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Report of the 1984 Conjugate Campaign in Iceland

Natsuo SATo!, Ryoichi Fuii!, Susumu KOKUBUN?,
Takashi ArRakI® 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 geomagnetically conjugate polar regions. With the data recorded
at the three conjugate station pairs Syowa-Husafell, Mizuho-Isafjérdur, and
Molodezhnaya-Tjornes, we investigate the temporal and spatial conjugacy of both
auroras and wave phenomena associated with auroral particle precipitation. Then
we study the auroral particle acceleration process in the ionosphere-magneto-
sphere energy coupling system and also the generation and propagation mechanisms
of ULF, ELF and VLF plasma waves.

Four Japanese scientists have been in Iceland from August 13 to October 7,
1984. Fluxgate magnetometer, search coil magnetometer, riometer, ELF/VLF
wave receiver, photometer, and analogue and digital data recorders were set up at
Isafjordur (66.1°N, 23.1°W) and Tjornes (66.2°N, 17.1°W) in August 1984. Simul-
taneous observations at three stations in Iceland including Husafell (64.7°N, 21.0°
W), where most of instruments had been constructed in 1983, started from Sep-
tember 2, 1984 corresponding to the conjugate observations in Antarctica. During
their stay in Iceland, visible auroral data have been obtained simultaneously at
conjugate-pair stations at four nights.
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Fig. 1. Location of Husafell, Isafjordur, Tjérnes, 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, 1984, Magnetic local time (MLT) is given
by adding universal time (UT) to the time listed in the column.

} Geographic J Magnetic dipole Invariant
Station Lati- . Longi- ‘ Lati- ‘ Longi- . Lati- l Longi- é\gﬁ’r L-value
tude ‘ tude tude ‘ tude tude l tude :
) | | MM) |
Syowa 69.00S  39.58E:—69.97 | 80.18 | 66.12  70.81 | 00: 06 6.10

Antarctica l IIt’l/[iozltcl)gce)_ 1 70.70S | 44.43Ei—72.305‘ 81.46 67.9811 70.96 | 00: 06 7.12

| zhnaya | 67.67S  45.85E —~70.04 | 88.03 = 66.56 | 76.98 | 00:30 | 6.32

Lerivogur | 64.18N | 21.73W| 69.66 | 72.43 65.66 l 69.12 | 23: 59 5.89
Husafell 64.67N | 21.03W| 69.95 | 73.92 65.99 [ 70.09 | 00: 03 6.04
Isafjordur | 66.08N | 23.13W| 71.62 ; 73.42 67.80 | 69.59 | 00:01 7.01
Tjornes 66.20N | 17.12W| 70.59 | 80.27 66.92 | 74.56 | 00: 21 6.51

Iceland

Svalbard Ny Alesund | 79.00N | 12.00W| 75.25 | 131.53 ‘ 75.69‘114.20{02:59 ‘16.37
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Fig. 2. Diurnal (University Time) variations of conjugate points of Syowa,
Mizuho and Molodezhnaya calculated from IGRF (International Geo-
magnetic Reference Field) 1983 model. Calculations were made for
June 22, September 23 and December 22, 1983 at Syowa and September
23, 1983 at Mizuho and Molodezhnaya, respectively.
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Fig. 3. Auroral observation
instruments (a) and data
recording system (b) con-
structed at Husafell.
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Fig. 4. 10m VLF receiving
antenna (a) and fluxgate
magnetometer and riometer
(b) constructed at Tjérnes.
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Fig. 5. Telemetry receiving
antenna and fluxgate magne-
tometer (a) and riometer an-
tennas (b) set up at Isafiordur.
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Fig. 6. A block diagram of observation system at Husafell. All-sky TV camera,
scanning and fixed angle photometers were set up in 1984, and the others
kad been constructed in 1983.
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Fig. 7. A block diagram of observation system constructed at Isafjordur and
Tiornes. Furthermore, all-sky TV camera and 12.1 kHz Omega signal
receiver were set up at Isafjordur and Tjornes, respectively.
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Table 2. Calibration list for fluxgate and induction magnetometer installed
at Syowa Station, Husafell, Isafjordur and Tjornes.

Fluxgate magnetometer (nT/V)

H-comp D-comp Z-comp
Syowa 100 100 100
Husafell 300 300 300
Isafjordur 201.4 204.2 205.1
Tjornes 229.9 234.2 233.6

Induction magnetometer (1) (nT/V)

H-comp D-comp Z-comp
Syowa 0.143 0.129 0.107
Husafell 1.89 1.84 2.04
Isafjordur 2.52 2.57 2.57

Tjornes 2.34 2.57 2.41
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Table 3. Calibration level of ELF|VLF emission intensity.

Syowa Station

Recording level

Zero voit 10.0 volts
350 Hz Noise level 4.0x10"®V/m-+~/Hz
750 Hz Noise level 4.0x10"%V/m-+/Hz
1.2 kHz Noise level 2.6x107¢V/m-+/Hz
2 kHz Noise level 1.0x10"¢* V/m-+/Hz
4 kHz Noise level 1.0x10"%V/m-+/Hz
8 kHz Noise level 1.0x107% V/m-+/Hz
30kHz Noise level 1.0x10"8 V/m-+/Hz
60 kHz Noise level 1.0x10"¢ V/m-+Hz
90 kHz Noise level 1.0x10"°V/m-+~/Hz

This calbration level is usable after August 31, 1983.

Husafell, Isafjordur and TjOrnes

Recording level
—4.0 volts 2.0 volts
350 Hz Noise level 1.94x107°V/m-+~/Hz
750 Hz Noise level 1.94x107°V/m-+~/Hz
1.2 kHz Noise level 1.94%x10"°V/m-vHz
2 kHz Noise level 6.14x10"%* V/m-+/Hz
4 kHz Noise level 1.94x10~°*V/m-+/Hz
8 kHz Noise level 1.94x1073V/m-+~/Hz
32 kHz Noise level 1.94%x10"* V/m-vHz
60 kHz Noise level 1.94x10"°*V/m v Hz

This calibration level is usable after September 15, 1983.
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Table 4. Digital correlation record at Husafell.

Input channel Observation items

*Al-1 H-component of ULF wave (search coil magnetometer)
Al-2 D-component of ULF wave (search coil magnetometer)
Al-3 Z-component of ULF wave (search coil magnetometer)
Al-4 Cosmic noise absorption (riometer)
Al-5 VLF 350Hz
Al-6 VLF 750 Hz
Al-7 VLF 1.2 kHz
Al-8 VLF 2.0kHz
AI-9 VLF 4.0 kHz
AI-10 VLF 8.0 kHz
Al-11 VLF 32kHz
Al-12 VLF 60 kHz
AI-13 H-component of magnetic field (fluxgate magnetometer)
Al-14 D-component of magnetic field (fluxgate magnetometer)
AI-15 Z-component of magnetic field (fluxgate magnetometer)
Al-16 Space

**DI-1 Digital input for fluxgate H, D, Z-component signals and offset levels
DI-2 Time code BCD parallel input
Ex. samp 0.5 s external sampling pulse from timer

Kk

AI: Analogue interface between instrument and digital data recorder. 12 bit A/D converter is
installed at digital data recorder.
DI: Digital interface between instrument and digital data recorder.

% 5 Husafell BB LT orAa7—svz2—F (F—r S8R DANES
Table 5. Digital recording of auroral phenomena at Husafell.

Input channel Observation item
Al-1 Fixed direction photometer (4278A), 45° southward
Al-2 Fixed direction photometer (4278A), zenith
Al-3 Fixed direction photometer (4278A), 45° northward
Al-4 H-component of ULF wave
Al-5 D-component of ULF wave
Al-6 VLF 750 Hz
Al-7 VLF 1.2 kHz
AI-8 VLF 2 kHz
Al-9 Space
AI-10 Space
DI-1 Digital data of scanning photometer filtered at OI 5577A and Hf
4861A, and elevation angle data
DI-2 Time code BCD paralell signal
Ex. samp External 0.5 s sampling pulse
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Table 6. Digital correlation record at Isafjordur and Tjornes.

Input channel

|

Observation items

Al-1
Al-2
Al-3
Al-4
Al-5
Al-6
Al-7
Al-8
Al-9
AI-10
Al-11
Al-12
Al-13
Al-14
Al-15
Al-16
DI-1
DI-2
Ex. samp

|

i

H-component of ULF wave (search coil magnetometer)
D-component of ULF wave (search coil magnetometer)
Z-component of ULF wave (search coil magnetometer)
Cosmic noise absorption (riometer)

VLF 750 Hz

VLF 1.2 kHz

VLF 2.0 kHz

VLF 4.0 kHz

VLF 8.0 kHz

VLF 32 kHz

H-component of magnetic field (fluxgate magnetometer)
D-component of magnetic field (fluxgate magnetometer)
Z-component of magnetic field (fluxgate magnetometer)
*VLF Omega signal intensity at 12.1 kHz

*VLF Omega signal phase at 12.1 kHz

*Fixed direction photometer

Digital input for fluxgate H-, D-, Z-component signals and offset levels
Time code BCD parallel input

0.5 s external sampling pulse from timer

* VLF Omega signals are recorded only at Tjornes. Fixed direction photometer data are recorded

on Al-14 at Isafjordur.

# 7 Husafell Isafjordur, Tjornes 2383 F LA ERB FM F—2 v a— DA HES
Table 7. Long term FM data recording at Husafell, Isafjordur and Tjornes.

Input channel Observation items CAL level
CH-1 H-component of magnetic variations +5 V/full
CH-2 Comic noise absorption S V/full
CH-3 H-component of ULF wave +2.5V/full
CH-4 D-component of ULF wave +2.5 V/full
CH-5 Z-component of ULF wave +2.5 V/full
CH-6 VLF 750 Hz 2.5 V/full
CH-7 Time code (S-code) +2 V/full

Tape speed is 0.031 ips.
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Table 8. 8-channel pen recorder monitor at Husafell and Isafjordur.

Input channel Observation items CAL level
CH-1 H-component of magnetic variations 1 V/div
CH-2 H-component of ULF wave 500 mV/div
CH-3 D-component of ULF wave 500 mV/div
CH-4 Cosmic noise absorption 1 V/div
CH-5 VLF 750 Hz 1 V/div
CH-6 VLF 2 kHz 1 V/div
CH-7 VLF 8 kHz 1 V/div
CH-8 *VLF 32 kHz 1 V/div

*

#F 9 Tjornes KRB L7 6 F 4 v RZAv Vv a2—FANFES
Table 9. 6-channel pen recroder monitor at Tjérnes.

Fixed direction photometer signals are recorded at this channel during auroral observation periods.

Input channel

Observation items CAL level
CH-1 H-component of magnetic variations 1 V/div
CH-2 H-component of ULF wave 500 mV/div
CH-3 D-component of ULF wave 500 mV/div
CH-4 Cosmic noise absorption 1 V/div
CH-5 VLF 750 Hz 1 V/div
CH-6 *VLF 2 kHz 1 V/div

*

4. T2 mELBROBE

Fixed direction photometer signal are recorded at this channel during auroral observation period.
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Fig. 8. The structure of the compiled digital tape format.

F#10 TCRAANRET —TDT—T 74 —<y b

Table 10. The tape format of the compiled digital tape.

Item Specification
Track 9 tracks
Record density 6250 BPI
Record format F (FB)
Block length 11438 bytes (I byte=38 bits)
Record length 38 bytes
(Logical record length)
Label Non-label

Filing

Single volume/multi-file
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e EHE « BEHR— B fE-3AK 7% « Th. SAEMUNDSSON

(R

Z 11 Husafell, Isafjordur, Tjornes TIRBFINITF o EIALTF—XDFRET—TDA

NF—x2%k
Table 11.

The data sequence in each logical record on the compiled

digital tape observed at Husafell Isafjordur and Tjornes.

Sequence Data at Husafell Data at Isafjordur Data at Tjornes
1 dH/dt dH/dt dH/dt
2 dD/dt dD/dt dD/dt
3 dz/dt dz/dt dz/dt
4 CNA CNA CNA
5 350 Hz 750 Hz 750 Hz
6 750 Hz 1.2 kHz 1.2 kHz
7 1.2kHz 2 kHz 2 kHz
8 2 kHz 4 kHz 4 kHz
9 4 kHz 8 kHz 8 kHz
10 8 kHz 32 kHz 32kHz
11 32 kHz Flux-H(AI) Flux-H(AI)
12 60 kHz Flux-D(AI) Flux-D(AI)
13 Flux-H(*AI) Flux-Z(AI) Flux-Z(AI)
14 Flux-D(AI) Photometer (zenith) Omega signal
(intensity)
15 Flux-Z(AI) Space Omega signal
(phase)
16 Space Space Photometer (zenith)
17 Flux-H(**DI) Flux-H(DI) Space
18 Flux-D(DI) Flux-D(DI) Space
19 Flux-Z(DI) Flux-Z(DI) Space
*AlI: Analoge interface signals between instrument and digital recorder.

**DI:

12 FUEAAMBET-TOHBD 7 +—<y +FE

Digital interface signals between instrument and digital recorder.

Table 12. The format for time data on the compiled digital tape.

Sequence Items
1 Year (2 bytes)
2 Total day (Jan. 1=1) (2 bytes)
3 Hour (2 bytes)
4 Minute (2 bytes)
5 Space (26 bytes)
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Fig. 9. Summary plots of digital data recorded at Isafjordur.

September 16, 1984
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Fig. 10. Frequency-time spectra of periodic VLF emissions observed simul-
taneously at Husafell, Isafjérdur and Tjornes on September 16, 1984.
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Fig. 11. Examples of scanning photometer data at 5577 A(OI) and 4861A(Hp)
observed simultaneously at conjugate-pair stations, Syowa and Husafell
on September 26, 1984.
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Fig. 12. Example of all-sky camera data observed simultaneouly at conjugate-
pair stations, Syowa and Husafell on September 26, 1984.
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