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Abstract: High power electron beam expenments have been performed by 
sounding rockets, and the spacecraft chargmg due to beam emission has been 

mvestigated. The chargmg effect was found to be considerably depressed by the 

extra iomzat10n effect around the spacecraft due to collisions between the high 

power electron beam and the neutral gas 
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Table 1. Research phase of the experiments wllh an electron beam 

by sounding rockets and a space chamber. 
- ------------- --------- ------ -� -----

Event 
Year Research phase 

I 

I I Space exp. Chamber test 
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I 

Development/test 
I 1. E-gun <J K-10-11 
I Phase I <J K-10-12 I 

'76 
I 

2 Diagnostics (Plasma probe, <] K-9M-57 <] ISAS 
I 

wave receiver, optics) <] NASA JSC 

'77 1---1 Fundamental research <] K-9M-58 
1. Beam propagation <] NASDA I 

'78 Phase II 

I 

2 Chargmg <] K-9M-61 <J ISAS 
<] ISAS 
<] ISAS 
<J NASDA II 

'79 I Application <] K-9M-66 I 

1. Wave excitation <J K-9M-69 
Phase III 2 Aurora/air glow '80 

I 3 Field tracer <] Space shuttle 
I 

I (SL 1) 
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Fig 1. Three theories of the single probe characteristics. 



164 

6 .J: 5 tJ:. i}'U.� ( 1 :k / s,, - 7, ffe.=iJ:'rt T =J - -[- 7 �{� .J: '? +0-,J\ � 1, d-£it) vc "J 1,, ---c vt BEARD 

and JOHNSON (1961) O)-=E:--5"-;viJ:J) VJ, fJilJ;Jf1dW-ti---C�fctl,,.J: 5 fct���:t[X---Cvi (1 ;,J-:/ Y-7,:L� 

n:iLvtE 7
° 

7 7-----"'�jTh C tJ:. "') -c 1BlmM1T�§l[fµfag v=-.J: VJ' {!}1:l,£ C @:IB[jj[w]iJ:s Gt �mfJJ:{�U& 0 

h 6 c 1,, 5 -r: T /V (LINSON (1969) 0)-T:- 5- /V) t �� 0 h ---C 1,, 6 (� 1). ch G 0)-1: T Jv7J:IE 

L \, 'iJ, � iJ •vi�'}(�� D''.J v=. �fill: 0 h -cw Y) -n�!J i:J'fr---C' � 6 t 0) ---C ?ti 6 iJ:, C ;J1, f_) 0) -r: 5- 1v � {f "') ---C 

1::.'- 2-,n5(tt\vC{=j: 5 }lf��iffllli-t 6 c, �"=rn:1:rl=IJL'AI7l- - 1=1 '7 �m��i=-�,�iJ:jctl:t;fJ t: - 2-, 

� h!zte-t 6 t.:.Y) v=. vt, e*tc1: ,� T ::z v !I !J -� � L .1: 5 {*v=- �:w-t 6 JZ,� 1J: ?ti 6 c c v=. ts:.. 

V), ��F1=1J� c L ---C*ttl:1J�-=:f 1::.' - L,1J!zWvc;JJfJB'Mdci��iJ:�iJ,h 6. 

2.2. *�O);Jll]}E 

cc 6iJ;;@�O)�\�---C1i, t=H=-*�ts:..'�r::i v !I !J -�ffi\,,fs:._ < -c t��v=-:Jctt\tJ'f[-=f t: 

- 2-, iJ; :OX ili � ht.:. c c 7J; t� 'a. 0 h ---C ti" VJ , 2 1. ---C � Lt.:. ;m;: 0) 7 -); ::::- 7, 2-, c � fct 6 7 -); ::::- 7', 

.z_,iJ:fftE-t6 c ciJ:=f?tR0hQ .J: 5 K--fJ:.."?f.:_. :fJU-diC O)f[,jJill���o/._:s_), J01*0) P 1r :1 

�o 
w 
N 

0 z M "I 

0 

0 
0 

Yo �  

� , -
_ ..... 

° K-10-11 
4 K-10-12 
C K-911-SS 
oK-9!Hl 

.
.. 

0/ 

v·,--/ 
Bm0.47G 
NP"'l><l05 CH-3 

1 10 1 10 
ROCKET POTENTIAL frHEORETICAL) FLOATING VOLTAGE MEASURED BY FLOATING PROBE 

�2 P�v��-��-��W�l��� 

Ftg 2. Comparison of data from wundmg rocket expe, une11ts wlfh the theOI 1e1 



No 68 1980] 165 

r ��ct'tGnt�1lf;:-r--3< � Mfr!. L, ,tO)fFE*ft/:±t1Jffl:r i::-- A:a>clli� (� 17 ':/ r �oc) 

vcv:t1iH!tffl:EEv:tfiI!D-'E--r 1Hc1tE '5 iJ;, :xlli1Jffl:r i:::-- A:a>cllii-i' (�+ 7 ':/ r tJJ::) vcv:t, t 

-:> c tli*'fttJ:,; n -=- ;Z: A vc J:-:> cm'm:iJ;{i& < to� x. G h 0;:. c � Jilli Lt�. � 2vc;:. ;h '! c fl 

Ght�-r--3< 0)-fffic -'E:-7'1vC0)7�{wic O)J:blix��Lt�iJ;, 1::'-Affl:vft:tJ;:x�\,,ffi!Jvca§!I 

GtJ,vc-r-3<iJ;-'E--r'1vfwfJ: IJn'ilJ\,'. ;::.O);!l1*v:t, P,r ':) HcJ:-:>c�Gnt�-r-3<��*f.Hvc 

Will.r(, �.��"t-0) / � ::i. v- / 3 :,,�i�� < IJ tJ,x. --t;:. c vc J: IJ, p ,r ':) r R,:JjZHcn'ih�OC 

7
° 

7 ;(""iJiJ.!!::X:tJ;�nit � n-t;:. n· G 1'i!i�ffl:rtJ; p 7 ':) He 11u� � n 0 t�60k c � x. G n 0 J: '5 

K.JJ:-:>t�. ;:. O)n'ilJ�OC7
°

5 ;<"'iJirgl(;O)fFtEvi, J1t;$1¥JJJ�c 5 :/ !7' � ::i. 7 7
° 

p - 7'vcJ: 0 7
° 

5 �-""�OCHi!lUvc J: ":) c�60 G ht�. ;::. 0) n'ih�OC 7
° 

5 ;Z:""�Jik::X:vi, Iitt� c mffl:vc J: 0 �F1=19ffl: 

� c -c:-� L .i: '5 #:R,:Jmvc r 5 ':/ 7
° 

� tL t� ffl:rtJ; p ,r 'Y r �ffi-A,.0) 1
;:r� / /� - r vc J: 0 7 ? 

Bo 

I0N5 FROM 
THE IONIZATJON 
REGION (I JJ 

ELECTRO� BEAM (Io) 

RETURN CURRENT ALONG THE 
MAGNETIC FIELD LINES ) 

CI 1 

�3 PY�rmm��-���r 
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