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Future Problems of Geomagnetic Conjugate Observations 

Natsuo SATO':' 

Abstract: Observations of geophysical phenomena at geomagnetic conjugate

pair stations are important for studying the physical processes that occur in 
the magnetosphere and yield the relevant upper atmospheric phenomena. 

Significant and feasible conjugate experiments in the near future are, 1) Obser

vations of several "standard" geophysical phenomena at the network of sta

tions distributed widely in latitude and longitude around the conjugate area 

in both the northern and southern hemispheres, 2) Coordinated observations 

by using rockets, low-altitude polar-orbiting satellites, geostationary satellites 

and station nets on the ground, 3) Active experiments, e.g., VLF wave injection 
into the magnetosphere from Mizuho Station in the auroral zone, and 4) 

Magnetic field line tracing by means of barium plasma injection. 
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Table la. Conjugate-pair stations in the southern hemisphere. 

Station name 
Geographic Geomagnetic Computed 

Lat. Long. Lat. Long. dip 

Vostok -78.50 106.90 -89.18 87.99 -78.3 

Little America -78.20 197.80 -74.05 312.00 -79.2 

Macquarie Island -54.50 159.00 -61. 07 243.15 -79.0 

Campbell Island -52.60 169.20 -57. 38 253.26 -75.8 

Scott Base -77.90 166.80 -79.01 294.63 -82.2 

Byrd Station -80.02 240.47 -70.58 336.07 -73.8 

South Pole -89.98 00.00 -78.49 00.09 -74.1 

Eights -75.23 282.83 -63. 80 355.29 -66.4 

Syowa Station -69.03 39.60 -69.68 77.64 -65.5 

Mirny -66.55 93.00 -77.02 146.81 -76.5 

Kerguelen -49.35 70.22 -57. 33 127.97 -67.4 

� lb :r-!i!ltti'A:tt�,�xf O)�t-¥r:1<fJ!U�l'JlU-� 

Table lb. Conjugate-pair stations in the northern hemisphere. 

Station name 
Geographic Geomagnetic Computed 

Lat. Long. Lat. Long. dip 

Alert 82.50 297.60 85.86 168.00 85.8 

Thule/QANAQ 77.50 290.80 89.00 357.55 85.6 
Baker Lake 64.30 264.00 73.74 315.31 86.0 

Cape Wellen 66.20 190.10 61. 81 237.01 75.0 

Kotzebue 66.90 197.50 63.71 242. 16 76.1 
College 64.85 212.10 64.60 256.48 76.6 
Anchorage 61. 23 210.13 60.95 258.13 73.8 
Farewell 62.50 206.10 61.33 253.46 74.0 
Resolute Bay 74.69 265.00 82.96 289. 18 89.1 
Geat Whale River 55.27 282.22 66.58 347.36 81. 0 
Churchill 58.75 265.90 68.66 322.80 83.4 
Frobisher Bay 63.80 291.40 75.30 00.70 82.7 
Ottawa 45.40 284.40 56.80 351. 52 75.2 
Reykjavik 64.10 338. 10 70.18 70.70 76.0 
Murchison Bay 80.05 18.20 75.21 137.46 82.0 
Longyearbyen 78.20 15.70 74.36 130. 94 85.4 
Borok 58.03 38.97 53.01 123.17 72.8 
Sogra 62.80 46.25 56.38 131. 70 75.8 
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� 1 ffi�tjµjj.f:f::JHc�t�1¥:nclli�H.,t-.::,t- - 11 '7 O)��{fU (STENBAEK-NIELSEN et al., 1972) 

Fig. 1. Typical example of conjugate multiple band aurora observed with a narrow
field camera aimed 15° above the west horizon (STENBAEK-NIELSEN et al., 
1972). 
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Fig. 2. The network of stations distributed around Syowa Station 

in latitude and longitude. 
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Fig. 3. Location of upper atmospheric observatories in Antarctica. 
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MAC,NET0r1[TER S1ATI0iJS 
P!::.KiiAr\��JT STATJONS e 

Tf:JiPO,ARY STATIONS • 

----

� 4 7- 7J :/:):r i::-7�i;, tf !l - :/ '7 :/ FJli?1c·O):fm7i�H�tWUl!U,�WJ 

Fig. 4. The network of magnetometer stations distributed widely in latitude around 
Greenland and Scandinavia. 

�5 ��£:tmt:tm����A���*-P70)��0�0)-�� 

Fig. 5. Schematic diagram of simultaneous observations on rockets, low-altitude 
polar-orbiting satellites, geostationary satellites and on the ground at 
Svowa-Iceland conjugate-pair. 
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"f��O) Siple �it!!,vc'.t-o\.,,'"(, ffe:� 22.1km f;!:Ufrm:1J 100 kW O)j�{B"11J/C VLFff!l'3'..'� 

{t L, c. 0) VLF wzti; ;,!:l-�ft.� -e f' 0) J:: 5 vcfm.iJ1U � tL Q iO" c 1.,, 5 active ��'3'..', Stanford ::k 

* 0) !l' 1v - 7° 
n: 1973 ::q:. l 1? tf£lli.1'r',:nc fi<-) '"t 1.,, Q. c. 0) �!� 0) ::1:J-: Q § EJ"J vi, fiJ1�� 1*10) 

tj=t --c, VLF i7:J&tt!}isvCjB;C.")L\.,'Q 7
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7;('"?'�-;;(#J[ivc, AIEJ'Jts.: VLF W('3'..'�A 
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�tfilO) Aft}A-Zvt ;-1J 'f" ;:t*t�T�O) Roberbal -e j; tJ, Siple iJ-, G x& [13· � h k VLF vJL, U J:: tf 

J: ?J�<O)DclJ�y*\.,'*a*ilq4Gh""C\.,,Q (HELLIWELL and KATSUFRAKIS,1974). C.O)J:: 

i"J t£ active �f�'3'..'7° 7;(��-;;({-tj·Jlitivt-ct£ <, ;;i-- 1=1 "Jw-c fix.vi, ;;i-- 1=1 "Jf1r 

kHz RO 19 JULY 73 1311:25UT 
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� 6 mffiO) Siple �:!:fill 0 )2S{§"L,k VLF iEt�::��}2,0) Roberval c·�{iLtc. 
active ��O){fU (HELLIWELL and KATSUFRAKIS, 1974) 

Fig. 6. Examples of VLF wave injection into the magnetosphere from Siple 
Station, Antarctica (HELLIWELL and KATSUFRAKIS, 1974). 
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c VLF mllt]O);t§1[f1jg K-'*1-t" 0m:�tJ:·!ffflin�m G n0 c· 2!; 6  '.5 , �vc, 11IJt1JO)fl!iUw::t 

µ 7 vc{f '.5 ;;t - P 7 ::i - 7 .7-. Js�&j:vc, VLF 0) active ��� fi\, , ,  *�-B c· VLF ml c 

;;t - P 7 �ffii!!U-t"hvi, i*lv::t - P 7 0) /. -}J .::. ;( A ��0 -=f.iJ�iJ" iJ n�m G h 0 C' 2/s 6 '.5 .  

;;t - P 7 1ifc·O) VLF 0) active �.�vi 1965 �vc ffiffiO) Byrd £:t-!i! vc:to i,, ,-c , 33 .6 km 

0) !7"1 ;r--Jv7 /' T :r�jg \, , -c --r -evcfibht..:. L-iJ"  L ,  *�-Bc'vi C O)  VLF mtlb�ffi 

mu--r 0 C C  i:J� c· � tJ:iJ" '? t.::.. C 0) !Js{lzsl C L -c ' 7 / T T  0) Q {@:i:J�1J\ � i:J'- '? t.::. C C -?, r§u 

t-t/Jtc· 2/s -:> t.::. C c fJ: c'' j];�x_ G h0 (HELLIWELL and KATSUFRAKIS, 1974) . r§ufi/Jtc·v:t, 

VLF mli:J� i; 1 .7-. 7 - -:i:- - F c L -C Jl !l 1- f�W'.PJ!gvctJ: 0 1 000 km i c·O)mWJim !AJ c', � 

m � nt..:mttJ�::k�tJ:lfiJX���vr0 PJtgtttJ� 2/s0. i t::. ,  c O)iJUg.tz-r-::tK-ffirJrn � n0 ::i - 7 

.7-. .:r..  � ,:, -:.,, 3 :,,- 0) Hr]ml�v:t. 0.3-2 kHz c· 2!;0t.::.'d:) , �{i§,@lml� (3-30 kHz) i:J��� �·t.::. 

c t  ,�,;t 0. c O)jJJ{jz§�� L < ��t.::.l:, ;;t - P 7 mc·O) active �.�ii; AJi'ig c tJ:hvi, 

2000 m 0) J]<. 0) 1:: vc 2/s 0 ffi ffi 0) dJ. f fl£ :t-li! vc � {i3 feO � � vf, 7 1 .7-. 7 :,,- F c· � {i3 '"f h v f J: 

1,, , .  c 0) VLF mlO) active ��vi, �BfJJ-71 .7-. 7 :,,- F 0) *�,BX'J�ff3<YJK. fUm-t-0 t.::. 

'cl:) 0) m: � tJ: =¥ � c- 2/s 0 c Iisl, b h 0 . 

2. 4 . .A.I�r= � � ii!tt.J*i 1-- v - �� �, 

2. 4. 1. ��im l*Jc·O)ffiiJ!U 

::t - P 7 /:f:W!&ivc,,�  !J 17 A ��!zlli -t"0�.��fi;t vi, ::t - P 7 c ,,� !J 17 A �O)f1J�O) 

flri:J" G ,  ::t- p 7 0)!1w�O) r-pc· feOfflm�vc .J: 0t�fr� 5J\.WJl-t"0 c c tJ� -e�0 c� 7) . 

i t.::., C 0) J: ? tJ:ffiiJ!U�*�'B c·fi;t vf, ;;t - p 7 O)::kfUJtdJ°Jt��{l:::, ifiUffifi;©:0);701� 

�1[:::vc "J 1,, ,  -C 0) ffi�tfr!u-f:Jic'O) x;ff*, �rxtfiO) !JR!z§iJ�. mWJtm#lc 0) feQ?)r1[�vc J: 0 ch 0) 

iJ", ��!l!*JvclfQ!zsl'"f 0 ch O)iJ" �IK�IJc· �, ::t - i=z 7 %pj 0)7£1f'JE vc::k��ft"J t 0) c ,�,b 

h0. 

2. 4. 2. m��1*Jc·O)fm/J!U 

r§u/Jt 500 km #lciJ'- G �:1:Jftvc ff}-:>  -c r§u;if O),,�  !J 17 A vft�!zlli-t" 0. !zlli � ht.::. ,, � !J 17 

A vftvi�:1:Jftvcff}-:>  -ctrttt L, -t"hi:J�i::.�1fivcR� G � h -c -:Jc iJ ,  �:1:Jff 0)%�1-f � J:::iJ; G 

�0 c c n; -r-�0. mnfi'a:'��J:::iJ; G � . § c·J!0 c c n�-r·�00) v:t., m�lfflO)m*� 

JW§Jj'"f 0 J:::c· �b'd:) -CfffUtce�!iU:: tee 0. c O)jj{!� Jg i,, ,  0 c ,  1) �:1:JtvJ t�f*O)iu �iJ,. 

G mWJl!E, m�!E0)1[�iJ�:>l< i 0, 2) �:1:Jftvc{f} -:> f..: /� !J 17 A �O)Jllbi:J" G �:1:Jfv'R VC{f} 

'.5 m�O)*� � �:>j('d:) 9 C c  i:J�c-�, ;;t - i=z 7 f_ft-yO):DQJf1*t��M§Jj't0J:::c·m�tce 't1Hli 
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� 7 7 7 7' ;h J:�O) rf--/i Ht 540 km iJ,  G :a!dH � h k/� � 17 1,, 1]/U=:. l 0 11±1::fJn�I r 
V - './' :/ 3"' 0) �� (WESCOTT et al., 1975) 

Fig. 7. Example of magnetic fteld line trocing by means of Barium plasma 

injection ( WESCOTT et al. , 1975). 
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