
-UJF�fffu)(-
Scientific Papers 

WHi v: ;1� vt o � A Wt iJlU (I) 

�AtiiU1tfii(!) �9€ c WtiJIU*s*(l)J!� 

i!iJll �* • �#, ;a* • �IE ,.':. * • 
slE��JiB* • 9�� •** • t!R*fit!-*** 

Unmanned Observation in Antarctica (I) 

- Development of an Unmanned Observatory 

and Preliminary Result of Geomagnetic 

Variations Recorded at the Observatory -

Masaru AYUKAWA*, Kei TERAI*, Yutaka KATSUTA* 
Jiro YOSHIDA*, Takeshi TOYA** and Junichi SAKAMOTO*** 

Abstract: It was planned to set up several unmanned upper atmosphere 
observatories in the area around Mizuho Station (70°42' S, 44°20' E) in Ant
arctica during the period of 1976-1978 for the IMS (International Magneto
spheric Study). 

The first unmanned observatory, situated between Mizuho and Syowa Stations 
in Antarctica, was set up on May 30, 1977 by the wintering party of the 18th 
Japanese Antarctic Research Expedition. Observation of geomagnetic variations 
at this observatory was carried out from May 30 to August 23, 1977. 

The unmanned observatory consists of the following parts. 
1. Wind-driven generator 

Two wind-driven generators (DYNA Technology Co., model 1222H) are 
used for keeping batteries and instruments warm. Each generator can supply 
electric power of '""200 W on an average when the wind blows continuously 
at a speed of '""10 m/s. 

2. Heat insulation boxes 
Batteries and instruments are put in two heat insulation boxes. The boxes 
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protect the batteries and instruments from low temperature and heavy snow 
in Antarctica. The wall of these boxes is made of veneer, aluminium plate 
and styrofoam plate with a thickness of ,.._, 10 cm. Using thermostats and 
heaters ( 200 W for the battery box and 100 W for the instrument box), the 
temperature inside the boxes can be kept from 0° C to 10° C near Mizuho 
Station throughout the year. 

3. Instrumentation 
Fluxgate type magnetometer 

Component 
Sensitivity 
Range 
Power consumption 
Timing 

4. Recorder 

H, D, Z components 
10 nT/mm on the chart record 
±1250 nT 
+ 18 V / 100 mA, -18 V / 60 mA 
Chronometer (stability 108) 

The heat pen recorder is used. The data observed at the unmanned ob
servatory are recorded on a chart which is replaced every three and half 
months. 

A specification of the recorder is as follows. 
Available chart width : 250 mm (± 1250 nT) 
Recording speed 
Power consumption 

5. Battery 

30mm/h 
+18V/ 670mA, -18V/100mA 

Layer-built air cells are used for power supply to the instruments. 
In this report, results of the environmental test of these facilities in a low

temperature room are given in detail. Furthermore, magnetic variation data 
obtained from the unmanned observatory are presented. 
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Fig. I. Location of two manned stations (Syowa and Mizuho) 
and four unmanned stations (AI-A4). 
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Fig. 2. Sectional structure of the small-scale heat insulation boxes. 
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Fig. 3. Thermal characteristics of the small-scale heat insulation boxes. 
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Fig. 4. Sectional structure of the wall of the large-scale 
heat insulation box. 
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fl,C7)$W:-C'mt*) tJ*, E§UJ • r§Jfil:} (1971) ct) Q l'vi�ff (1973), AWANO et al. (1976) 

tr c' � q:r ,e-" c L t-.: fYf '.JE fr5 IF_h iJ; J.fil I\_; -C' 2-D "? k. � l 2{'k �� C 1970,.., 72'¥) C7) W Hi • q:r ffi ( W )Ji 

@, 1974) vif!Bto�:1mu J:: U:J-;-. f �iJJJ1_g --e�l![JelW!C7)�Wf(:f' -!l Jlxf�vc.nx:m L RliVP:JB 

�t,;oqtffi-C'-l-%12iffl-C'@" 0;:. c ���Lt-:. J}��-c,vi1970+[jf iJ, G ffitil3 r:' /' 1' � 7 3 

:/ F, F 31 ,,::: v-i'fuJ.\lXC7)_,,::: :/ ::l�:t-fu-C'.:::. ::i. - :.)- 3 :/ F�iJ; 12VDC J!fil.�JB�t,�:tfil� 

ili{J!IJ@C7)*mfl.)J';':� c L -C, �ffl L -Cl 'kc C7)¥Ji 'ti iJ; ci) Q (CUTFIELD, 1970; NEW ZEA-



No. 66. 1979] 

Governor 
Brake drum 
Propellor 
Brake lever assembly 

5 Brake rod 
6 Generator bracket 
7 Vane angle 
8 Vane 
9 Vane brace 
10 CoUector ring assembly 
1 1  Tower 

� 5 r'J 1 :,,, f- -\-7 - � -\-7 - 1222H �Efil]f[¥@,m�oyfft�� 
Fig. 5. Outline of the Wincharger 1222H-type wind-driven generator. 
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LAND ANTARcnc SocrnTY, 1969) . B *�-ev-.tjt,}![0BtlU,-ifUffl vc. J: � fmiJ!U vt t- n i ··-eH 

imi � ntJ:n � -0 t.::.iJ� , �Afm?:f!U:otfi�O)�'svc. �t.::. -0 -Cf}]eo -C �ffl 1� (/)Hifili�:&-ctc.. *�� 

�-� * � =¥ -�ffl -� t L -C , * 00 � 1 7 · T ? / P � 1 li � (/) � 1 � + � - � � -

1222H � (DC12V, 200 W) j\,}![0Bffl���A.ds:. 1222 H �j\,}![0Bffl�O);ffi!j;f@!� � 5 vc. 

ffe L ,  -l 0){±1*� tJ Tvc.�-j'-. 

� : Wincharger 1222 H 

56 • :me : 4 ffi5t� @ w:t: 

:i'irckfflEE : 15 V 

=¥ -v .It : @*5 

7
° 

P ""' '7  %:t; : *� 2 7· v - F (1 .8 m¢) 

5£ * ?i'J. :I: : DC12 V, 200 W (--10 m/s) 

@J��f!mrn=i : 270/900 RPM 

ffl EE 1tU � : t,t. L 

f V - =f" : -}f ,,� 7 - 1J;t; (�� 7'' l/ - =f") 

1222 H �jt,}![55ffl� � .A 7'" A vt ,  (1) 55ffl�*�n:-AA'.O).m�w 0B ffl�vc.J:t��ir$ . 
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1J\�lJi:£:ll:, (2) 7'' v - =-h".l:J&,l;':JJ�lum L t::.'!E.� -JI ,, ::. - -r - JJ;J:, -e, l#�iJ:ffi&'.) --c rm* -e 

� 0 ( :h-- ,, ::.  -r - viJ\J! 10 m/s tJ J: c' 7 '7 ,;; 7'17;[Hj t ,  7'' v - =t- c L --c f1IYJ < c [PJffiY:v:::J " ;;( � 

]![�j;*vc J: 0 --c �mtJJinUJf} 0) �. �ti: O)fJKlb!Vf 11:. 0)-flJJ c t,r 0), (3) t-.t � 0) ;7 r; - vi 4 * 

1� c-�F0 '-ft vc.fl < 3¥-fimiJ; t :h --c u  9 ,  �i':iJ:rs1� -e � 0 ,  t,r t· 0)¥f:Bt�� L, �i��iJ;�� 

55'��0)�5E&$c Lt li,tuJ\� · �'+ · *J3.l'L�iil:�£ · *11ffi · ���tra\tt::.i"55t!Ul§1J� 

�i" 0 � /:( O)�{L:j= � vf �:f:fEJE L --C \i ,  t::. . 0 G vc ;: 0) a]l[55ffl:t:\Hi 1975'.r:f- 8 }j 23 8 �*Lt::. 

ita 6 % C a  3¥-t�i&:*:�J! 18.4 m/s,  �Fici9l'&:*:aJ! 29.4 m/s) rvcuvt 0 Jli)Jff:J:xmz.,,  

ffjzj!-t 0 111Jllll.rJ�mtJf¥��0)�*iJ· G,  ffitm�¥f�0)11£llirl� 0 \, ' vi�iaEEr c 7'' 0 -tf - r 
• :1:tg��) c' t *% L --C !lw{ti" 0 ;: c n:-J-5t:1JH�f c' t 0 t 0) c' � 0 t::. . 

4. JUJ§smt�� 1 tJ�f''f1J?dgffiO)'t11\f��� 
4.1. 13 �Jill:: � 0 Jil,$.��;fl0)11.J1'1=�� 

1975-4'- 6 }j �l'Lffit·t!fuJf9i:FJr�J:vc 17 1 '/ 7 --17 - ::, --17 - 1222 H �j�l'.jI55fflt,���ii/:L, 

§ �ave J: 0 filfJf¥:l:xl��fm.%'-� Lt::. . ��vialj[551[�j0) l±\ :JJ�M:JJt�Tmc-mJt 0 -tt  0 fs"i� 

�@ ���J:§L--C , �Zm��KU vt 0 fflff · ffl��� J: a 3 �aJ!tt0)�%�� '/ l/ � 

!f c't2!1 Lt::. . ,l-O)�*IZI 6 vc�-t�J! cl±\ 1J O)�f* �{�t::. . � O)�tJliJ5E{@:via�%fflt3l; 

0) l±\ 1J17q� C �;!vcx"t L "C �,f L t  [PJ-{@:� c G t,r \i , ;:  c �� L --C \i ,  0 .  ;: 0) m(f?slvi 7' -

;>' 1J!U%ttBFici"Ji=r § �aO) a JPJ  t aJ!n:itz L < �b 0 t::. t::. &'.) c- , a:iµ55fflt,,�O) 7
° 

p � 7 0];".J:wrt 

ft=tvc�{t:i" 0�JP]vC3t�vc�Jtifi L x.. tJ: iJ• 0 tdtf-*1=. [, t::. t 0) C m�c' t � .  J!fil. lf- % '� t� 

vi, 1ZJ 6 vc J: :hvfaJ! 10 m/s c'U J: -l- 125 W O)�JJ��zijvC#UixL t::. t 0) c :J=l5Ec' t 

0 .  -t- ;: c-�{t*mi.f§i A (5Et% 100 W 0) 1:: - 3-' �VITT) c B (5El% 200 W 0) 1:: - 3-' Jl {rJ) 

O)f*ililt � ;:  0) jl_�55fflt:lt 0) l±\ 1J c-� '.:! ;: c vc i":hvi, jl_J! 10 m/ s 0) &\iJ;flX '@" ®Evt 0 ffl� 

rvC U \,, --C f*mi.�§ A vi 41.7 W, {:!.t!:m\_f§i B vi 83 . 3 W O)ffl;J t".l;#Uix 0 :h 0 ;:  c KJJ: 0 .  L 

t::.t".l; 0 --cwu1*ml.fjvi, ?1'1-fmrllll.oc 1 9 t t0 22°c r&b \, , 'iH'3 rllll. l!t � 1*.Jvi" 0 t 0) t tft%c- t 

0 .  ;: O)*s*vi���iJ;�H § � t Lt::. ,  3¥-:f.��J! 10 m/s ,  ?1'1-ifi3mi.!Jt - 30°C O)J��r 

c-�l*Jllirlgr� 0°C �ocvcf*:f=¥i" 0 �AIUJlU���rrJliJE L t,r 1i , .  -t- ;:  c'*tllll.ii""-O){�!Uix�t;_ 

�ffl-1*='/i" � ;:  c �% x.. ,  1222 H �Jffil.lj[55��J:O) 2 it�YU3!l.Lffl�HITIDLts: . c O):f;§i:i'vijl_ 

J! 10 m/s �cu 1i, --c f*WilJij A vcvi 83 .4 w, *ilili.ffl B vUi 166.6 W 0)�1J#UixiJqtJH�c- t ,  

��O)f$JJJ1J�Avc L t::.b; x.. vi, wu*mi.rl"i t t ?1'1-fmtlffi.§f 1 9 *9 44°C tJJ::O)�l*Jmi.m'.�1*":> 

1:iJ13[§ 1l�iJ;� fJ , mJ?:�O)�§t § ffl�-J-5t1rJlit::.i". 



No. 66. 1979] 

w 
200 

....... 150 

I
::> 
0. 
1- 100 ::> 

50 

5 10 
WI ND VELOCITY (m/s) 

15 rrvs 
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Fig. 6. Relation between wind speed and output power of the Wincharger 
1222H-type wind-driven generator which was set up outdoors. 

4.2. �±���'.¥'.(:: cS lt �Jil.If[�fflfflcS J:: tt.fJi�d.ffiJ.ffi©ttti��Jffl:i!t 

1 1  

4. 1 .  -cvi EI �Ji. rvctovt Q JP![�ffl:�O)i!J{tfl�M=*il· G, �{t-t Q �Afl?llUofrffil!'.vcm 

� --c- � 0 1*@1. '[it� vc "J \, , --C § :&. L t-: . 

;: ;: "c'viJt]l[�ffl:�O){f&@l.ffimrvc. to vt 0ib{'f��{tf*@l.mil���vc1f-t01*@1.t�:JJ� 

w!u1E-t Q § B"J-c'fi 0 t-:ffim��M=*vc. "':)\, ,--cflH�·-t Q . ��vi l975� 6 fI 30 B il• G 7 JI 5 

B O):J!:,§Fat ;i*�:ftf± � -it tJ * - A �,g<fjJf�fflO){f&@l.ffim�,1j(�vc:J;o\,  \ --C�ofrf Lt-:. 

4.2. 1. ,J\ffl!lU!RJ�fUJ¥1 L t-:Jt]l[�ffl:�O)ibft�� 

��vi � 7 vc�-t*a*J-c,�M!?: L k. M=*vi� 1 to J: u� s vc�-tJi 9 1222 H ffl!Jt]l[j'e 

ffl�0)'.7E;f,1Hin��£,fL cb tr/ilit-: L t \,,fJ: \, '. i*lzsl c L--Cvi, (1) ��vcfUJ¥1 -c' �  0ffim� 

1��173�Fa9il�f-7}--C'fJ:il• '0 t-: t-:'d:J vC, Jt]j[�ffl�O) 7° 

p � 7 1filiJ;Jl. [P]vCx;f L --c��)J[P)� 

c 9 x. fJ: il• 0 k;: c ,  (2) .it nF!l o 0) @  il� 7° 

P � ::;  ffi J: 9 ,J\ � il• 0 k;: c tJ: c·il�� x. G h 
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Wind Tunnel 

� ,  ��fflm�•�����m•%m•�� tt�• 

Fig. 7. Schematic diagram of the environmental test of the 
wind-driven generator in the low-temperature room. 

� 1 Jili11fIJB���*'ef'l"E 
Table I .  Characteristics of the wind-driven generator. 

Wind velocity Output power 
(m/s) (W)':' 

1. 3 0 
1. 9 0 
2. 3 0 
2. 9 1 
3. 4 1. 7 
4.2 4. 9 
4. 5 9. 7 
5 .2  17. 5 
5. 7 2 7. 7  
6. 3 41. 7 
6. 9 54. 9 
7. 5 68. 0 
8. 3 8 6. 9  
9. 0 98. 4 
9. 6 123. 6 

10. 2  13 8. 6 
12. 1  15 7. 5 
15. 7 172. 9 

* Load 2. 8 8  Q 

Remarks 

Governor functioning 
II 

II 
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WINO VELOCITY (m;s) 

� s 1JJ:ili[���.lfri'� fc.tovt 0 Efil]l[%'fl�0)9B1it%tt 
Fig. 8. Output power of the wind-driven generator as a function 

of wind speed which was obtained from the environmental 
test in the low-temperature room. 

W i nd D istr i bu tion 

� 9 1JJ:rli[���.Wit�t?: fc.tovt 0 Efil]l[9B'fl�fcxtt- 0 EfilO)Jtm 
Fig. 9. Wind velocity distribution near the wind-driven generator 

in the low-temperature room. 
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0 . t:> tJ: ;J;.. vc jt nµJ o J:: � � � 1±1 � h Q Jil. 0) 7
° 

P "" 7 mi ""c' 0) j1, Jf 0-111 � � � Q c ® 9 t.J; ffl G 

h k .  L t-: t.J; ":) -c;f;:��vc.. J:: ":) -CfflGhk.jt;f-/±l :1:J�'l1: (® 8) fi , 1222 H �j{,}j[3£1[ 

tlO) lE�tJ:11:t��� L -C \, ,  Q c v:H , x. tJ: \, ' ·  L t.J� L fJ:iJ; G ® 8 vij{, lj[3B1[tl0)3B1[t� 1:J � 

)Ell Q § * c L -c vi 13 :t:h tJ: ft;f4 ""c', jt J! 10 m / s vc.. :J:o \, , -c if8 140 W / JS' 0) 1±1 1:J  t.J q1m� ""c' � 0 

��-�vi, 1222 H �jl,lj[3B1[tlt.J;1*mi_i§ A, B 0) § � c --t 01*ml.:t:h:!l!Hc -t5J-td?!tl:� 

#Uir--t 0 PJt�tt �13 L -c \, ,  0 c fU�""c- � 0 .  
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4 .2 .2 . �1'F1*tfnUEi O) ·litt��� 

wt{'F L k1*Ui�?'§iti;�f� �cif-t o f*iliil.t§ :1J vi t.'' O)�J.ft't'cb o 0) ti" Jlffico o kco�c{E:ffnUlfJ� 

���fi 0 k:. ��vt. �100)  J: 5 vc {*iliil.f§i�:;J(}�'CFf«J 30
°
C o) {E:ilii\.�vcMxA L --c,  1*Uif0 

113 r: � 3< vc ;IBi § t,i:: '�:1J (�ti:) � �Q x.  o ;:  c vc J: 0 f*W!i§itiqf1*-t o �!AJ&i� c )'}'.5<\u-1-t 

Experiment 

No. 1 
No. 2 
No. 3 
No. 4 
No. 5 
No. 6 
No. 7 
No. 8 
No. 9 
No. 10 

Low Temperature Laboratory 
(about -30°C) 

Thermo couple 

------1----1 Thermal 
Recorder 

� : : 
(Thermos;�t)�'- : 

•20°C : DC Power 't.::.z=========-+--_!_--l 
�ater200W:-

• Supply 

Insulated Box - B Thermo 
couple 

·:�: 

IThermostat) : 
\ . .  o•c :; :. 
� - - - - - - -�;��� :.. H_e9.!e_r J f!J.!J_: 

Insulated Box-A 

� 10 1.1:x:11TI.JIJJt%�:tn=-t-3" it 0 �.AJl(=l?Jtilffi'f*rll[f@.0)1*1:J.:-t� 

Fig . 10. Thermal test of the heat insulation boxes for an unmanned 
station in the low-temperature room. 

� 2 1*11l['ili A O){,l')ll[1[�"§5 

Table 2. Thermal characteristics of the heat insulation box A. 

DC power Outside Inside \ Temperature supply temperature temperature I difference Rema 
(W) (Q C) cQ q I (° C) 

6. 0 -29. 0 - 12. 0 
I 

17 . 0 Thermostat 
10. 7 -26. 0 -1 1 . 0 15 . 0 II 

16. 7 -29. 0 - 9. 5 19. 5 II 

24. 0  -26. 0 - 2. 0 24. 0  II 

32. 7 -28. 0 + 2 . 0 30. 0 II 

5 0. 5  -28. 0 + 2 . 0 I 30. 0 II 

74. 9 -29. 0 + 2 . 0 3 1 .  0 II 

5 0. 5  -26. 0 +21 . 0  47 . 0  Thermostat 
74. 9  -25 . 0 +22. 0 47 . 0  II 

96. 0 -24. 0 +22. 0 46. 0  II 

rks 

OQ C 

+20° c 
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tc. . f�Hil§i Ar:."'.)\.,  , --c !7)��*5*�� 2 vcffi-t. ��vif!¥dllHf§ � !7)  1:: - !7 @Ji!vc-it - -'E- 7' 

!7 � r K J: 6 m���@Jn�� 9 #� --c ,  � !J) ifJ�•m t �h --c fi 0 tc. . � 2 Kffi-t�� 

1,...,7 vi-lf" - -'E:- 7'  !7 � r !J) jfjfpfilt'.JE� 0°

C, °i f.:.�� g,..., lQ vi +20°C vCfilt'.JE L kJfs¥ !J) �  

�*5*---C:'25 6 .  � � *5 *vc J: nvi1*m$f§ A vi*9 33 W !J)�:1:#Ua-vc J: 0 --C Yt'Am J: 9 W  

30 °

c � 1., , ��m��•*-t 6 ;:  c n;fU§Jj L tc. .  c ;:  ;s ---c:-��m ,J\�*mtlf§��---c:->.J<c,f) tc. 

3ey§ 7' -r i:r - 1v !J) ���$ 8.9 x 10-5 cal/ cm · s · K c �*it1lt1J 33 W �,fie: 0 --C , A (1) , 

(2) iJ. G 1*mtf§ A !7)1*mt§:1J ��llii" 6 c ,  Yt'Am c ��m� !J)�viW 14.8°C c ft"- 6 .  

L tc.il; 0 --c 1*mffl Avi tt�fl C1*mffivcJJH�t L tdimt§:1J )  J: 9 W 2 ffi!J) f\J?Jffil.gg:1J �if L 

--C \., , fc_ ;: c vc ft"- 9 ,  3ey§7' -r i:r - ;t.,vC � .::.  ffN:ta J: 'Cf. 7  /V � �:tN�m:hith� --C:fwnlt L tc. 

*mt§Yt�vi ,  Wr�til*��c,f) 6 :i x.  ---c:-ffi.c,f) t7fftiJft"-)]$--c-25 6 t 1., , x. 6 .  

�fi=: L tdt�A�?J!U !J)1*�filt'.vffi*if1E!7)3<"iJi§ �� it 1¥Jvc•il·CJD 6 tc. c,f) vcftmfflm CW -30 

�) !J) $ �•*3Bffl8�ifJ� � �. � !J) lli :1J K J: 0 --C*mlffi !J)1*ml�fi 0 k. •*3Bffl8 

!J) ftm Tvc :ta� 6 ifJf"F vi ffi CJD --c J�Jf--c-, 1*mffl""' !J) �:1:#Uit t JI�� vc fi h h k.  � !J) *5 * 

1*mtfi A!J)��m�vialfRJ D ii• G !J)aJJ!ro 1 1  m/s ---c:-a*3effl.iJ;@Jl/ii�m� tdi'iJVC 0°C 

�¥-fm L k  (Yt3<\mW -30°

C). ® 11 vc ��!J);ffi�;Rl!®�ffii". 

fflm�.��vc:ta� 6 45-�ifJf"F��!J)*a=*vi , ffiffi !J)� L 1., , §�fflm !J) $--c-�f"F�A�?J!U 

:of!!filt'.il;�iua� � -t-5t*� L ,  �Ave J: 6 �ilJEc@�� !J) PJt§·l1:n; * � 1., , ;:  c �ffi� L 

tc. . 

Wmd Tunnel Low Temperatu re  La bo ra t ory 
( abo ut - 30°C )  

� 1 1  �,AJ1mrr��O)f.ff: 1.lfil.�.�.¥:-c0)��:r A 1-

Thermal 
Recorder 

power 

Fig . 11 . Environmental test of the unmanned observatory in the /ow-temperature room. 
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Fig. 12. Schematic diagram of the unmanned observatory . 
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PHASE 
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RECORDER 
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RECORDER 
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RECORDER 
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22.3 kHz( NWC) 

fs.T1___ -12V,  0.2A 
�·· � ( 576AH) 

+ 18\ 0.7 A 

( 2016AH) 

� 13 7 7 � 7 A �- r m1Jtt� � o � 7 Y 1 7 77 A 
Fig. 13. Block diagram of the fluxgate magnetometer. 

IBI 14 7 7 � 7 A 1f- i- 1rn11ttm H, D, z filZ7:1'-�l±!� 
Fig. 14. Fluxgate magnetometer sensors for H, D and Z components. 
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�0):1:!g f:j( m � rr ti W:i  L l'Clk�m��ffl \.,,fs:. .  m:1:�rrti W:i  L O)il@; IDHt, H ft},5'}- : 10000-

25000 nT, Z ft},7J· : 35000-55000 nT --e25 � .  ®14l'C.::::rtl,53-ijH!::lfmO)ffi;fm�7T-i". 

s. 1 .2 .  iu � fm 
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f!iU�HffivtJ:ffi1rifil�, t2S1MI:, tUfey{�-%¥61:1MI:� J: u VLF ffl�{/3% (NWC 22.3 kHz) � 

ffiMc'tjJnx; L' tU0� {§%¥61:� (-{:: 1 ::i - SQCT-510 l,](Effufcy§·t�i3e:JfJ) O)@vt7J<it\ T 30
°C 

vc�\i  , -c t  !IJbfpi'iJ§§tJ: tr-#t!:��-t Q f±f* c L f:_ . 

( 1 )  tw 11imii: Jro1r1EHtHt H .  D .  z %$::B-O)JUl1U{§%J'ffi�Iffit=� C - 100 nT ��IE{�'%¥81=. 

$0) 4 **7Eir• GJ5Jt 1? , txIE{§%vt4If.IEm1J- 3 :B-isJ /±tiJ -t Q .  

J1ifl �1mfm 0) ± tJ: f±t* vt tJ T 0) Ji I? , 

¥6tl1Km11FZ� : 17.8 kHz±O. l kHz 

1J :  ±50 mV/+ 1250 nT 

iJJ{tmtmJi1H1tl : -30°

c -30°c 

t]U 5E � [ft : 10 nT /mm (t2t:UJtJ:) 

� JJJ: ffi': 1J : + 18 V * 100 mA (nJIEfcy 3 7tll=lJvi 150 mA) 

-18 V  * 60 mA 

( 2 ) t2 jj fill: : ia ii rii v t {I£ mt T � J: 'Cf� A "c' ffeJt}j IE� IJJ l'F t; qw � "c' � Q :Jjj('ffl: t2 S 1J 5;\ 0) 

MC642-3B �!2tJdia: (WtilliU�N) ��JEL, !2SJ!oc 30 mm/h O)� wc ffl f]IJc'f:7 120 B 

O)*���S�PJ� K-t" Q k�O)���Lk. ±� tt� �t-JTK�-t. 

���Sm : �O mm ( ± l�O nn �-&��m : ��S�O)ff�O)&�K�JEPJ� 

t2 • 15 5;\ : :Jjj(�1J:i\ t2 !fi � [ft : 30 mm/h O)��, fflm'. ± 1% 

&2 jJ � '/ : 3 � '/ (11=1J� 5 mm) � '/ j! gf : 0.5 s/full scale 

I[ : 0 . 1 V /full scale 

1fil 1r,,i '11. : ± 0. 3 % full scale 

51- fj 11§ : ±0 .2% full scale 

( 3 )  VLF ffl1f{§%�{§�if : tUfcy{§%¥61:�c'{'F Q B�tU{§%vt , 7k1lfu tliK m/J�fUJfJ L -C 

\i \ Q k�{I£ trl llJ l'F � 'l'iiJ;�\i ' ·  � ;:_ c'8BSirtJ:vc.�� � tL Q feytU O)txIE� § El� CL -c'  

VLF t1H1g{�%�{El':im�ttJH'FL f:_ . VLF i:,J${§%�{§i.'Ht , ::t - 7' 1' 3 U 7 0) NWC f@'J 

iJ. GJ2Si§ � tL Q 22.3 kHz ffl$�{EZ��{§ L -c,  IETiitJ:feytU�tmiUt2tJ*vc� *- Q �tirc' 

Jb Q . ;:_ 0) 22.3 kHz AI�$�{EZvt , Jir,t 1000 kW O)J2S{§�1J c'lHm:J2S{§ � tL -c \i, Q 

iJ;, 2 fcy ISJ fin:. IE 0� 0) 5 51-§lj VC )2S {§�WT 'b , � 0) 4 5.Hit ( JI fey 0) 1 51-BJJ) vc jj r,t J2S {§ Jt; J: 

VJ f{{J 6 dB ::k � \i , � jJ "c' J2S {§�fl} fftJ , T Et IE B�H=-5c 0) J2S {§ � 1J 1000 kW v=-m 1w-t Q J2S {B' 

:Jljfl���L-C \i, Q .  *�{r§"Jg{Ht , t'i' VCIE�'O) 1 51-BtH=-t� 6 dB ::k �tJ:�1Jc'T!s{8�¥f�§--t 

6 {�-% O)ft 'b J:iJ; 1) ���D L -C , tJ 2 f}�lffi 0) +5  V /� 1v 7- �EE�� tU {li % c L -C t±\ 1J--t 

Q tJJ§§� t 'b , ;;l 1 --v 1v ffl VJ �*-v=- J: ---::i -c t-J T 0) -=e -=- !J -iJq��H%N= -!  tc. ltFtf2iW�-c,nU§ 
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� Y r � .:£:- -=- � - c��llin, mnm1±, Anm•m1±, �m1±m•m1±, �$ 

�ffiU�ffi v��. �� v��. ��m%lli n � E���) 

5 . 1 . 3 . tb{t�� 

1975� 7 }j ""f'sJ, !M:{tL tdtfURU�itc VLF �${§%)l:{§U��irib{t���J:t®(B� / 

-1 ;( �Y tJ: '-' '&±llOiit�!ff vC.:Ju \,, --C�:ufil L tc. . *6:5f!Ji.Et !ff- '·(', �vc. VLF ffl${B"%�)l:{a· 

vi@HlitB 1 mm, � '2- 20 m � 7 :/r r�,,jt �:tt!U:K.JfB!-t 0 t. c vc. J: ") '"Cfit�vc.)l:m L, 

iJ.v:) 2 �il39� � + 5 V ,,� iv .7-. llin (���m%) t ?itii--e:- �k. '! k 8 Jjl8B h·G l Jl§lj139, 

7.k,BritB 20°C � ffil}'[:fitif!.1iff�f9r[B�?t- l*Jvc.�lli$ · ft!J�$ · ic:@fffi:tu J: rY VLF )l:{§ 

U� E��*m��--e�itL, �mrK:tu �0tb����fi ") k. ��·���� ( l Jl§l 

j139Jl*1c) {1£&�� t fJ: < lEmvc.tb{tL tc. . 

5.2. iJl jlj � � 

�;M�AtitJ!U�fflMtvc.vi, Jl.}![�ffl�tJ: c' §J?&.:c.. :t- iv =¥' -�fUJfl-t 0�it c 2 ?kfflrt!1 c 

�*].�irb-t:t 01-¥ib1Effl15A �--h;fremITTK-�� c � x. 0 h;, �{t L k�Ati?J!U:ufil�vi 

Jl.•�•���mlli niJ;,J\ '2- '-' ' :::.  ch·G, *&mmMt tnmummMt�21JlM1ct Ltc.. *& 

JflfflMtvi 3 jlip "C:')ffi�k 1222 H MJl.]![�fflt-��:B*J:§ L, titJ!UJflfflMtvc.vt:m�ffi�fflftg(l ?x 

m ftg) � � A.d'2. :m�ffi Ji ffl rt!1 vi' (1) ffi Ji M '"(' � Q k ct> �JU • �JU� § EB vc. f,§. � ir b {t 

--cm��fflff, �:I:�� 0 :::.  ch; --c:- � 0, (2) .:©J:.ff:�, tm7.Kh;7G�\�--c:-�i\whh;tr� 

--c:·�0, (3) (2) �vc. J: 9 *�h;�£ --eJ1�I& 9 :JJk'-',�h;AA�. (4) 1.k,Br 30°

c vc.1u \, , --c 

g 

1 .2 

1 .0 

0.8 

0.6 

�- - -·:::-·-----=--=--:-:..:, - - - -• e.•••o · · • - •  ---- - -� . . . . . . . . . . . . . . . . ---�.' . . . . 
\ ···. \ ... . \ 

l 

-- 2 0
°

C 

- - - - 0
°

C 

- · - -10
°

C 
• O • o • I -20°C 

0 400 800 1200 1 600 2000 (Hr) 
Duration (hours) 

� 15 ��fl�fflrfuO):i&iln�'[>i 
Fig. 15. Discharge curve of the layer-built air cell as a Junction 

of temperature. 
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i mJ11tAJt�, t� 2:·· 0)41�� i ":l .  ;:: 0) ;::  c IJ, G*��vt��ffimffi:rfun;m� O)� L " <�� 

Tc·O)�J:§ vc ;i® L --n , 6 c fU!Vr Lt.::.. �15vt��ffim�rtf10)m\.[ltvc:xt--t 6 1I5c;:4'if'l>1silrvl c· 

j; 6 .  �vc�--t -20°C :/izfflt�'i11 illlm,l �{lJ§ L --c, ;%'9 120 B O)jliWf:f@UJ!IJ vc -h} t��:I:� t 

":)��ffimfflrm�a��� c L--c �� Lk. 

1977,:F s J=J 2s s ,  �Is?Ji:m�:ttl2t.H:x&mu�O)m 2 @J;. f vinHi�%: C:=$i:1t1m 4 15)  vt, �A 

W!mUWJ:�yfJ� O) f.::.c;b vc � I 0) AI /2� (69°47'08" S, 41 ° 34'3 1"  E, il� 1470 m) vcJU� L 

t.::.. Y!�vt� 3 O)�*l!muiG�iJ;�--t{i£ml., j$f!fil., t-tl1f1X� j; o " ' vt::t�:x]J;{JEJn�t:t- s 900C 

tJ Tvcvtt� Gt� 1, ,  t� c' O)� L 1, ,;fl�tk:�Jc·fibnt.::. .  s J=J 30 s vcY!�iJ;�-y L C�I6K .. WJ: 

�-����-t') ,  ��£�ft� �ffi�ffi 0) 5 � * ��;/fz���� L--C, �-O) �tt � b  

--lt�fi1, , , 2 1  hOOm (UT) iJ,  Gt@l1,!!U�fi�fra Lt.::.. tJ 1& , 8 J=J 23 B i  c· O)tJ,; 3 ;JJ J=J Fl3UHI � 

�it�!JJHc£--=5 1, ,--c �J\1t L t.::.�)dffl,1,!!UWJ:�vt, vi Vii:ttillliJi � IE'Jtvcw)J{t L, .&tift� :i'tlHi1l7<C::: 

nit5ttmmuiG��I&m Lt.::.. fl1,!!Uf:t-TFa9ili:O) 8 J=J l7 B ,  m 3 @ J;.fviM<fi�h;��O)��U®t 

IE�fi 0 t.::. .  �BfP£t-tl10)£*�H c O)�� O)�*' �AWl,1,!!U�fi:O)�Hvt ± I s �OC O)� 

Date 
(L.T.) 

1977 
May 25 

(1500) 
May 26 

(1500) 
May 27 

(1500) 
May 28 

(1500) 
May 29 

(1500) 
May 30 

(1500) 
May 31 
(1500) 

� 3 �)..ftJUflU:ifffi��fi�JtJm1ii=pO)��tm?J1Utc� 

Table 3. Weather condition during the period of the unmanned 
observatory construction. 

Air Atmospheric Wind Wind velocity Visibility temperature pressure direction (m/s) (km) 
(° C) (mb) 

I 
I 

-24. 1 I 817 ESE 12. 0 0 . 2 

I 

-26. 0 820 E 9. 0 5 . 0  I 

I I 1 3 . 5 I 10 . 0 -26. 0 819 E 
I 

I / I / / / I / I 

I -30. 5 815 E 

I 

1 3 . 5 0 . 1 

-33 . 1 I 
826 E 10 . 0 0. 3 

1 5 . 0 - 30. 2 837 E 12 . 0 

Notes for the table. 

I 
I 

I 

i 
I 

I 

I 

I 

I 

(L.T.) G.M.T. +3 hours O Clear © Cloudy + Blowing snow 

Weather 

© � 

0 

0 

() + 

0 I 

0 
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� -eltb{t L --C 1,, ,  t::. ;:_ c il;fit� -c:- � t::. . 

-jjleyt{U®(IEJ:§ c L --C ${ilfl L k VLF ffi${a%'.3t{a�vi, 19764 10}1 iJ. � 22. 3 kHz ffi 

W1nd-Dr1ven Generator 

Sledge 

I I 
I 

I - - - - - - - - - - - - - 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..J 

lg] 16 11Atmi!lU:bm�ffl�f'.m 

Fluxgate Magnetometer 
Sensor 

Fig. 16. Schematic diagram of the unmanned observatory which was 
set up in Antarctica. 

lg] 17 �Atmi!lt� (Al) --r��� ntc.=M71m��!a(l)�J 
Fig. 17. Example of the magnetogram recorded at the unmanned 

station (Al) . 
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t::. . 

� 17vcg·2ti0)-�G��'"t . i k � lS(a) ,  (b) vcftJUJ!U AUl+vc l o :riiHifl�ocfr. O)JtfxffeLl� 

� i'". � A tm lJ!U -� A 1 0) :Im$�( H $: 0-� 1 r. �,  L1lf¥D £ :ttg :}o l U;;,. -nt llJlli 0) tc: ii c .tt tx i'" 

o c ,  3 :i=t!t�#Jlic'* � tJ: :-;J- - i=z 7 · f v ,r � 7 ')' fmi�7]�_% G n o �, :c O)ocfr.O)��fta 

vC.bfiJ" tJ: iJ� G!B ll1j�;1J�i?c?.e0 G h  Q .  ;: :hvHB:fDJ:J-[g c'fiiJI!tU L, k * --- p 7 O)g\)J � C � \, ,t§ 

'*1�� L ,  * - i=z 7 O)it111=1j�f113j�!IUJ c :c 0) ffl:Uit:1w:©:��*1H vc_%:fie0 o �. �JJ lJ" "J-Jtru:tJ: 

tir1& c tJ: o c''&> 6 5 .  i t::. , 3 :tt!t� O)ftlltU!2i] c �t�fJJ O) Iceland Leirvogur (64° 1 1 ' N, 

21 °42' W) O):Lfil$�oc1r.�J::ttxi'" o c �r-:'R'� vc r,g ,t§ooiJ;J[ G ;h, ;: ;h, G O) �pfr;1J;][1, , vc:Lm 

$�+!��-� vc &> o ;:  c ;1JqlJ=J G iJ.  c' &> 1> ,  4-{f?} < O) fmzRUffeLl �  .LtJrx�l1i'" 6 ;: c vc l 0 --C , 

Leirvogur iJ; �l3:fD£.lm, �AfCTUJ!U,#: Al ,  ;;,. -J" vS: �:J:filO) 1, ,f ;h,O)ft lJ!U tili)�� c mt t EH '*� 

ti��i'" o iJ"JUico o ;:  c iJ� J:JJt§ c' '&> 6 5 .  � G vc Leirvogur {tJlIO) IMS :i:fuJ::ftiJ!U�j c 

aE(:fD£:l:li!�q:,,t, c L kt@llltUm!�O) :i=tQf����ttlltU!2�iJ" G ,  ::t --- i:z 7 vc {=j: 0 --C��t)i¥vcvft:;h 

o 'ffl:VTE, 1, , ;bv9) 6 :-;J- --- i:z 7 · ::) :r. ')' 1' �mt (AEJ) O)fJJffit�;©� AEJ O) m�triu�J:RO) ;:!-t 

JJLY 20, 1977 JULY 20, 1977 
2,ri 22h 23h :'.�,�v,L\l-v-�/V\ 

Le1rvogur 
Stat ion H ----i---------+-t--1--+---t-----1--

� 18a J3Bfp,  �A (Al) , h-fLt1-c, J:: U Leirvogur fC:t-c, ft �±-t!Hizt� 
H frZj:)-O)IR]S:;1}fmiUta�1YIJ CfiUg� f:t±-t!2m�O)j'f�ti6� tJ B 0) v � Jv 
t�--t) . 

Fig. 18a. Example of magnetograms of H component recorded at 
Syowa, Unmanned (Al), Mizuho and Leirvogur Stations 
(The cross line indicates the level of geomagnetic quiet 
day). 
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JULY 20, 1977 "'" JULY 20, 1977 JULY 21, 1977 
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1,oor 

A _/\_ -�IL � Syoit�t,on z - f��,�.ll/--"v',;rv��---
j1001" 

�n z��- ---1----��\IJ/. 

- - -

20 2 1  22h 23 ooh (Un 
I.., JULY 20, 1977 I I -.: � - �- - -: -:.,

- - - - - - - .. -1 JULY 21 1977 
_.::..,,__ ___ ____,__ ____ _L__�-- ,:... -- -

� 18b r!BfP, m€A (Al), J;.fH.to J:: � Leirvogur ··eW[i\lti� htd-th 
�� Z $;)t0)�1t � ;t- o 7 1Eib � O)�{if; (fjH,,1H±±-th� �O) 
ffi'tn, tr B 0) v «Jv ��T) . 

Fig. 18b. Relation between auroral activity and magnetic variations 
of Z component recorded at Syowa, Unmanned and Mizu
ho Stations in the Southern Hemisphere and at Leirvogur 
Station in the conjugate area ( The cross line indicates 
the level of geomagnetic quiet day). 
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