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Report of the 1983 Conjugate Campaign in Iceland 

Natsuo SATO*, Hiroshi FUKUNISHI*, Susumu KOKUBUN** 
and Th. SAEMUNDSSON*** 

Abstract: This campaign has been organized by the National Institute of 
Polar Research as a cooperative project with the Science Institute, University of 
Iceland. 

This campaign aims at a further understanding of physical processes in auroras 
by a coordinated observation of magnetic field variations, magnetic ULF waves, 
ELF-VLF emissions, cosmic noise absorption, and spatial and temporal variations 
of auroras in the magnetically conjugate polar region. The campaign takes 
advantage of geographical condition that the conjugate points of Syowa, Mizuho 
and Molodezhnaya Stations in Antarctica are located in the vicinity of Husafell, 
Isafjordur and Husavik in Iceland. With the data recorded at the three conjugate 
station pairs Syowa-Husafell, Mizuho-Isafjordur, and Molodezhnaya-Husavik, 
we investigate the temporal and spatial conjugacy of both auroras and wave phe­
nomena associated with auroral particle precipitation. Then we study the auroral 
particle acceleration process in the ionosphere-magnetosphere energy coupling 
system and also the generation and propagation mechanisms of ULF, ELF and 
VLF plasma waves. 

Three Japanese scientists have been in Iceland from August 12 to October 2. 
In the first half of the period of their stay they visited Isafjordur (66.1 °N, 23.1 °W) 
and Husavik (66.0°N, 17.4°W) to find locations suitable for observations of geo­
magnetic field variations, cosmic noise absorption and ULF, ELF and VLF natural 
waves. During their stay at Husafell, various kinds of sensors (fluxgate magneto­
meter, search coil magnetometer, ELF-VLF wave receiver, riometer and all-sky 
camera) and recording facilities were set up. These facilities are operated by the 
Icelandic research fellow until next summer. 
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Fig. 1. Locations of Husafell, Isafjordur, Husavik, Leirvogur and Reykjavik 

(squares) and the geomagnetic conjugate points of Syowa, Mizuho and 

Molodezhnaya Stations (triangles). 
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Table 1. Geographic and geomagnetic coordinates of the stations, calculated by the 

IGRF model dated August 1, 1983. Magnetic local time (MLT) is given 

by adding universal time ( UT) to the time listed in the column. 
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Fig. 7. VLF antenna and solar battery system constructed at Husafell. 
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Fig. 8. All-sky camera (a), riometer (b) and ring-core type magnetometer 
(c) constructed at Husafell. 

109 



1 10 &fijJltt. . ZM[§ ra • 00% m: • Th. SAEMuNossoN 

� 9 Husafell (J) SNORRI .5;;'::f;���uf Lt-: �mu :;., .7,. 'T A  
Fig. 9. Observation system constructed inside the SNORRI's home at Husafell. 

mu1n�Jlf1,, ,--c  / -1 ;;(�� � ff \, , ,  -t :/ -tt- - O)IDt'.ift�FJr�fR:66t..: . s A 29 s vcfdi!J!O)Jf#� 

ff(!vt-: r 7 'Y J iJ;Jlj� Lt..: . -t-0) 1�. jcjiO)�:frO)MffiL!: llVJlUm�O)�fi:�lfflfra LJ:: . ifl?J!U 

MD, -t :/ -+t- - O)IDt'.K�M66 � K �k lJ , 3 �� 0)��-��rr� o � 0 .  m•�O)a•� 

1:_n, L ,  --? �- 0) 2 ,it;uc c < vcfllj'; Lt.  1 )  iUHc�ift-t o -t :/ -tt- - , 7 :/ 5- -rM 0) 7 :/ 7'J 

- vi-t�--c ::r :/ ?  !J - 1- � ffl t, ,  "C �n::-t o , 2) � 11'JBil!Ut!!t�O)��*aHt!H! L ,  mt··c lb t..: � 

--t < �mu•�O)it:J'1fn� ·-e @' o � ?  vc-t o .  

:;;tmffl:ifu 0) ± #f'f: I) ,  VLF 1v - 7
° 

7 :/ T T  0) 7 :/ 7J -ffl ± iifl= I) ,  -+t- - + ::r 1' 1v -t :/ -if"  

- 0)/\vffl lJ , Y :/ f ::r Y itfJHO)±#fr lJ ,  fi;.x7'J .; °3 t.r c·· O)�/i:a. M7tf-'f�O) tJ:t.J ,-c:· t 

c < vc:i:1ff�rc-� 0 t..: . L,iJ ,  L, -:: O)m71--c:,O)}t�;MFa9tj:ttt;R{�v=.m i :n, Jl[UJ,i;jvcf'f:��� 

ob 0 -::  c iJ;-C:· @' t..: . �fit Lt..: VLF 7 :/ 5- -r , :;;tm�tlh ::,, ;t.. T A , fi;.;R 7'J .) 7 �ti:, !J * _) 

- !it ,  y :/ :f ::r 7 m:t.JH, B?l!U�ii:0)�11'Jm�ift� /g)  7-9 vcffe-t. 

�;ii .) :/ ,,� - 0)005:t filiMfltOO-t o 9 A 6 s i -c:· ve vt, M71-, �f'J O)f'f:� <b llJ ��� . £ 

* 7 - !if O)��WliJ!UtJ�AJ'M§ l tJ: 0 i.:: .  -t-0)1�. im�B?J!U�rr\t , t,riJ� G .  -t :/-lf" - O)*m5:i, 17" 

- 7·· 1vt-f_6i) , i!iil!Uf!U�0) ::\"- 1- !J 7·· v - :;,, a :/ , '¥17'J71-��** '7" - 7'' ;r,, O)�� • .) :/ T -r :/ ;t.. <1)  

'7 � ;:r. 7 1v f-'p I) t.r. i· O) fl=�� �IT L "( fi 0 t..: . Ye 0) f..: 61) ,  !tiJ 8 iJ , t.r. I) 0) " "  - F ;t.. 17" :) ;:r. - 1v 

C tJ: 0 t..:iJ\ 75:E['t-o I) *9 1 ;fJ J.J Fa90)jf�-f' - 3<' '1:'1{£�--j- Q -::  C iJ;--e:· @' t:: .  -:: O)J{;§fa9tj:t, t.L 

""f O)�*m!\t <m��l{£�--e:· @'  t..: .  1 )  Pc 1 fi*l/JO)t5tfJ/JtiJ;r@J < ,  7CthHi 0) Pc 1 I.J; Ui Uf 

t±Wl Lt..:, 2) 9e1::ffi/Jt0):}'t.r t, <m� c � :h ---c \t ,  0 Pg /i!Klb (giant pulsation) il; 4 @WmU � n 

t..:, 3) 4tfi:O) ELF-VLF @ ��iBln;§t{§ � ;ht..:,  4) 1�� S 1J; 4 8 Fsi£> rJ ,  �7(. 7J �  °3 vC. J:  

� ��t.r * - µ °3 7'' - 3< iJ;%l- G:hl.:: .  

9 J.J 30  S A,�.ftTfE Lt..: Husafell --C·O)fH·fmi�-t�--CflfT lA..: . 1m� Reykjavik -c Th. 



No. 81. 1984] 1 1 1  

SAEMUNDSSON c. *�J!t J.:.JM:O) if@iK .. 0 1,  ,--c tJ i:::>�b-lt� fi\, ' , 10 J3 2 8 7 1  7' 7 './ F�­
;h,!,: . .  E *""'1ffl"@J O)�i:p, -=r' '/ � - 7 0)'=¥i:af4�1itf�m, / 1v & ;JC. - 0) � 1v 1r· '/*.'!if:., :;t- 7' 

P **· NTNFR (f-4$ c. I"#-v::.�-t :o / Jv & ;JC. - 3:.l[tbb�* O)"¥filf4i:+ffilF,) vc.ft�� IJ ,  
60 �J!tv::. TJE L --c \, '  Q *�fj(ffliffiU v::.�-t 6fl �15"b-lt�fi 0 t-: . -t L --C -=f<qU:' :};; 9 10 J3 8 

8 �::.�� Lt..:. 

4.  WVJlU 0) �� 

A,@]75£ L t-:*�'�ffliffiU �t. .  1) Husavik, Isafjordur {1;ifr-c*�J!tT5E L --C 1, ,  6 *iiiill!Hc. 
vffi x_ --c ,  / 1 .:;<�1itts: c O)�ifJ�i'}l1J��*!Bv::.fi1., , ,  -t: '/ -tr - O)�![�m� tf!:5:£-t 6 .:: c. ,  � 

J:. tY 2) Husafell vC. :};; \,  , --c�-€tB"Jts:ffliffllj '/ 7' T 1-,. � � �  L ,  ¥-) l 1J J3 O)jf�flil!U��nfli-t 6 
.?: C. -c ;j; 0 t..:. 

4.t. 31hlfUJl1J 

:f1,ifJfflii'l!U '/ 7' T 1-,. � � 10 v::.�-t .  -=. O)�mu O) i:p-c. c. < v::.AI�ifJ§"O)�•�'.§l:H-�-t1. , 
ELF-VLF m § �11� O)fflii}l,U v::.j@ L t�F)f��-tt.:00v::. ,  i5trEix$�1[1itf�F)f O)�:f.HC. J: 
I) 11� Lt..: /� 'Y T  l) - mifJ0)1j,� • �it O)�m"�� ffh ,f-: . *�J!t O)*�fljljffifv::. �t., ELF­

VLF m § �1t�flmll�� / 1 A- v � 1v O){�\, ,)diLl�ft;h,f,.::�fYTvc.�ffl[ L, T v .,,< - � �Jj31. , 
--c "r' - � ��:its-t 0 75£-c;;(; 0 .  7c O) f..:'tl.J,  4'@J 0)7vffifflifflU-e:-�t. 11.ffiUm J: IJ :¥1� 10km 0) 

ft!fffl N ... t\ / 1 A- v � 11,, n;f� < ,  :m�f'FJ L _;{ '/ :y- -r '/ 7' 7'.l;�£vc.fi *- o�m��5E-t o <lZ, 
�iJ;j; 0 t..: . ::. 0) § B"]vc. L t:.. 7'.l; 0 --C ,  Husavik -c vt. 12  :rtl!,�, Isafjordur -c �t. 2 :rt!!,�,, Husafell 

c· vt s tm,�-c 1 1 A-�1it��M!i L t..:.  
4 . 1 . 1 .  Husavik #:i!Ic' O)flfflU 

Husavik v:. }it;f Q VLF ; 1 A-�itii, Husavik 1fHr�f13lf:c· 4 1J ffl, Tjornes -¥ � 0)  

Antenna 

Ring-core Type 
Fluxgate Magnetometer 

Timming Receiver 

Time Code Generator 

IL------1 Amplifier 

Amplifier 

Hip Antenna 

��,� 

� Cassette �QJ Tape Recorder 

� 10 �1/Jfi.n!JJ '/ 7' 7" A (!)  7' P 'Y !7 IZI 
Fig. JO. Block diagram of mobile observation system. 
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Manarbakki ft;[r·e 8 ::h F}r�tiilf. L- t.:.. [gfl l v� vi, Manarbakki (7) EmLssoN .a:�ft;[i-c:·�� L­

t.: VLF / 1 ;( (7) tfJlflUffeJ:a-ffe L-t.:.  ;:: {7) [gf -C:· A-E i 1:· vt%V1, G 400 m  i --C:· (7)jtg,r�r7)JlfflU '.'f -

� 11 Husavik (J) Manarbakki -C-f&iJIU L, t..: / 1 XJi/aJlt 0) M*-WtJ. � 0) A-E �;t 

EGILSSON ,S;;�iJ, G 400 m i -c·O):tt/!,�-C-i!'l?JlU L-t.:{J)J-C-t!> I) ,  F �tift:] 2 km 
-.n t.::tt!t¢,\--c: � 0 

Fig. 11. Examples of frequency-time spectra of VLF radio noise observed at 
Manarbakki. Observation points from A to E in this figure are located 
less than 400 m far from EGILSSON's home, and point of F is located 
about 2 km far from EGILSSON's home. 

� 12 EGILSSON .13;;.�iJ, G*9 2 km •.ht..::iltt�-c·, �Ihm VLF / 1 XWiJIU$:� 
JJ:flt , -CW?JlU �.ht..:{JlJ. f.!o��t;: 0.4-0.8 kHz �� ELF .:r. � -;1 � a :,,iJ,�iJlU 
� h -C t , 0 .  �q:iO) 1 kHz ���;t 05silv� :/ F'�t VLF �m:ffr:!*J;il� 
ht.: :!J 1 .t.. ::i - F'¥e��t;, G i ht.: / 1 ;(-c·t!> -0 

Fig. 12. Example of frequency-time spectra of VLF radio wave observed at 
Manarbakki. Natural radio waves called ELF hiss emission are received 
in the frequency range of 0.4-0.8 kHz. 
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3-' -c 25 9 , F �:t *9 2 km l�lt:h t-:: itB ,� -c-Js Q • ,:. 0) 1Z1 i7, i::dJJH:d J, tJ: .t ? v::. . F !t!u� 'i "(· M.h � 
C 1ft� 0) ?J6�rEl I ,{ ;;(ii�,� C A., c?f fil � ;h t.c < t.c Q . F itB J� -e f& fflU � ;ht-:: ELF I:: 7- ;r.. � 'Y 

Huaavik,lceland 

Fluxgate - H  

j 

0400 Time(UT) 

�jt3 Manarbakki -c-�lllfi L f.::. !.I :/ f ::z 7��1:JttO) H nlt-5.Hil 1J c -it - ::J- :1 ,'f 1v 
�1:J tt 0) D nit 5t l±:L1J Cl) l!"i.iJllJ {91J 

Fig. 13. Example of the data observed by ring-core type magnetometer and 
search-coil magnetometer at Manarbakki near Husavik. 

� 14 Isafjordur Cl) MARVINSSON .a:'.:t J: IJ *9 1 .5  km ,u'lt,.::lfil}�""c' VLF ! '1 X 

l!U.l!U��Jfl \, , -C)'.l:fil Lt-:{7!J. ,mJ�f{iJ, 0.5 ii• !'.:> l .4 kHz lC;t; - 7 - :1 -
7 7' :.r.. � � '/ 3 /7)��fil �fl,-C \., , �  

Fig. 14. Example of frequency-time spectra of VLF radio wave observed at Isa­
fjordur. Natural radio waves called polar chorus emission are received 
in the frequency range of0.5-1 .4 kHz. 
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Fig. 15. Example of the data observed by ring-core type magnetometer and search­
coil magnetometer at Jsafjordur. 

4.2. Husafell I� to It� lt�Jm JI� 
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� 16 HusafelI �=-.t-<>H- Q �{rfi.i}l,U -:;l P -:,, � � 

Fig. 16. Block diagram of observation system at Husafell. 
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Fig. 17. A layout of the system constructed inside the SNORRI's home. 
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Fig. 18. Example of the frequency-time spectra of VLF radio noise observed by 
the loop antenna at about 1 .8 km far from SNORRI's home. A-N marked 
in this figure show different directions of the loop antenna at the same posi­
tion. It is noticiable from this figure that artificial radio noise levels are 
changeable at each direction . The directions of the lowest artificial 
noise level are K and U in this figure. 
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Fig. 20. Example of the frequency-time spectra of natural radio waves observed 
by the 10-m high loop antenna at Husafell. Discrete VLF emissions are 
observed in the frequency range of 1-3 kHz. 
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Fig. 21. Example of the auroral picture observed by all-sky camera at Husafell. 
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