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Abstract: Observation of the upper atmospheric wind velocity, diffusion 
constant and electric field by the method of artificial luminescent clouds has 
been carried out at Kagoshima Space Center for the past several years. From 
the viewpoint of the upper atmospheric dynamics, it is considered important 
that measurements of neutral wind velocities at the altitudes between 120 km 
and 200 km and also of electric fields at the altitudes of about 200 km are 
perfomed in the auroral zone, especially at Antarctica. 

In this article the writer suggests the following rocket experiments at 
Syowa Station: at the first stage, artificial sodium, barium and strontium 
cloud experiments in the evening using S-210 or S-310 rockets, and at the 
second stage, trimethyl-alminum cloud experiment at night time and also 
sodium cloud experiment with Zeeman photometers at day time. 

L v:t L tJt � 

99 

P 7 'Y HC J: '? --CAI3B��� so,..,:.,25okm O)J:�vcfp �, kO)ilJ�iJ� G4'11i:frr, 215 -0 

1.,,vt1 ;t :/O)jli!J��OQ�.�vi, 1956�U*�ffil"c'fibh (EDWARDS et al., 1956; BROGLIO, 

1961; BLAMONT, 1962), niJ;oo-c- t pgzoo-c-�@O)�.�ii;rrbn�;JJ L --c 1., 'Q CHuRuHATA 

et al., 1965, 1966; NAKAMURA et al., 1969, 1972a). m�*�jJ�O)}'[�iJ� Gvi, �vc;ffi 

�ffi:vctovt -0 �It 120,..._,200 km 0) 4'·111:frrO)JlilJ, to J: LfkO)#l[O)ffi;Ji'.0)5i � c =1JIP1� 

ffl-0.:. ciJ;m:�-c-215 Q. i k:., m:ffi!@-c-vt i tt-1.tt 9£��0) p ?'" 'Y 1- ��vtfibn --ci., ,tJ: 

1.,,. k.:. -C'd,I. f vltiillU�)�O)lffl�� n t::..:. O)ffl�vc, 9B�����m:ffi!IB5¥0£:lfuvcto1., ,--c� 

:M[i"" � .:. c ��� L k:. 1.,,. 

* JiR:Ji'C:k����fITT!lm:00.���- Institute of Physics, College of General Education, University of 
Tokyo, Komaba, Meguro-ku, Tokvo. 



100 

P 7 'Y r iJd:i:r r Y r'J A (Na), ,,{ Y r'J A (Ba), r Y ;1, -r1v7 ;v � ::=.. r'J A (TMA) ts:_ c' 

0)1,���Pl'!Mi"" QC' ;l:f)J 1 � 2 �f13jvt, '/ 3 'Y !l r'J ::r: - 7'' C ts:_"? --C@[@Jtt· p r:.#.tb; Q7J;, 

)f:-0)�, �-f-:5:i-f13jvimliftl O) *� c � 1? i!;-? t::. i i ffiCD --C � "? < 1? mllftlv::.#.tttx�nmvt--C � < . 

-:_O);tk)i�v:.to1.t,--cvt, AI�cJmifBO) *�cvtit< fAJt:Jilb�fi5. � Gv::.r'ffloc 150km Ll 

J::v::. ts:_ Q c *�W!!ti7;11£ < , :5:i--=fO)f.J�@J�b;yts:_ < ts:_ 0 t::.CD, ffl::Wb;tFtEi"" 0 �ii, i=J=tti 

%-=f c 1 :t-Y vi1H=-� ts:_ 0 drift motion �fi 5 vC� 0. Jc ;h� x.,: 0) � OCc' 1 :t- /��1'1 

nvi, i=J=t'l1:�0)JlibcO)il§:i7· GJc-0),�0)ffl:Ji!.�*CDQ-:. ct c'� Q. 

:k�r'ffll!ti7; -8°� -12° c\b "? --c, :ttlLl::vi�§.§c'ct> Gi7;, J::;"gvcvi i tc. s Mb;ct> Q �fi, 

i:r .;- 'Y r b· G Na, Sr 1*-=fct> G l 'vi Ba+, Cs+ �O) 1 :t-Y�il'.t:!tti"" G c, s:.;h GO)l*-=f�1 

:t-Yvi, ::t:�1C::v::.J:"?--cm};m�n. �1'f0)*'.A""!l t-1v�:Je--tQ. -: n�:tt!U:b·GJi!.Gc, 

�§.§�0)£��°Wfl-v::., � i �·i O)fsv::.� < 3e:Jt�i7;+�5t-f13jv::.nt::. IJ �HR--c- t •�� n 0. 

-: 0)3e:Jt�oy�gf13jE1"Jfftfit��CD Q v::. vi, jtgJ::v::.ct> Q =jtg,�LlJ::O)f&mU,�iJ. G JAJ�ffl�i"" Q !J6, 

�b;SG. F¥JffiO)�i!;, am�1J£j{gc*9 300km f¥if¥i*O)dJ-fv1r&mll�,�' ts:_ GtH::.�-f-q=- P 

ffi1JO) *�ll;i$jtgm0) 3 ,��i�}Jlll,�v::.��v!Tl!t�f;iJ; J: l,. ffl�v::.� L --C vi, 4tf&mt�vc 

ffl� Lto.Ka\�it�ct> Gb· t:CD3({§v::. J: "?--co. 2 frJ; LlP'JO);m/!tc'irh-tt--Cto <. Jc 5 --thvi 

ct> c vi, 7l'Ca1�it El {tO)�,�iJ;30f:o/to � v::.*930 ::z ""7 O)��� El lbffl� L --C < ;h 0. -:. 0) J: 5 

ts:_1J$vc J: 1?, :JeYf:�0)30�:to� O)fftfitiJ;�i Q O)c', Jc-O)�f13jE1"J�fft, i"" tJ:h 'bJ::;'gO)Ji, 

��*CD0-:.ct��®�£�ct>0-

3BJ!f;�t*O) �-O)t=iff!f&vi, k:hb;@r�mU5Ec' ct>"? --c, 1iiJ G O){R5E t ::fo7J• fJ: 1.t 'C'fri5Xif@iJ;;J( 

CD G;h G ,�c'ct> IJ , �=O)�j!f&vt, mU5E:m!!tiJ;ffiCD "t J: l,-:. c c'ct> G. 

t::. c x. vi, . i:i .,- 'Y r 0)11Dt!F!JtviJffi� v - ::f- r 5 Y .7-. ;t; Y 3(� ffl 1.t ,--c�!F!JtH� � n Q b;, i:i 

?" 'Y r .::c. y::; Y�3e:Jt�,vi, ���7� t�����t1vt:Jt,::, --c 1; '0-:. cb;ct> 0 O)c', -:.n 

� 2 :rfg,�7J· GJAJ�ffl�i"" GS:. c v::. J: "?--Ct, i:r .;- 'Y r O)fftfit��CD G,: c 7J;C,� 0. � 1 vi 

197011=- 9 JI 2 B 1914 JST vc, P'JZ007J• l::>tJ'bJ:vf Gnt::. K-8-16 % i:i .;- 'Y r 0)1iDtfF!JtO)j'[ffi 

��7f-i"" t 0) --c-, �A. av - ::f-0)*5*, @O) �P vi:rfgJ: 0) 2 r&mU,�iJ. G 0) JAJ�ffl�iJ. G* CD 

td@c'ct> 0. *f*-!zvi l ,1;, c }G1,hh0 b;, �oc 145km {tJ.!IO) v- .?<'., -WmU*a*O),,{ 5"'.J 

� vi, p .;- 'Y i-tlH*O)��Jllbv::. J: 0 t O)c'vitJ: <, �!F!Jtffl,,� 5 ;f 5 7 Yr:rO):;t-,,{- 5 

/. --z=-0)@0) l*Eslv::. J: Qt O)c'2D 0-:. ciJq,fVif1iil:E®c'2D Q. -:. O)��O)J1t$tmmu0):mi!tvi, 

r§Jflt 150 km c't"J 30 m c'2D Q. 

?kv::.9e:J1t�O)fftfit�J!!Jtvi, ;::_'O) J: 5 vc L--C:>l<CD Gh0c'2D0 5 iJ,. � 2 viP:l�;tkvco-0 



No. 52. 1975] j'e:J'c��v:::. J: Q Jl.O)fl�U 

180 

K-8-16 

.. ··�····:.· ·· ·a·";; 
.. 

• •
a 

a• • 
0 •, 

160 
.. 

.. 
0 Tone -Y 

• ,cj .. a Y -Tani 
H ·\, 

X N-Tane 

(km) � A N-Y 
�. Rader 

T .. 
• 0 

140 'o 

ii 

120 
'D 

a 
.. 

100 
31.0 30.8 30.6 30.4 30.2 30.0 'A. (

O
N) 

!&I 1 1970::¥, 9 � 2 S 1914 JST vc:tr�J:tf G.tit-: K-8-16 ��O)Jiti'i:�O)j'z:ffij� 

101 

29.8 

• m�tv-3l''- r'7-:/.7-.�-:/3l''vcJ:Qffi, ftl!�i2 fl�U,?.\iJ�GO)fiij�ffl�iJ�G>.i<bbt-:ffi. kt!.. 
Lfl�U,?.\�i, Tane iJ�fi-=f �, Y iJ�u.tJII, Tani iJ�;§.µ.1, N iJ�-WHR��ffe:b L, -WUxJ:i O �P�ifi 
-=f� c UJJIIO)x,j�-iJ� G>.i<bbtdf··e�Q-:. c �1Fi'", 

Fig. 1. Vertical profile of #K-8-16 rocket trajectoty. 
Tane=Tanegashima, Y=Yamagawa, Tani=Taniyama, N=Nango 
dots denote the data deduced from the rader method. 
H is altitude in kilometers and ,< is north latitude in degrees. 
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Fig. 2. µ-plane projections to the films of camera stations A and B. 

A 

� 3 W!illU,� A, B �'Eltrfffi (µ f 
ffi) ··em'? t-: ¥e �� 0) t¥Jr ffi 
®:Kl AB �i-�vc:tt!!3*�1t 1.,, L 
1.,,Q. 

Fig. 3. A cross section of the cloud in 
z a µ-plane which contains both sta-

tions A and B. 
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Fig. 4. Level projection of a sodium cloud in the f+K-8-16 rocket experiment, at X+225 s. X shows 
the launching time on 2nd September 1970, at 1914 JST. Cross sections of cloud deduced from station 
pair Tane-Y are also indicated. The numerals beside the projection represent altitudes of the cloud 
in· kilometers. <p is east longitude in degrees. 
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Fig. 5. Wind velocity profile of #K-8-16 experiment. 
The solid curve I VI is the magnitude of the total velocity; the broken curve W -Eis its component 

from west to east; the chain N-S is that from north to south. 
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Fig. 6. Vertical and horizontal projections of string-shaped sodium neutral cloud and spherical cesium 
ion cloud made by #K-9M-42 rocket. 
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Fig. 7. Variation of cesium clouds heights H with time. 
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r.f �aoo, @l�;ffi F91* 0) Jfj� c fJ �aoo t.::..  -:.. 0) �a--c:- vii$'1tz0) 5;\� j@jffl --c:-� t.£ 1., ,  0) --c:-, J: 0) H 

•Ktt, X+B ?}�O)�� �-��O)�DK:toi,fQ� - � - �!,f ��ffl Lk. 

IZ!IO vi, -: 0) Cs 1 :;t ':/�� 71 :;t / :/ ':/ 7· 0) .:c. ::1 - tJ· GfJEx.. t.::.�1;0) slant range R 

c J'f;�fin!IJ vc cl: Q Cs � "i --c:-0) mtffiliJl � Jt tic L k t 0) --c:-cb Q . fiiij � 0) ra1 vc vi, .*�1¥1 t.£ :;<" v 

iJ � � G :h Q iJ � ,  -i- 0) @: lzsl iJ; m?Bl 0) E ,Iii jffi� i:f:t 0) Jm #rvc cl: Q t 0) iJ • , 1t11Jft� El f* 0) 11:JHc cl: Q 

tO)--C:'SQn• , :!liE�fti:f:t--c:·sQ. J'c�fin!IJO)��iJ� 50m --c:-sQ, -:_  cvi, -: ;h, GO)�M �  

fi :"J �ifvc t ittJ• t.J:tffi'iWL��x.. Qt 0) c�x.. G:h G �/ .· 
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K-9M-42 23 FEB. 1973 

TANEGASHIMA YAMAGAWA 

------
_A° 

.C 8 12 .C 8 12 

�10 K-9M-42 i}� Cs !U: -*llfflU,�O)ri;'liO)miflf·O)�r1WJt1t;. �-�:t%f�JJ;iJ• GJ'c�El9v;:.;J<� 
t.:.@:. ,�-�:t 7 1  ::t / ·/ './ 7'0) :r.. =z - iJ• G;l<�t.:.@: 

Fig. JO. Time dependence of slant range R from camera station to cesium cloud. 

l:�vc1t•�J't��flp 0 -C , -i- 0)  drift n• GJ:�O)•m. �>J<ooQ��vi , FoPPL, HAER

ENDEL �vc cl: fJ Mtoo G:h -c J;)JIE, �oo--c:-�!vvcfih:h-C � t.::. (HAERENDEL et al., 1967 ; 

FoPPL et al., 1967). '2{JI H:tl9711t=- 8 Y.J26 B 1935 JST vctri::> J:vf G:ht.::. K-9M-33 %five 

cl: Q i:f:ttt Sr � c 'f4t;Jft Ba �O)_ftffij'2{1, t.£ Gr.fvc3¥fifi '2{1--C:'S Q. --�O) drift ii• G14t� 

�>J< ot> Q vc vt, 71-ffil'f4tJl!.O)f.::.ot>1=. L Q11M�P-J 0)5J':fi1Ji'f4t�O)�ti ��ll Lt.£ 1.,  ,�?xJLi:ftlO)H 

.f*c ,  -i- 0)�-�©Q�}J(�tl Lt.::.-{'X}!j:fJjO)ffJ;:7*iJ� 40Qi}� (NAKAMURA and KATO, 

1974a), 1., ,f;hvc L-c t ,  -:_O)�� ' ••11'. v:tfJ& <  5J-ffi1t�v:t.+� 1., ,0) ""t:' , ••�O)�v:tf§ 
. .. . .. . . . . . . . . . .. .. ... .. � - . . .. .. . 

ft{ ct., , ij f&JEVC 3L: 0 -C \, ,Q. ,:_O)f.::.oom•�O))i\,� Vi vi, �M� B ?t� c  9 5)-�0) Ba � 
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220 307 

200 30.5 

1 80 
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131.5 131.7 131.9 

1 (OE )  

�11 197 1:¥ 8 f:1 26 B 1935 JST vc:}1i:JJ:� Gntc. K-9M-33 %:live J: -0 tj:111: Sr  �. tJ: Gene;: 

� Ba �O)j'[ffij� c fffi® . �O) ffO)��v:t9BJf't�O)�r"', (5t) �*b L, Ba �0){9JO) -" �  
-

r 1v vHNiO)f!ti:W- H O)JJJPJ �ffi-t . 
Fig. 11.  Vertical and horizontal projections of the neutral strontium cloud and the barium ion cloud 

ejected from #K-9M-33 rocket. The numerals beside the cloud represent time after launching in 
minutes. Vector H is the direction of the magnetic field around the barium luminescent cloud. 

� 1 K-9M-33 %:llvc J: 0 11tJl!.O)iJlU5E*'5* · E, N, z vt-tn-fh:W:JPJ � .  :ftJPJ � :&�fflfi[J:JPJ � 
- - - - -

r&:,5;-. B vt7iti}Rffi/.:l, Vi v:t11t�i� O) J\.J!, V n v:ttj:ti>t�O) J\.J!, E vt11tJr- (�-'--Jlr{J;}J, Eo v:t 

';:Jr- C�f'kJli1U) �*bi"". 
� - -

Table 1 .  Three components of magnetic induction B, velocities of neutral wind V n ,  that of ion drift Vi " ·  
-

and calculated values of the electric field E. The Zeroth order approximate value of the electric field 
-

E0 is also shown. 

Component E N z 
-

B (gauss) - 0. 028 + o. 318 - 0. 319 
Vi (m/s) +40. 0 + 15. 0 + 5. 2 
-

Vn (m/s) +5. 4 - 23 . 1 - 35. 0 
-

E (mV/m) + 1 . 01 - 0. 44 - 0. 53 
-

Eo (mV/m) + 0. 83 - 0. 33 - OAO 



No. 52. 1975] 109 

(l)ffttfttJ, Git� Lt.::. .  *fi*vi� 1 K.ffi-tJi tJ , order c L -C 1 m V /m �J.t, IPJ � viJtlm::15 

[tiJ , J:: IP] � 'c' a!> -Q C c iJ VJt iJ • 0 t.::. . 

� 2 vc v:t , Ba fflilt� c Sr 4t·��iJ•  G� Gnt.::. e n  i -c-(7) ffl3'Y-(l)fi,iJ{U{ltJ�Jt®c L -Ca!> ,Q .  

� 2 Ba Je1t:�K J: G1it9i!-tllU!Eif-a*O).ft�. KSC �:tJ.l!)cpl;�iti�r1c11fttllU7'fO)�. ev. �i��U. mor. 
���-��O)�-�� G � c ���-

� O)·�-�-��•&•�� Q � c ��IE L, �0)�40)m�•Km-�ffi�K�vt Q •  
9i'-nlt5.ttJttG� n "( l, , Q . �tJ:b'0 � 0)ffi� �c� vt G JlJA.J �nlt5.ttJt EE, �tJA.J �fflt7.ti)t EN "t:'� 
Q . 

Table 2. Comparison of the electric field measurement in the upper atmosphere using luminescent barium 
clouds. 

KSC : Kagoshima Space Center 
EE : east component of E in a plane perpendicular to lines of magnetic field. 
EN : north component of E in the same plane. 

· Geogr. Geomag. I Height EE EN E Location Latitude Latitude Date Time 
I 

(ON) (ON) (km) (mV/m) (mV/m) (mV/m) 

KSC 31 26 I '71 AUG. ev. 220 +0. 97 -0. 70 1 . 20 
Sahara 33 28 , '64 NOV. ev. 152 + 0. 20 -0. 73 0. 76 
Sahara 33 28 '65 NOV. ev. 159 +0. 40 - 1. 80 1 . 84 
Sardinia 40 36 '65 SEP. mor. 225 - 0. 40 + l .  75 1 .  79 
Kiruna 68 64 '67 APR. ev. 230 - 3. 7 - 10. l 1 1 .  2 
Kiruna 68 64 '67 APR. mor. 230 -5. 2 + 15. 0 16. 0 

t.::.t..:.. L ,  .:_ .:_ 'c' v:tm:;JJlJRiJ��-tHJR C. tJ: 0 -c \, '  -Q C. (l){&;E(l) "4) C. vc -t� -cmn�vcmm[t.c3¥ 

ffivc mW-:z-�� L ,  -i:-(7) 00 l*J -c-(1) Jtl 1P1 � , tJ: G tJ vc. �tlPJ � J7X:7tiJ� i� � .ti -C 1, ,  ,Q . 

c;h,tJ, Gffl:W-(l)*� � vi,  4t��-c- 1 mV/m, ffi:tt!!::15-c- I O mV/m, J!) -Q \, ' vi-i:";h,J;J.J::-c

J!> Q C c iJ�?tiJ• ,Q .  i tdt�3*-c·v:t3tllvc v:tffl3'f.(7) IPJ � viJt!mlPJ � ,  !=JJtnvc vi-i:" ;h, c ViUi' 

180° !P.tJ: ,Q r&�tlPJ � 't'a!> ,Q .  t.::.t..:.. L ,  ffi:ttg:J5(1)3�UtJtJtlm-c-tJ: < i§wJIPJ � c tJ: 0 -c 1, ,  ,Q (l) vi ,  

ffi1f;ffivc.5.§i 1, ,J.f!wJIPJ � (1) electro-jet tJ�ff;(E-t -Q t.::.&9 -C'a!> 6  ? . c ;h, l::>(l)ffl3'Y-(l)IPJ � iJ,  Gf!J 

1t1r L -C , KSC vi Sq-current (1)ji@J4t,C,,(1)�t-OlUvc.af> Q t  (1) c:'?jx. G;h, -Q .  

C (1) @7tfWf4§ IOA/mm ��(1)7t1f;�vc J: t) '  9e1f;�(l)-�;v-� � J- ;1,, :z-ffl�-tnvf, � 

(1) profile iP G¥e1t�JJKr(l)fllll.l!t, °' \, ,-c f;t}d'ttmll!'t�*&9 Q .:  C t  'c' � Q .  "£. t.::. , m�im 

vc.:r-ovt 0fflilt�(1)1$ViJ, G, -i:-(1):itg,�(l)w13'f.(l)jj!PJ�ffl0 c c  t -c-� 0 .  

LtJ· L ,  t1.-1::a" ,f.tt t i-i!IA�(l)��-c-aI> 0 -c, *�n�-1::m�tJ:&iH�,(1)•�, ffi1tffi-c

�,�t.c�r�,(1)•.:z-*&9 ,Q vc. v:t , t ? 1;J; Vf.(l)�A,t.!..:15A:z-�0�,�tJ�aI> 0 .  -tt.c:b�, �r�, 

(l)�if§ GJWJIH!(l)®�mFf,  %r c. J�)t L-C9e1f;-t,Q TMA 9e1£;�:z-ft Gt.t <  -C vi t.c GtJ: 
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\, ,i)� . khr:::.v:;t TMA �:!3W.,.<; -1 7
°
*�fi���lf;i; Y""tJ: c'� ffl!':-t Q &::,�il�S Q (r:p*1 , 

I 966) . -751�Hbi0))$.l., ��m-t o v:::.v:t. , 4HtfliJ!U,12,�=:. --c-- '7 Y'.:€J\::�����li: LtJ: < -n:t.tJ: GtJ: 

1, , (NAKAMURA, I974b) .  Lt-:n� --::> t .:. n GO)H@ja, 1;);'tJ: < 2: t m=�oc. s01;,a.:t

htJ�v=:.*Jl�J6A,"(·fr < O)n�*�-es Q c �*- Gh �) .  

3 .  T¥Jffi K .. to vt 0 �:J't� P 1r 'Y r ��Himi 

1eX� P 1r 'Y 1' ���mffi··err 5 �ftO)�� l kO)HiITTiv:t.·fO);iffi IJ -cs o. 

3. 1 .  il;fftlitf!� 

(1) Wrl¥P�im (2) � --=H:tit]rJlU�,B (3) *�B!B·im,ftr0)-=.,12, 

ti 'bJ:vf O)�{tJ::v:t .:. 0) r:p ,  2 fliJ!1J,12,0)1eJ\::�fliJ!1J:Jj1tiJn�RJh t 1, ,  0 .:. c c·tb 0 .  ffiffic·v:t. 

xft9':v:t:*�l¥Jc·2b "'.) -c, t{,: s rf=l, 7·· 9 -+f - rn�*-11 < c s  c � s 11:�afl'h o .:.  c n��v,O)c· , .:. 0) 

xf��f4=vitEI�i3t1Jc·2b o .  

3. 2. . il;fftliiiiffi 

A. � im,B v=:. 

(1 )  K-20 �iJ ,;1. 5 C P 1r 'Y 1, J:�it�tJ: GOK T��v=:.¥eJ\::��f'f: IJ ,  -*:�O)iE[l!J tt�fflffeiJ 

.. f 0 ]: 5 fJ:�irvi 2 ir&::,�-=c-� 0. ) 

(2) iJ ,;1. 7 �"Er ( iJ .,. � - ft) 

(3) 7.Ks\�HtJ: GUv=:. iJ  ,;1. 5 § iJJ,fWl!J�ffi 

(4) Jffif'Btl 

B. 13BflJ£imv=:. 

(5) 7 -1 ;;t / '/ Y7' 

(6) �5tfW�!§��%XH 

(7) kO)ftE 

3. 3. A M 

�JJUJ!IJ,12, c t 2 1'5 

· t.::..t!.. L ,  •. aBfll£im c dj.--:HtfltJ!IJ�,12,vi,  ti't:>J:vf 3 B fiJ l IJ � ffi\iJ� I B tfcfF.J:Fi:ij ta1J-thvf' 

·1'11. ::k�B!Bim#r-0s.v:tM*-�ri:i90)-=f5Ec· ,  �ffil 2 1'5i.l� iJ 7·· - 7'ft�J:.lff.c'c'iJ, vt , -�B'j 

MJi£im c -t 0 
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ll!j,JUfflt!O) ev. �i6TJU, mor. �iOOJJ, n vi�rai, d �i�rai . �ill�� § 0) Vn vii:f:tft�O)J.l.tJI. 
-

Vi �i 1ltM�O) �t!. D vi!tttf*�. T n vi i:f:ttt*�m!�. eddy vi !LvfEO) ;q·· - iv �ia:J-t. 
Table 3. Some projects of artificial luminescent cloud experiments at : Syowa Station, Antarctica. 

T MA : trimethyl-aluminium Tn: temperature of neutral atmosphere 
n : night . time experiment 
d : day time experiment 

Na, Cs, Eu 

Ba, Sr 

TMA 

Na, Eu 

3. 4. �-itiii 

� 3 0)jj �  

1 2  

1 2  

1 5  

1 2  

S-310  

(S-210) 

S-3 10  

I 

S-210 

(S-3 10) 

S-3 10  

I 

Te : electron temperature 

-
(80) Vn 

1 20 ev. D 
1 50 

I 
Tn 
-

1 80 ev. E 
Vi 

230 
I 

mor. -
Vn 
-

80 Vn 

n. Tn 
1 20 eddy 

-

1 20 d. Vn 

(1) m-Jli&fftJi S-31 0 JZJi S-210 r::.. J: Q b'�tlO) Na ¥6:Yt��� 

Te 
!1!!1:�� 

ne 

Te 

ne !1!!1:�� -
Te 

�J:JA .... � 1  7".*-5:R; 
ne 

Te 
Zeeman '.:f:J'c;� 

ne 

::k�jJ�l¥JF:::.arJUIU: ts: 0 --C \, , Q �Jj_'. 120--200km O)��a> :h ,.� - ,t- Q S-310 1.J�� "i L 

1, ,iJ� , 120""'150km O)�fj� O)d:,1-a>il G 0 --c S-210 ··eJlf)JO)��a>fi 5 0) t 11:tfa>�ts: 1, , .  

;: O) �ir, !ID'c�vt :h � 5 0) 1A'JlltffiHfJil, G>J<&l_) G.tt� O) "c' , v - ?l··- r 5 -:/ .7- ;r- -:/ 3t' vt�,f L 

cbffi:tt Lts: < --c J: 1- , .  tr Lom-=r-mtoc:to J: e1mocO)?JtU5E�O) IA'J*a>ifi"�i"" Q .  mrEl��O) k  

&'_) ,  Na 7!J!O) q:tvC Cs, S Q \, ' vi � G vcm•$0) J: (, , � - P l::0
'7 A  Eu a'�A L,  IA'J�vcm 

-� t f'FQ . 

ts::to, Na •vt B *--c-s GiJ, l:&l_)f'f � ,  :!l:l'lirc-vt,#-x�a>�Ai"" Q t.:vt --es Q il� .  �Mf* 
�� GL1K-��-K�,t-Q Na .O)tt�� GL1K��tta> k&'_)i""f-:&'_) , B *K:tovt Q $00 

O):l'!!U::��il\��p�,�--c-s Q . 

(2) m 2 /li&fftvi S-31 0 vc J: Q Ba, tJ2 Gefvc Sr ¥6:Yt��� CmJl!.O)?J!U5E) 

'"c' � t1Afb'-Jj C �"jj"O).=@Jfi 0 --C ,  mJI!.� !1 r Iv 0) � �ii� c' Iv ts:��vc ts: 0 --C \, ' Q i) > a' �  
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� 6 . fflJr.(l)jfrfiJ (7) 8 §£1Ui , �r�Jl4'm:ll�c-am�t.ci;Ul!··es 6 -/J� , li3zooc· v:tflffl<:-t(l) 

ffQ(l)Fr:i5mI i S -?  -C ,  §f=jjf (l)��vi�6b-Cmtft.c'S 6 .  c. (7) ,BIIHfUlt:tt!H=:.:t:.n , -c ,  Jl'U'.Z J:f1� §f=J 

jf(l) i=z 1r "/ r ����fi 5 JiU%vi�00 -c*� 1, , .  c_ (7_) :1$J� t  Ba �vi B *c·ft lJ , -�1�v=:.� 

Ji l t.c 6 (l) c· ,  ci0 G-/J· C6b 8 *c·:tt!tl:·.�.��fi -? -c:to < ,Q;,�-/J� � 6 .  

(3) S-210 Xvi S-310 i=:. J:: 6 TMA ¥6::lc��� 

�iaj (l)J!B.{. �*O 6 k6b (l)��c-s 6 .  IIHfO�:i:t!!c· vi�§f=Jlr!j:n� , EliJ• G'.f}(�v=:.t,.(;t -C24lr!j:n. G 

I4lr!j:vcf$tfr-t· 6 (7)c· ,  �Jlip�§£.:t -C Na ���fi 5  c. c v=:. J::  IJ ,  :i:t!!JJ!r!j:{l) tl1*f.t phase v=:. 

:tovt 6 J!B.\J!� *o6  c. c t  AJ�� c-s 6 n� .  J!B1.*�fflWvi-Jfc· v:tjc�rWJfltv=:.ftr¥=-t 6mi t ci0 6  

(l)c· ,  � vi I) �iaj (l))!B.{. �>J<6b 6 ��n�� i h 6 .  kt� L)c(l) t-=.ob F:. vi� -C Iv--'� 1 7
°

*(1) �:i:t!! 

1#;i6 t ,Q;,�c·ci0 1J , ¥6!k(l)J'e::�flt t  Na � Ba � J:: IJ * � 1, ,(l) c· ,  TMA ��vi.  Na, Ba 

��-/J�-fc:J!v=.---:) 1, , t-.:f&r:.�1if!!:-t� � c-s0 5 .  

(4) S-310 v=. J:: 6 Na-Eu 'JB::lc��� 

}Ef.j13j(l)¥6::/t���/:H-t 6 v=. v:t , -Ii' - � :/1YJ*�fljffi L t-.: -1±' - � :/5l'.::ltW� 4§-flmU,Bv=.filtfit 

L t.c < -c vi t.c G t.c 1, , .  i t-=. ,  -i-(7)1& IJ f& 1, , v=. v:t EI lb n ?- "7 l Jlt.c IJ , �y-(7)��\**��-t 6 (7) 

c· , 3 ::h FJr(l)fl{}W,Bv=:. , :P t.c < l i I (6f---:) (l);ij!� Ji-fil;Fj:Jfl_�����ti: L t-: 1, , .  c. (7) t-=.clJ,Q;, 

�flt vi* � 1, ,n� , J!Jfft c L -c vi1�vc t.r 6 . 

3. 5. fe:�ill 

4§-fi¥6::lcf,vi, �t'Jt.i:: 1, ,  L�--r.5}(7)-;pj;(l)i,�j v=:. ,  active t.i::!frFf;/xi{Wj i/rrl. :ti 7-. 'i' iilift-J-i" 6 O) c· , 

)c(l)J&t75n , vc v:t-f-5}��---:)v"J· 6 ,Q;,�n�2f!) 6 .  

Ln• L t.riJ� G)?fJ: < l t Na �' Ba �t.i:: c· ii,B!k�'i' 7'} l -C :tv· < JSJU J  , '/ a "/ � -\b tf\O) 

t-=.6b¥8!k Lt-.: IJ , Jl .-ffi'Ez:(c-;'i' �  c. L t-.: IJ -t 6 c. l v:t� < t.i:: C · .  Je!JJRfiH=:.,rA1. 1<fi'i':JifiA L t-: 

1&vi , i:z 1r "/ H t� c fq)fft.ci& 0 1lk v, 'i'fi 1, , ,  �fMJt UY} .s'l A� LL l L ,  �';J',c,Bx�v=-ttrfic 

n�vft:h� i iQ J:: 5 , ·�� ftlt�iJJliJ· G(l) i¥rWt�mu=-tt�-t ;,s .  t/Iri:u.ltt t tt�'i'�-t ;,s (7) vi,Bx 

���A�, c. h� li3Mffl�KM.i" 6 M��vt�� Q .  C. O) tc.�m:i:t!!K8£�•m�fil!'.vt 

-c ,  m�ft L -c M*it.r Grfvci�Ji+ :r: "/ � ,  '�EE+ :r: "/ ;,  �'i'fi 5 c. t ��� Lt..: 1, , .  

TMA �vi Na, Ba �c J:t� 6  c ,  vi o iJ , vc ¥ex L.J?-j"1, , 0)c· ,  #& -C lv vi!IH:¥1J�:i:t!!v:.:to 1, ,  

-c:wtf:�:b�fi 1, , ,  � --c  lv�vi ,  i:z 1r "/ r :Jt�tJJ,i.(l)f*1f;o;,J6,�c·2t!) 6 .  � vc���- 5 (7_) -e ,  

c· � hvf�-C A.,�.  1 n J=J � li3v::. i=z 1r "/ r ¥8M � h 6  c. c -/J�� i L 1, � .  

Cs �vimtE(l)JfA� l 6 �N IJ , '.1:1¥61¥J���fi 1, , ,  1f1* t?iJz�i" o O) c· ,  x� l fq)�(l) 

l& IJ :£&1, '7J�'.16\�C'c10 6 .  c. (l) fc.ob � i=z A M��v::. J:: 6 $:.�t.i:: Na )f1JA�mtEJm¥erpc'S 6 .  



No. 52 . 1975] 1 13 

i tc.Jlf 1, , :iq* ,  Cs � Ba vcf\ih lJ ,  .t ·1J m1lJJtO)iWj 1, ,  Eu � J:§ 1, , , Eu I L H 205A *'*JjtO) 

� l±l �  El f� L "'( I, \  Q i'J� ,  .:. O) �it t  mt:wliJ� G !1 p A ®��)J;i:\O)����i:p-e:-� G .  
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