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Dean, faculty members and students.

I come to vou with a great deal of pleasure to
say a few words about a subject that I find very
interesting and I hope that perhaps you will find also.

1 would like to present some material perhaps in
a more general way than implied in the title as
given.

1 would ask the indulgence of those of vou who
have already studied plasma physics, as [ know you
have a very fine faculty member who is interested
in the study of plasma physics.

Now before even writing down what a plasma is,
i think vou should know that fully 99%,
is made up of

greater
than 99% of the whole universe,
matter in a plasma state.

The sun, all stars, and all matter outside of the
earth as we know it are really composed of a state
of matter called plasma. As vou well know, of
course, that we have the liquid state, gas state,
solid state and it is fashionable to think of the
plasma sometimes as a fourth state of matter.

In a formal sense, a plasma can be considered as
a hot gas with appreciable jonization it really
exhibits the properties of a gas and sometimes the
properties of a fluid, but it is unique in that it
consists almost entirely of charged particles.

If, by some process we slip an electron from an
atom, the atom will remain in a positive or ionized
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state and a group of these ions or elections is what
we refer to as a plasma.

Before talking further about the nature of a pla-
sma, I'd like to just show you that you have a
frame of reference. I'd like to mention a few man-
made and naturally occuring plasmas that you can
recognize, aside from the sun. The simple current
arc, and the fluorescence arc are plasma sources
with variations. of course, in the properties of pla-
smas as [ will indicate; and there are other exam-
ples.

To show that a current arc is indeed s plasma,
onc need only to open a switch in a conventional
and if before hand

the switch is placed in a magnetic field you will

inductive circuit to get an arc,

observe that the arc actually moves diagonally or
at right angles to the current flow.

As a matter of fact, the simple application of
this principle is used in the so-called “plasma circuit
braker” or “magnetic circuit braker”, that is, the
magnetic field is present to divert the arc

I started to call your attention to a hot gas.
Actually to a plasma physicist or an electrical
engineer working in plasma physics, hot gas corre-
sponds to something quite different from what we

normally think of. The temperature of a gas in
3
10
of an electron volt and since 1 ev is 10.000°K we see

order to qualify as a plasma, is approximately

we're talking about a temperature of 3,000°K. This,
however, for a plasma physicist is a cold plasma.

A hot plasma to someone who's studying in this
area is one that has a temperature something like
10 ev or greater.

This type of plasma is the type necessary for
“controlled fusion” as I will illustrate later for you
need temperatures hotter than the interior of the

sun. So then hot gas at 3,000°K it’s still fairly hot



but to someone who is classifying or studying
physics it’s called a cold plasma.

A highly ionized plasma would be perhaps 99¢
ionized and in this type of plasma the jons would
be universal and so, in one sense, neutral.

Now here perhaps we can get some sense of the
difference between gases that are slightly ionized
and others that are highly tonized.

Historically, it was Erving Langmuer at G.E. in
America who in about 1920 first started to study
slightly ionized gases because fluorescent lights are
discharges, and classify as slightly ionized gases. It
wasn't until 10 or 15 vears ago that a great deal of
interest was shown in highly ionized plasmas, the
reason for which I will now mention in a qualitative
way.

Recall that with a slightly ionized plasma 99%
of the plasma is made up of neutral highmass par-
ticles. Therefore in attempting to analyze the
behaviour of a plasma the analysis is greatly
complicated by the fact that you must consider
collisions. There are a great number of collisions
of electrons with large neutral particles. This is
a very complicated mathematical phenomenon to
handle.

If one is looking for very high temperatures in
order to bring about such an exciting process as
controlled fusion, I will discuss this later. However
for high temperatures, one needs to heat the elec-
trons and ions, that is, to accelerate them and cause
them to move fast and therefore energy must not
be expended or wasted in collisions with neutrals,
so if one requires a very hot plasma one must have
a highly ionized plasma with few collisions.

Thus we have the difference between the physical
phenomena involved in the two types of plasma.
Now fortunately for those of us in electrical engin-
eering and plasma physics who are interested in
theoretical and experimental verification of plasma
investigations, it's a lot easier to handle this analy-
tically than the highly collision dominated tvpe of
plasma. However, it's not so easy either, because
let us consider what we have. We have a cloud, a
mass of charged particles plus and minus in motion.

These particles are, as they move, by definition,

currents and if they move fast enough, currents
produces electric fields, oscillating electric fields
produce magnetic fields, magnetic fields produce
electric fields; you can see that this is, a very com-
plicated cyclic situation.

In order to analyze the plasma theoretically one
18 faced with Coulomb forces, that is forces of a
type of charge times the electric fields; one must
deal with magnetic forces; and one must deal with
initial forces. And when one wishes to describe the
behaviour of a plasma one uses one of the middle
school formulas: F=mea and to describe the force
or the force in terms of acceleration with all these
forces put in and you combine this equation with
Maxwell’s equation, because this tells us the relation-
ship between electric oscillation and magnetic fields
for electric currents and magnetic fields, so you
need a self-consistent sclution to this equations in
order to completely analyze the plasma. And it's
not simply a matter of taking a simplc particle
because you see really a plasma is made up of
many particles each of which is at a different
position in space, traveling at a different velocity
at the some time.

So vou must strictly describe a plasma in terms
of a distribution function at some point with
velocity » and as time £. I will not carry this any
further but this will give you some feeling that
you must deal with probability when you analyze a
plasma. You must use constants of probability
because particles have some sort of distribution
which is like the Maxwell’s force distribution, for
example in velocity space there are distribution
functions in velocity space. Any way if one is inter-
ested in describing the propagation of electromagne-
tic waves, that is an oscillating electric field, in a
medium consisting of charged praticles it's obviocus
that there will be a great effect upon a wave that's
propagated in a plasma medium.

And the way we describe this in simple form it
turns out that for any magnetic field not equal to
zero that at no external point the magnetic field
will be zero.

For emphasis let me point out that the dielectric

constant depends upon frequency. At certain frequ-



encies an object may look like a conductor, at
certain frequencies like a dielectric. In the case of
a plasma zero may not equal zero, that is, suppose
we apply a magnetic field and D C field to a pla-
sma and discuss the propagation of waves. Then
vou must consider another mathematical frequency
called in the plasma field the Cyclotron frequency.

So vou can see things get very complicated but
in principle, if one wishes to disuss propagation
of waves into the ionosphere. One must express the
ionosphere dielectric as a constant in terms of some
complicated function of density ard magnetic field.

I would like

plasma,

now to discuss applications of a

The first application is MHD. This is an applica-
tion of plasma medium. When the plasma is such
as to be represented as a fluid, this type of a
dominated. An MHD 1s a

voltage with no

plasma is collision

method of generating rowating
rotor, so this a method of generating voltuge
making use of the fact that plasma is a condu-
ctor with no rotating conductors and the simpie
principle is as folluws: north pole south pole streams
of plasma moving at velocity v, since the plasma
consists of positive and negativecharges, let’s cons-
ider the positive charges, this means current is
passing through magnetic field with the result that
there wiil be a voltage set up at right angles. This
is just equivalent to the rotor of a motor rotating
through a magnetic field only in this case gas
streams pass through the magnetic field producing
voltage at right angles. This MHD generation is very
interesting and potentially very important. Particul-
arly for such applications as so called topping appl-
ication. For example with a neuclear reactor instead
of throwing away used heat, one can use it
fonize gas which you pass through a magnetic field
and generate DC voltage by putting electrodes on
either side, connccting these electrodes in series or
parallel and using this as a DC gencrator. There
are many Interesting problems remaining.

The second application is propulsion. If we are
interested in traveling in outer space as some people
are now and we wish to travel long distances

far from the gravitational field of the earth, the

amount of force necessary on the rocke: is very
very small for a modest size rocket, measured in
terms of ounces of thrust.

So, if it would be possible to create a jet engine
with small thrust that could last for many years
perhaps this would be interesting and a simple
rocket like that would be made up of some kind of
plasima source. Let’s say here’'s a plasmz. Let this
be minus charge. These are accelerating «lectrode:
minus, so that heavy ilons are accelerated out the
exhaust of rocket and result in a very slight push
in the opposite direction.

So a plasma source with accelerating clectrodes
causing ions to accelerate and exist out the rear of
the rocket produce a force this way, a very smal!
force but enough.

The third application is study of varicus pheno
menon. Let me insert the term extra terrestrial. Does
anyone know what extra terrestial means? Extra
terrestrizl mecans phencmenon away frome arth,

xtra-in space-fancy way of saying in spsce, extra
tervestrial.

Another interesting study is the so-colled solar
wind siudy, that is, the sun-earth magneiic field.

There alwavs is a wind traveling at velocity ¢ of
ionized gas traveling from the sun (o tie earth.
this is called the solar wind. During certain times,
during "times of sun spots, iatense solar activity
oceurs and this causes a varying wind.

This wind action compresses the magnetic field
on one side of earth and extends it on other side.
Well there are a few phenomen associated with the
solar wind. For example with very sensitive magn-
etic instrumenis. one can siudy the effect of this
plasma on the osciliation of the magnetic field at
one position.

Number two. plasma streams hitting the magnetic
field lines steps up oscillations and instability which
propagates sound, the field lines can be defected
near the pole. Low frequency, strange, low frequ-
ency radio signals receive down ficld lmnes are
associated with this solar wind.

Number three. the electrons coming in from here,
traveling straight down into polar regions give rise
to the so called northern lights.



They're bright lights in the heavens due to the
electrons coming from outer space coming in on
magnetic fields, in the vicinity of the north pole.

In northern America, sometimes we can see on
bright nights lightning flashes and stars which start
us, towards the north. Can vou see that here, som-
etimes ?

I was at sea during World War II, and very often
way out at sea with only dark heavens, you could
see intense flash of light toward rorth pole. That's
caused by this type of phenomenon.

Now I would like to slough for you a vast progr-
am which is all over the world on cold thermo
neuclear fusion. | spent one year leave at Prinston
University where a great deal of study is going on
this aspect of plasma physics and I did experiments
on propagation of electromegnetic waves in a large
laboratory for plasma machines.

What is meant by fusion? You all are very fam-
iliar with fusion and of course the A bomb, the
explosion associated with fusion and the spliting of
uranium. We all realize that this has been con-
troiled with heavy water and in other ways in atomic
reactors in the US and vou will build one herein a

few vears. Fusion force involves the so-called

H-bomb,

combination of light elements plus other elements.

And fasion of course deals with the

This of course 1s many orders ot magnitude more
powerful than the A-bomb.

Wouldn't it be wonderful if we could control
peacefully this energy of the H-bomb like we do
this energy here (A-bomb)? Tremendous energy is
attained for example in the USA in Florida, New-
york, Hallvwood, Chicago, Mississippl etc.

One thermo neuclear plant, with one fuel loading,
could supplyv all the peace cost of America.

Onc power station in this industrial heart of
America to the Mississippi river and you have some
idea of industry in America, one plant to control
this supply, this whole amount of electricity.

You won't worry about that. By the time this
comes about, this will be solved too. So it would
seem that one should study the possibility of contr-
oling a plasma that’s number one motivation. Num-

ber two motivation is that people don’t understand

plasmas anyway and there’s a lot of experimental
and theoretical research to be carried out.Three
difficulties are heat, density and time.

The plasma source, of course, this s a high
tempearture phenomenon in any gas that becomes
ionized. Then you have a plasma so we talk about
hot plasmas. Hot plasma, this hot plasma must reach
temperatures of greater than 100 ev that’s millions
and millions °K.

The density of the gas must be greiler than
around 10190 107 cm? particles and the time for reac
tion must be in milliseconds.

So  the principle problem iz hot gas. millions
°K one cannot contain plasma in a cylinder as
in a boilder or something. So you must find
other ways to contain hot gas while the reaction
goes on for milliseconds. Well studies ail over the
world are going on an containing gas and they all
involve variations on the following principles: ma-
gnetic fields, plasma zero tend to stay on magnetic
field lines,"so that if I had a contain with walls
and suppose I put some sort of a diepole here sc

then if 1

the plasma would stav

that plasma wholly went up to diepole,
had strong magnetic fields,
in the magnetic field and not here, away from the
wall.

Now in Japan, in Russia, in lwaly, France and i
several places in America, studies are going on with
various devices to do this irick.

This was not designed to conirol fusion but only
a step toward control fusion. Many many problems
are or yet unknown, but this hopeis possible and
we hope that within ten years the solution wiil
completed.

My studies involved in the laboratory fundamental
studies of propagation of microwaves. Of course
that is to study the temperature of plasma and
propagation characteristics.

I'd like to thank vou again for your kind attenticn
and to tell vou that it was a great privilege for me
to come to this university and meet with your
youngsters.

Thank you very much
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