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ABSTRACT 

.--~~~~~-NOTICE~~~~~~~ 

This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 

Experimental.results of the FM-1 spherator experiments 

are reviewed. The important conclusions obtained so far are 

(1) that plasma confinement times are near classical if the 

plasma temperature is low enough for a fixed 'plasma density, 

(2) that the plasma confinement times are limited·to 300 times 

the so-called Bohm time as the temperature increa~es, (3) plasma 

loss can be caused by several reasons, and (4) in particular, 

fluctuations which behave consistently with the theoretical pre-

diction of trapped-particle instabilities appear to dominate the 

plasma loss processes. This result, along with the recently 

developed experiments and theories on electron-coil systems, 

suggests that an electron-coil fusion reactor may be a· possible 

fusion reactor of .comparatively stable property and compactness 

in size. 

* Talk given at APS, Plasma Physics Division Meeting held at 

Monterey, California, November, 1972. 
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The experiments on plasma.confinement can be consideredas the 

succession of experimenfs ~o find out the· scaling laws. Until the middle of · 

the decade of 1960, the plasma. coilfiri'ement. times. observed experimentally 

apparently followed the so-called Bohm.law, 1 ' 2 which states that the confine-

ment time is proportional to Band-inversely proportional to T so that the 
e 

plasma confinement time is 1 msec at 50 kG, 50 eV and the plasma radius of 

5 cm •. For a considerably large density range (10
9 

to 1013), this law held as 

well as for the wide range of the electron temperature (O.l eV - 100 eV). The 

mechanism for this loss is attributed to plasma fluctuations which, from the 

present point of view, is only half-true·. I think n_obody disagrees that 

fluctuations are the major ·if not the sole causes of the plasma loss in this 

region, but it appears that the better confinement time does not necessarily 

mean les,s fluctuation. 

Actually, no universal theory exists that predicts the fluctuations will 

lead to Bohm diffusion. I suspect Bohm confinement time is essentially the 

lower limit of the confinement time of MHD~stable plasmas and nothing else. 

. . 2 
Indeed, various assumptions lead to the diffusion coefficient (on/n) kT /eB e 

as shown in Tabl°e I. If the experimentally determined uppe_r limit. of 

on/n ~- 0.3, we get roughly the Bohm diffusion. 

The experiments on plasma confinement after. 1965 start to show that the 

plasma confinement times are 8:ctually longer than pr·edicted by the Bohm formula. 

Those experiments are done in tokamaks and multipoles including the spherator. 

The FM-1, which is a spherator, experiment is an end-product of a series of 

expe~iments to demonstrate that the plasma confinement does not follow the 

Bohm scaling law. 

• 
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·The results of these experiments up to.1970 can be best summarized as 
; 

follows: The data show the disagreement with the Bohm and .that the confine

ment time obeys the classical· diffusion law in its dependence on density, 

electr.on temperature, and, rather in. limited region, magnetic field. Except 

for the resul.t of octupole at General .Atomics, 3 however, there is a reduction 

in the absolute magnitude from the.classical calculation. even including the 

neoclassical theories. 

This coupled with the observation that theoretically there is no strong 

advantage of tokamak over stellarators as far as the stability concerned 

leads us to explore the assessment of fluctuations i:n enhancing the classical 

diffusion. In the. region of large collision where the mean free path is 

short compared to the plasma scale length leads to the so-called pseudoclassical 
4 5 . 

. diffusion ' as shown in Table II. The important point is that the diffusion 

coefficient is determined by the poloidal magnetic field, not by the toroidal' 

magnetic field. Indeed, for the C stellarator where equivalent poloidal 

magnetic field is approximately 1/100 of the toroidal magnetic field, we 

·expect .that the confinement time can be 10-4 of the classical ·confinement. 

The neoclassical effect, of course, reduces this theoretical classical value. 

The calculated pseudoclassical diffusion· time for the C stellarator. experi-

mental ranges is usually less than the Bohm tim.e. ·Thus, if we say ·that the 
. . 

Bohm time is the lower limit of the plasma confinement time, we expect that 

the confinement tinie is bounded·from below by Bohm time and pseudoclassical 

diffusion time.· 

Indeed, it is so, as shown.in Fig. 1. This figure was ni.ade three years 

go to summarize the then-existing data. Note that subsequently the experi-

mental points were moved to merge into the main sequence. We note that for 

the ratio of T/TB to 100, there isa reasonbly good agreement. In PLT
6 

the 
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ratio Tpc/TB -i:eaches 1000. 

The suminary of conclusions from pseudoclassical diffusion is shown in 

Table III. 

As a scientist, if confronted with thiS data, the ob.vious desire is ~o 

know what will happen as T /TB is increased. Does the t/TB- incr_ ease 
- pc -

indefinitely? Well, present ·stellarators preclude, because of the expense 

·involved in research devices, the possibili~y of reaching high T /TB. The 
pc 

tokamak does not l:J.ave that difficulty, but the plasma density cannot be re-

duced. That l_eaves the floating ring experiment as only sour:ce of going to 

large T /TB.· We have at prese~t in our FM..:.i this ratio reaching,3x 105 
- pc -

experimentally in plasmas which are believed- to be Maxwellian. 

The FM-1, though initially conceived to test whether T/tB can be made 

more than 10 to 100; is now, therefore, an ideal device to test the pseudo-

classical diffusion law. 

In Fig. 2, the cross-sectional view of FM~l is shown. A superconducting 

coil formed in a jacket with the surface at room temperature is levitated by ~ 

levitation .coil magnetically and stabili_zed by 5 sets of asymmetric stabilizing 

coils. Typical field error induced by these. stab:J_lization systems is-much 

less than o. 2% as compared with. 10% when we _started the experiments in the 

spherator. The field error of "' 0.2% of ·FM-1 is due mainly now by the 

asymmetry of the center ring. The external coils combined with this internal 

.ring produce the magnetic surfaces •. One·o:f the magnetic surfaces is-shown in 

the figure. The toroidal field is neces~ary to provide the stability by shear 

and minimum average B. 

The parameters of experiffiental range are shown in Table 4. _-It is possible 

to keep the ring as longas.10 hours :in levitation. Please note that the. 

electron density is relatively low. -This allows us to heat the plasma to high 

.. 

~· 

.. _ 
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temperature with modest means of heating. This in turn enables us to achieve 

the large T. /TB ra~io.· 
pc 

The procedure of the experiment is.as follows. After the.ring is 

completely levitated, neutrals are introduced to the desired value. Then 

discharge cleanup using the rf pulses~ usually one per second or two, follows. 

After 1 or 2 hours of this, the experiment starts. For plasma confinement 

experiments, the resonant microwave pulse is followed by two different non-

resonant microwave pulses-of different power level as shown in Fig. 3. 

As the power level changes, the electron temperature changes. The tempera-

ture usually remains constant when the steady state level is attained. 

Computer calculation of time behavior can be done, assuming only the 

efficiencies of microwave heating and confinement times, the agreement 

7 between experiment and theory is satisfactory. 

• This figure is only representative of the plasma confinement measure-

ment. In fact, we measure the loss to the wall and indeed the loss increases 

as the density decay b~c.omes faster. . The ele_ctron temperature measurement . 

shows that the ionization is not important, and, in fact, no excitation light 

of helium is seen after ·the resonant heating. The computer calculation also 

shows that there is practically no ionization. The temperature range we are 

talking about here is less than 5 eV. 

The reason why we hav~ two nonresonant heating pulses is that immediately 

after the resonant heating, the density profile is not the normal mode profile. 

Thus, we keep the plasma for awhile and study the confinement time later~· At 

the second pulse, the initial condition is then essentially the same. 

People may raise the possibility that runaway electrons may be produced 

In fact, if we do not introduce neutrals, very nice runaway electrons can be 

produced as shown in Fig. 4. Here, synchrotron radiation coming out from the 



-6-

runaway electrons produced by.the resonant heating is shown as a·function 

time.after the.heating wa~ stopped. Notethat the decay time is of the order 

of 50 seconds. Well, how do we· know that there are no runaways in our regular 

discharge? 

In testing that, we dropped a stainless ball through the confinement 

region as shown in Fig. 5. The top picture is the synchrotron radiation of 

Fig. 4 in a greatly expanded time scale. After the pellet was dropped, in 0.4 

sec when the ball reaches the confinement region synchrotron radiation drops 

to zero level. Thus, we know the runaway electrons are wiped out. We do the 

saine thing for regular discharges as shown in lower two· traces. Both have 

identical conditions except that in one case, the pellet was dropped. As far 

as we can see, there is no change in the density decay as well as loss to the 

wall. Please also note that the loss to the wall increases as the nonresonant 

heating stops indicating that confinement time indeed becomes worse as the 

temperature cools down. This, of course, contradicts the Bohm diffusion law. 

Now, how do the results look? They are shown in Fig. 6. We see that the 

plasma confinement indeed increases with the temperature up to certain limit 

and then goes down. In the rising part, there is density dependence 

consistent with the classical or pseudoclassical diffusion. In fact, numeri

cal calculation shows that our results are about 1/4 of the classical confine

ment time and comparable to the pseudoclassical diffusion time. However, above 

1 or 2 eV, the confinement time is limited to 300 times Bohm as shown. The 

result of the smaller levitated spherator is also shown and shows.the same 

behavior. I think it is important to summarize this result in Table v. 

Because the conclusion drawn from this experiment has a very important 

implicatio~ for future toroidal confinement experiments. 

•: 

•. 

• 
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As you know, for a given experimental device, it is usually very diffi

cult to change the plasma parameter. Recently, we have been· applying high 

resonant power to achieve the .high electron temperature and determine the 

plasma confinement times. So far, we have obtained preliminary information 

of electron temperature and its decay through the diamagnetic signal. The 

decay may be caused completely by the inelastic collision of electrons. The 

results are shown in Fig. 7. We may conclude that the results are certainly 

not inconsistent with our view that the confinement time is less than 300 T 
B 

although we need a little more measurements to be really certain. There is 

an experimental point at the right hand corner, this is the confinement time 

of tenuous 100 keV plasma but presumably isotropic in velocity distribution. 

I put it there to warn that our extrapolation may or may not work to still 

higher electron temperature. 

In terms of the diagram of T/TB vs Tpc/TB of Fig. 1, we get the. result 

presented in Fig. 8. We then ask two key questions.· One is, is this uni-

versa! effect or limited-to.the ~_pherator? The second is, if universal, what 

can be responsible? At present, we do not know but we can guess. For the 

first question, we might say that fluctuations are responsible but fluctuations 

are somehow connected with this particular heating. To answer that we only 

point out that the loss does not immediately rise as the microwave power is 

applied, but.appears to increase only when the electron temperature is_ in

creased. Also, in the tokamak, as the density decreases so that 1'pc/TB·. 

increases, there is a tendency for the confinement time to become less than 

the pseudoclassical prediction. Finally, even in an octupole of Gulf General 

. 3 . 
Atomic, there appears to be limitations. Thus, I think, the answer to the· 

question of whether this is a universal phenomena is tentatively, yes. 

The second question of what is responsible for fluctuations, is presently 

I 
under investigation and I think, it is fair to say that no agreement as to the 



-8-

cause is. obtainedJ although it is almost certain that fluctuations and/or: 
·-.: 

field error are.responsible, Yet thepseudoclassical·difful?iPn law is sup-· 

· posed to show the uppe~ limit• Then why· is there a discrepancy? The answer 

appears to be that the dissipation pf the diamagnetic current.isenhanc!!d by 

8 
the electron-plasma interaction as shoWn in Table VI, This.is probably right, 

but a little more theoreticai calculation is nece~sary, 

For the particular mechanisms which restrict the plasma confinement 

experiments including ours have shed considerable amount of light recently. 

Contrary to the C01lllllonly-held belief of the sixties, now we know varioµs 

10 effects such as (1) fluctuations, (2) field error, ani;l (3) impurity 

(e.g., air in helium) contribute·to the reduction in the pla$11la co~finement, 

Some of the results are.given elsewhere, so I will not elaborate here. Each 

effect is equally important. Indeed in the FM-1, the effects of fluctuation~ 

and field error are about equally important. For if we reduce the stabi:J.hy 

condition slightly or if field error is increased over the designed value, 

the plasma loss can be reduced in half very easHy. The effect of impurity 

is as bad. We have to insist on very good bacikground pr(;!ssure to obtain the 

best confinement time such as 2.5 sec. 

In principle, however, we can avoid causes (2) and (3) but cause (1) 

cannot be avoided, unless stable configuration is found, ·Although the 

spherator configuration is supposed to be stable against" almost al+ instabili"'.' 

ties including' trapped particle instabilities, the system is not stable against 

collisional trapped particle instability. The fluctuatians ar~ observed which. 

may or may not be related to this instability in the temperatµre range between 

O .1 eV to 10 eV to be discussed elSewhere in detail by Dr, Meade et al, 

If we accept our existing theoretical analysis at face value, the plasma 

. stability is very much dependent on whether trapped particles are trapped in 
. I . 

bad curvature or in good curvature as shown in Fig, 9. · We have done an 

• 

• 



. : . 

• 

.r 

I ., 
I 

., 

.·~ 

• 
'-

-9-

experiment to compare the result. The result is shown in Figs. 10 and lL 

We note .that t~e plasma·confinement is greatly red~ced in the.unstable config-. 

ura,tion. But, as r said, even the stabler· configuration still has a finite 

theoretical growth rate and, in fact, experimentally we observed the existence 

of the fluctuation. 

Theoretically, however, at higher.temperature in good curvature, such 

as 100 eV for the same density, the plasma should be stable as the growth 

rate of .the collisional trapped particle instability.will go down as shown 

schema~ically in· Fig.· 12 •. U the curvature is bad, however, we expect the 

result. shown in the dashed line in Fig. 12. We are currently investigating 

this predi'ction in the FM-1 by going. high electron temperature. 

~here are many other experiments which were performed on the FM-1. Some . 

of them have been reported already, and I shall show you just the titles and 

the physicists in Table VII • 

The summary of FM-1 results that I covered is shown in Table 8. Each one 

o~ the results is important in assessing the future of tokamak-type plasma 

confinement. In particular, the number (1) applied to the tokamak indicates 

that the plasma confinement may not exceed 200 msec (at T = 5 keV) even for 
e 

the PLT tokamak being constructed at Princeton and, in fact, the situation 

may be worse than that if the result (3) holds for the tokamak, as PLT operates 

closer· to the collisionless limit where collisionless · trapped particle insta

bility becomes important. In this context it is significant·to remember that 

the observed maximum confinement. time ·in: tokamaks has only doubled in this 

current five ye~rs (from 1968 to 1972) from 5 - 10 msec to 10 - 20 msec, and 

·the ·maximum ThB is pe~haps -less than 10 to 100. Also, ·the agreement between 

theory and experiment in tokamaks is at present purely limited to MHt> theory,· 

. ' 
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and fluctuations due to. micro-instability have not.been studied. Thus, if we 

extrapolate, we may have rather unpleasant surprises in store for the tokamak. 

Unfortunately, this important aspect.was rather ignored compared with the 
. . 

. understandable, opdmistic desire of .everybody to win the race of building a 

fusion reactor first. 

In order to study the physics of the.tokamak, perhaps we should be more 

modest and try to build research-oriented· tokamaks to gain the understanding 

of mechanisms operating in tokamaks. At the same time, it is useful to try to 

expand the parameter range of multipole devices, such as the FM-1, to bridge 

the gap which now exists with tokamaks. The second important inference I can 

make is.as an alternative to the tokamak that is, is it possible to make a 

spherator-like fusion reactor? I think the answer is Yes. This leads to the 

second title of my talk,.namely, electron coil. If we can replace the super-

conducting coil by a relativistic-electron coil, the plasma could be contained 

equally well. Although-probably we are limited to 300 TB' the relativistic 

.·electron coil system can allow the particles trapped in a good curvature 

section, thus avoiding the ~roblem(3). 

The configuration I call spherator-astron, is shown in Fig. 13. The 

relativistic electron-beam can be used to create the rotational transform, 

shear, and magnetic well. The problem, if our experience with FM-1 can be 

any guide, is then the stability of the electron ring and not the plasma. If 

you recall, I have mentioned that high energy electrons can be contained for 

50 seconds or more in the spherator, and, at the Oak Ridge National Laboratory, 

it is reported that much higher density electrons were kept for several 

seconds. Thus, I am rather optimistic about the containment of electrons. 

The fact that electrons carry current, makes this ring susceptible to kink 

. b·1· 12 i.nsta i. i.ty. But Dr. Lee's calculation shows that the ring may be stable 

•• 
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Please insert Table X which was 
omitted in error. 

Table X • Possible Parameters of Astron-Spherator 
As a Fusion Feasibility Experimental Device 

Aspect Ratio R/a 2 

q = 2-rr/\ 0.5 

Bt 20 kgauss 

a 20 cm 

Volume 5 3.2 x 10 cm 3 

l'ower Required 320 kWatt (for T = 1 sec) 
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even for a rotational transform higher than 2TI if the beam en~rgy is high. 

This makes the spherator configuration possible with attending stabler plasma 

configuration •.. Theoretical equilibrium calculation and experimental evidence 

also show that the ring current can exceed easily the so-called. Alfven limit 

with relatively low synchrotron radiation loss. 8· 

The electron-coil construction is not so difficult at least on paper and 

there have been·many instances of that in Oak Ridge, Cornell, an9 Livermore. 

Also various toroidal devices have demonstrated the existence of electron coils 

for the time up to 1/10 of a second. There are several methods of making 

coils: they are shown in Table IX. I think it is harder to make preference 

at this stage, I think a continuation in study of all 5 methods is necessary 

at this stage. One advantage of this as a fusion machine is a compactness, 

especially of the pseudoclassical diffusion law somehow applies .. An example 

of fusion reactor is shown in Table 10. · Note that the plasma volume is even 

smaller than the FM-1 and the magnetic.field is relatively weak • 

. Comit1g back to my conclusion, I think, at present, FM-1 results try to tell . 

us that there may be difficulty ahead in the tokamak and we should prepare for 

it. 

This work was supported by U~ s.·Atomic Energy Commission Contract 

AT(ll-1)-3073 • 
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Table I. Bohm Diffusion 

l = 
: .2 

B (kG) .\ i· a (em) 
T. (eV) 5 · ! 

e . ! 

Cornes from: 

1 ·kTe 
D=lOeB (M.K.S,). 

msec 

This can be derived from 

D ::: 
a<on E > 

y 
Bn 

0 

kT 
e. 

eB 

a.: density: scale .distance 

on: density fluctuation 

·Also should· be less. than 

kT 
on I e 
n eB 

0 

Table II. Pseudoclassical Diffusion 

n = n + on + 
0 

for given density gradient, J 11 1' 0 

Calculate v~J~ + J~) 

The diffusion coefficient D 
pc 

D = 

. (' J~ \ 
= p 1 l .+ 2 l 

.. c J .L J 

In toroidal device 2 2 
<k.!Jk11> » 1 

Then 
f' 

D 

T pc 

< 
"' 

> 
"' 

2 
a 

CD l . c p 

a: 

CD l c p 

n 

n 1 

a: (T )°t- 1./2 B2 . 
- e . P 
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Tabl.e +rr. Pseudoclassical Diffusion Theory Explains 

(a) The difference between stellarator and tokamak • 
. v 

(b) The confinement times of multipoles, stellarators, and tokarnaks in 

wide range (100 µsec tq 2.5 seconds). 

(c) That fluctuations or convective cells are equally bad for plasma loss. 

(d) Why 8 is constant in tokarnaks. . . p 

Table IV. · FM-'lParameters (as of Nov. 1972) 

·Ring current 

Typical magnetic field 

Toroidal field current 

Base pressure 

Filling pressure 

Plasma volume 

Plas~ radius 

Gases used 

Electron density 

Electron:temperature 

Ion temperature · 

Confinement time 

Methods of plasma production 

Stabilization 

Field error 

150 - 250 kA 

2 - 3 kG 

0 - 250 kA 

2 -8 (best) x 10 Torr 

5 10-7 - 2 
' -6 

x x 10 Torr 

5 5 x 10 cc 

5 10 cm 

Helium· (mai~ly), n2, A, etc. 

. 1010 - 1012/cc 

0.1 - 1,00 eV (or more) 

Less than 5 eV 

1 ms - 3 sec 

Microwave heating and others 

Shear, Minimum B, short connection 
length 

Typically 0. 2 % 

.... 

. '": 

..... ' .. ·. 

. . -~ 
... 

.• 



•• 

-15-

Table· v. FM-1 and LSP Experimental Results · 

T · 0.1 
e 10 eV (reasonably secure) 

10 eV - 100 eV (less secure - following slide) 

T = Min (300 TB' T ) . pc 

Experimentally T /T · to 5000 (secure) 
pc B 

5 . 
to 3 x 10 . (less secure) 

Table VI~ Modification of Pseudoclassical 
Diffusion at High Temperature 

If v is so small that e 

\) <<' w 
e b 

v· 
e 

=-
L 

· L: characteristic length 

Then v e may .be replaced by ':the· electron wave interact'ion 

(or electron-phonon).·- ·rhen 

If so, 

v + Ck11 v 
e e 

D T 3/2 
e 

.Nonlinear effect may make D T 
e 
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rable VIL _Experiments Carried Ol;lt in FM-1 

'· 1 .• 'Runaway electro~s Chen et al. 

2. Hybrid resonance heating Hooke et al. 

3. OH heating & !CRH Schmidt et al. 

4. Fluctuation studies Meade et al. 

5. Perpendicular conductivity 
measurement Okabayashi et al. 

6. .confinement studies Okabayashi et al. 

7. Field error studies Schmidt-et al. 

Table VIII. Conclusions of·FM-1· Results 

1. Agrees with pseudoclassical diffusion to T/T 

and is limited to 300 'B· 

2. Several factors can be responsible for anom~lous 

. plasma loss. 

3. Field configurations such as whether trapped particles 

in good curvature or bad curvature are important. 

•• 
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Table IX. Five Methods of Electron Coil Production 

(1) Runaway discharge tokamak. 

(2) Relativistic-electron cloud + OH. 

(3) Astron (Injection of good quality beam and slowdown by 

resistor). 

(4) Injection of high intensity beams, use of diode-device 

and injection 

(5) Production of intense beam in the toroidal chamber itself 

by applying a very strong electric field. 

Note: Possibly combination of these methods may be necessary • 

Unmarked results ore obtained from 
Princeton Stelloralor. 

,/ 
Low 

D Dens1ty 
ICRH 

[ ._ 

/ 

('1 / 

Gorchtng 
._ ! Slellarolor 

/ 

._J Tokomok ( 400eVJ 

,.___ Cul hum S1t:llc11ot or { B: 3 kG I 
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Fig. 1. The observed confinement times vs 
the pseudoclassica l diffusion time. Both times 
are normalized by Bohrn time (from Ref. 4). 
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Fig. 2. The cross-secti onal vie w of the FM-1 spherator . 
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MEASUREMENT OF DECAY TIME OF FM- I 
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Fig. 3. The behavior of helium plasmas as 
different levels of microwave heating were applied. 

723606 

Fig. 4. The decay of synchrotron radiation 
by high-energy-electrons after the microwave heating 
was terminated. 
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Fig. 5. The effect of dropping a stainless ball of a quarter
inch diameter. The ball traverses through the plasma in approxi
mately 100 msec. The upper picture is a synchrotron radiation of 
the previous figure in a greatly-expanded time scale. The radiation 
drops to zero as the ball wipes out the high-energy electrons. The 
lower pictures are the density (interferometer) signals and the 
plasma loss measurement of normal discharge where synchrotron radia
tion is not observed. The dropping of the ball does not affect the 
plasma behavior. 
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Fig. 6. Plasma confinement 
times vs the electron temperature. 
Both FM-1 and LSP (predecessor of 
FM-1) results are shown. The plasma 
was tested by the methods of 
Fig. 3. 
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EXPERIMENTALLY OBTAINED CONFINEMENT TIMES 
VS ELECTRON TEMPERATURE OF LSP AND FM 

RUNAWAY 
ELECTRONS 
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RESULTS OF LOW POWER MICROWAVE 
HEATING (FM- I ) 
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E'ig. 7. Confinement times vs the electron 
temperature extended to higher electron tempera
tures by means of high power heating. 
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Fig. 8. The summary of the results in terms 
of confinement times vs pseudoclassical diffusion 
times as normalized_hy Bohm time. 
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Fig. 9. The schematic view of plasma particle 
trappings. If the particles are trapped between the 
levitated ring and the center conductor, they tend to 
see a stable curvature drift. 

Comparison of Two Magnetic Field Configurations 
Particles Trapped in Good Curvature 
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Fig. 10. The result of two experiments where the 
externally applied field was changed to move the trapping 
from the good curvature section (strictly speaking either 
good or less bad curvature) to the bad curvature section. 
Note that the plasma density decays much faster, and that 
the density profiles show marked fluctuations. The density 
profiles spread out in the bad curvature case as the mag
netic surfaces bulge outwards. 
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Fig, 11. Plasma confinement 
times vs different external mag
netic field coil current. As the 
coil current is lowered, the 
trapping tends to be more at the 
bad curvature. Two different 
pressures were used, as, at lower 
coil current, the breakdown 
becomes much more difficult. 
This was done in the LSP 
spherator. 

713174 

Fig. 13. The spherator
astron. The internal conductor 
is replaced by a relativistic 
electron ring (see Ref. 8). 
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THE GROWTH RATES OF INSTABILITY FOR 
TOROIDAL SYSTEMS AT FIXED DENSITY 
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Fig. 12. Schernatical presentation of 
growth rate of the instability. 
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L E G I\ L N 0 T I C E---·· 
This report was prepared as an account of Goverrunent sponsored 

work. Neither the United States, nor the Commission, nor any person 
acting on behalf of the Commission: 

A. Makes any warranty or representation, express or implied, 
with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any infor
mation, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 
damagP.s resulting from the use of any information, apparatus, method, 
or process disclosed in this report. 

As used in the above, "person acting on behalf of tl.e Commission" 
includes any employee or contractor of the Commission to the extent 
that such employee or contractor prepares, handles or distributes, or 
provides access to, any information pursuant to his employment or 
contract with the Commission. 
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