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ABSTRACT

A visualised electron b u m  has been reflected by a conventional 
magnetic m irror. Visualisation of the beam path from the electron gun 
to and including the region of reflection was achieved by the 'thread ray" 
technique of Wehnelt. The total current passing through a magnetic 
m irror has been measured ae a function of the beam energy and angular 
momentum for over a range of pressures from 0.5 to 5 microns. * ^
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INTRODUCTION

On* of the fundamental problems in connection with proponed con* 
tro lled  therm onuclear device* in containment of a plasma. Among the

machine in operation at Liverm ore has been designed to contain the lone of 
a  plasma and electron containment follows as a natural consequence of the 
•pace charge associated with such confinement. The same machine could 
conceivably "contain" electrons by magnetic m irro r action by requiring the

gun was to be used as the source of a variable -energy electron beam capable 
of being deflected upon entrance axially into a  magnetic field of cylindrical

varying the angular momentum of the beam particles with respect to the 
field axis), it appeared possible to satisfy tho conditions for reflection at 
the m irro r. In addition, by operating in a restric ted  p ressu re  range of 1/2 
to 5 microns, it appeared possible to have gae-focusing keep the beam fairly 
well defined over its  en tire  path while its motion was still determ ined princi
pally by the magnetic field. The presence of gae atoms aiong the beam path

To test the principle of the magnetic m irro r confinement for e lec
trons, an experim ent based on the visualisation technique of Wehnelt* as 
described by Alfvdn* was designed by John Foster. A conventional electron

if
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would enable out to observe the process directly by reference to 4 “thread 
ray “ of light originating At Uw be Am. The electron gun was »e*led in A 
g U n  cylinder oa the Axis of Uio magnetic field. The cathode emission wai 
found to be poor and it wae necessary to replace the electron gun. A new 
gun with oxide cathode and Urge focusing apertures wae designed and in
stalled by Charles B. Wharton. For 9.0 tna of cathode emission, a beam 
current Urge enough for visual observation of the beam path was then 
obtaiaed. A magnetic yoke served as the deflecting mechanism to obuln 
angular momentum. A third and final txperim enul arrangement was de
cided upon, and a new gun waa built and mounted off-axle in the magnetic 
field. I t  wae from this final model that data were obtained.

APPARATUS AMD EXPERIMENTAL ARRANGEMENT

Figure 1 is a schematic representation of the apparatus employed, 
and Figure 2 ie a diagram of the electroaic circuit. The vacuum equipment 
coneiated of aC .V .M . 3193 forepump, a 10 i /m D. P. (AY 10), an L.N. trap, 
and a 1949 type ion gauge. A 4-in. diameter by 24-in. long pyrex pipe, 
sealed with rubber "O'* rings, served ns the vacuum chamber. (See Figure 
3.) The magnetic windings consisted of No. 12 lacquer-conted wire with 
2 turns/inch on the first coil and •  turna/lnch double layer on the second 
coil (mirror coil). Tha two colie were connected to separate current sup
plies so that the field ratios of the coiU could be varied ne desired. The end 
flange opposite the gun served se a collector for the current which passed 
through the m irrors, The inside of the pyrex pipe wae coated with a grid 
work of Aquadag connected to tho gun ond of tho system for the purpose of 
avoiding surface charge effects that might arise from the electron beam 
reaching the wails of the vacuum vessel.

PROCEDURE, RESULTS AND DISCUSSION

Typical procedure for the operation of tho oloctron model first 
operated on August 1, 1993 follows:

The cathode heater was operated at IS volte which yielded a cathode 
omission curront of 3.0 ma. By adjustment of the focusing mechanism of 
tho gun, a visible, straight pencil-ray beam wae obtained, tor pressures in
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the range of 0 .5  to 5 mic ron* Hg for hydrogen. The gee p r e e iu r e  wee 

controlled  end  kept n eed y  by m eene  of e leek valve. T he collected c u r re n t  

et a  point 24 Inchee away f ro m  Ike cathode wee 100 p* for e collection 

voltego of U .  5 volte. Thle m agnitude of cu rren t r e s u l te d  in a  beam  which 
wee well defined  for II inchee of the 24 -inch length of pipe. The light b eam , 

which r e s u l te d  from the lo n l t f  g co llis ions  of e lec tro n s  with residue! gee 

m olecules  (end subsequent de ionisation) c lea r ly  ind ica ted  the e lectron  b eam  
path through the gas in the p y re x  pipe. Once e s tab le  beam  had been o b ta in '  

ed, coil No. 1 was turned on by e s tab lish ing  a 10-a m p e re  cu rren t in the coil. 
This c u r r e n t  estab lished  a  f ie ld  of about 8 gauss . Deflecting plates were then 

used to obta in  a helical beam path having a d ia m e te r  of 2 -1 /2  to M / 2  inchee 
and a p itch of 4 to t  Inches a long the field ax is . (See F igu re  4 ,) Such a d 

jus tm en t r a r e ly  resu lted  in a d ro p  in the collected c u r r e n t  of m ore  than 10 

pe rcen t.  Coll No. 2 was then tu rn e d  on to eatab lieh  the  m ir r o r  action. F o r  
ve ry  low ra t io s  (order of 2 o r  1 to l) of the fields in co ila  1 and 2, total re f le c  - 
lion of the g as- fo cu sed  beam was obtained (fo* the type of helix d esc r ib ed ) .  

Increas ing  beam  energy  (and not read justing  the deflection) requ ired  h igher 
m ir ro r  r a t io s  ae  predic ted  by th eo ry .  For axial beam # (no deflections) no 
m ir ro r  se t t in g  could re f lec t  the beam . The la rg e s t  ra t io  used wsa 16 to I, 

aa e s t im a te d  f ro m  the c u r re n ts  to  the  coils .
The he lica l pen c il -ray  b eam  was observed  to change its pilch and 

d iam e te r  a s  the m ir r o r  coil wae slowly tu rned  on until the beam  was r e f l e c 

ted a t  the p ro p e r  m ir ro r  ra t io  aa Indicated by a e ro  co llec ted  cu rren t .
F o r  purposes of photographing the beam , the cathode em ission  wae 

Inc re se e d  to 15 ms for a p e r io d  of one minute.

E le c t ro n  beam e n e rg ie s  w ere  between 100 and  J00 volts for the te e te ,  
The a v e ra g e  m ir r o r  ra tio  fo r  /v  ^ of the o rd e r  one wae about 2:1. It 

would thue ap p ea r  possible to  r e f le c t  charged  p a r t i c le s  with e sm all m i r r o r  
ra t io  whan ths  ratio  v ^  / v | |  can  be made squat to o r  g r s a t s r  than o n s .  The 
e lec tro n  m ods! is a convincing dem onstra tion  of the m agnetic m ir ro r  p r i n 

ciple.

The author gra tefu lly  acknowledges ths help and cooperation of C h a r le s  
B. W harton, who perform ed  m ost of the in tr ica te  e lec tro n  gun construc tion  

fea ts  and was responsible  fo r  the e lec tron ics  a se o c ia te d  with beam co n tro l .
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Fig .  I • Phutogrtph of V n u i l t i t d  e lec t ron  B r i m

# • 4♦ • • •: I ,  |
.  .

•  > •  i i

:: *  *  *
*  •  *ta •»* > t • >1 »t »

»  *  *.  .  . r m
ill !•. . .  1.1 SUfJL



SECRET
UCRL-4JJ9-  12 -

REFERENCES

1. Lyman Spitaer, J r . ,  A Proposed Steliarator, U. S. Atomic Energy Com
mission, Technical Information Service, Oak Ridge, Term., (Originating 
agency; Dept, of Astronomy, Princeton University) Report No. NYO-99J, 
July 23, 1951. (Other ieauee of thie report may bear the number PM-S-1.)

2. James L. Tuck; a paper presented at the "Classified Conference on Thermo- 
Nuclear Reactore Held at Denver on June 20, 1952," U. S. Atomic Energy 
Commission, Technical Information Service, Oak Ridge, Tenn., Report No. 
WASH-115, December 1952.

3. Richard F. Poet, Sixteen Lectures on Controlled Thermonuclear Reactions, 
University of California Radiation Laboratory, Report No. UCRL-4231, 
February 2. 1954.

Richard F. Post, in Report No. WASH-115 (see Reference 2).

4. A. Wehnelt, Zeitechrift fur den phyeikaliechan und rhemiechen Unterricht 
10,. 193 (1905).

5. H. Alfven, "Theory and Application of Trochotrone, " Tekniska Hogakolans 
Handligar 22 (1948).

SECRET
• e  e s e e  e e»e • •  
s e se e se e «

•  e e 
» e e

e e 
e see


