achieved by
this leading automobile company with the help of Socony Mobil

The machines used to produce this automobile
company’s V-8 engines are so complex and closely
interlocked that the failure of one small part may
result in the shutdown of an entire production line.

That’s why company management recommended
the adoption of a planned lubrication program . . .
decided on the depth of service offered by Socony
Mobil Correct Lubrication. Under this compre-
hensive program, plant personnel and Mobil en-
gineers coordinated their efforts so effectively that
the size and number of maintenance savings have
significantly added to company profits.

To cite one example— After surveying 650 hydrau-

lically operated machines in this company’s axle and
motor plants, Mobil engineers noted use of 8 differ-
ent hydraulic oils. Their varying performance caused
excessive downtime, constant repairs, short oil batch
life. Minor machine modifications suggested by Mobil
engineers permitted use of a single wide-range high
quality Mobil hydraulic oil. In just two years, this
change made available 2000 additional production

hours . . . eliminated 6000 repair man-hours . . .
saved 10000 gallons of oil.
* % *

Here’s another example of Correct Lubrication in
action...proof that it can pay to rely on Socony Mobil.

More Savings—made with the help of Socony Mobil Correct Lubrication

This chart gives some idea of the extent and size of
savings achieved through the knowledge, service,

facilities and quality products available through
Mobil Correct Lubrication.

Machine Production Machine Repair Repair Parts Savings
Hours Saved Man-Hours Saved Saving Period
Hydraulic Systems 2000 6000 Not Recorded 1953-55
Trio Nut Runners 138 276 $1610. 1952-55
Air Wrenches

(Motor Assembly) Not Recorded 188 Not Recorded 1952-55

Bullard Chucks 82 328 Not Recorded 1952-55

Baifdis YeeRbiiig=at Not Recorded Not Recorded 87%% 1952-55

Bearings .

Keller Air Hoist Not Recorded 276 $8970. 1952-55

Ex-Cell-O Cylinder 100 800 $8750. 1952-55
Boring Machines

A proved program to reduce
equipment maintenance costs

SOCONY MOBIL OIL COMPANY, INC,, and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC.
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Janus Comes Down To Earth

RoMAN MYTHOLOGY’S guard of the gates of Heaven was a craft, hazardous from safe terrain, meaningful signals
concept which anticipated the many-sighted eye of today’s from noise —to name only a few uses. We have for you
color display tube. Color designation in display of micro- a brochure on industrial and military applications of the
wave information increases our ability to differentiate Lawrence single-gun color display tube. Included in the
moving from stationary objects, enemy from friendly air- brochure is an explanation of Post Deflection Focusing.

LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA

Plants and Laboratories in California, Maryland, Indiana, Utah and New York

DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE SPACE SIMULATION RESEARCH
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