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Comparisons of Auroral Hiss Spectra Observed at Syowa 

and Mizuho Stations 

Kazuo MAK IT A* 

� �. f
f
B;f!J�:lm c J;,i_-tif �:!:t!U: --C [ft]�r:. �ft�nf:.:,J-- P 7 • !::: 7--m*O)lU!c 

'a:'fi ·:d:. 2::: -: 0 g,, < O)� ti-, 1::: 7, O)�fltvtm*r::. 1 1; 2 :imh, --c iJ,t.c IJ �t.c "? L 1,, 0 

iJ,, 1::: 7' 0)7,'"' :1 r 7 AIHt�in 1 < 1rJ'tt, 1;, it3e1:A�i!JO)�ri3i�t 2 :iml�--c 

1 :f:'J;l;U:.O)zi!J:��<ll_)Gnt.i:iJ,0k. s:nGO)$'.�iH'l, 1tlt:..J: 5trt·- P =J • 1:::7,!J; 

il!U:. --c � fi � tL 0 !Im lffl 11,, IJB;f!J�:Jm c J;,i_ f vi �:Im 0) filfiPJl (,.., 2 70 km) .J: 1J t J:t 1, , ;: 

c'a:'ir-L"(l,,0. {ilijj, AI1!r£��.J: 1?11��:hk:t-- P =J Ul!L!:.O)l:::7-,cO)�f* 

!J, G, * - i:t =J O);ejOJimt!J, G 600 km <' G H�in 0 c 1::: 7, /J,�ft � n t.c 1, < c iJ, 

it 0 � 1J Lt:.. ;: 0)::. !:vi 1::: 7, O)�ft�n 0 :i'fij(O)}:t!JdJ !J, 600 km J:)J9--C·2D 0;: 

c 'a:'ir-L --C 1,, 0 1::: 7, O)f��Ri 'a:' ray-tracmg r::. .J: 1J Hi-Lt:. c ;: 0, :!ml:-"'-{�� 

riJ§�tdJi�O)):t!J, 1? It, fifa 300 km --C·2D0 C ciJ�ir-�;h, �{lll]fa*'a:'viHID?.&1--C 

�0. 

Abstract: Simultaneous observations of auroral hiss em1ss1ons have been 

earned out at Syowa and Mizuho Stations The mtens1ty of auroral hiss em1ss1ons 

was different from case by case at the two stations However, the spectral shapes 

of hiss em1ss1ons obtamed at both stations were generally similar and the delay of 

the occurrence time of auroral hiss between the two stations can not be recognized 

w1thm one second accuracy These results show that the observable scale of the 

similar auroral hiss on the ground 1s wider than the distance between Syowa and 

Mizuho Stat10ns (,.., 270 km) From the exammat10ns of the auroral photographs 

observed on the DMSP satellite and the auroral hiss em1ss1ons observed on the 

ground, when the aurora 1s located farther than 600 km from the station, hiss 

em1ss1ons are not observed at the station reducmg the threshold level (,.., 10-15 W / 

m2Hz). These results suggest that the maximum observable region 1s w1thm about 

600 km The ray-tracmg result shows that 8 kHz hiss waves departed from the 

duct at altitude of 3000 km on the geomagnetic field lme of 2=70 0° spread 

over the ground m scale of 300 km This calculat1on result 1s consistent with 

our observation results 

L Introduction 

The statistical distributions of auroral hiss observed on the ground and satellite 
* 1U1l:k$. Takushoku University, 4-14, Kohmata 3-chome, Bunkyo-ku, Tokyo 112. 
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are investigated by many workers (foRGENSEN, 1966; GURNETT, 1966; BARRINGTON 
et al. 1971; HUGHES et al., 1971). J0RGENSEN (1968) exammed the auroral hiss emission 
observed simultaneously at Narssarssuaq, Godhavn and Tromso. He reported that 
the active hiss region moves to the high latitude side accompanying by the poleward 
movement of aurora. SRIVASTAVA (1976) observed hiss emissions at College and 
Barter Island which is about 600 km apart from College, and obtained that the sim
ilar spectra of hiss emission could not be found between these two stations. From 
these results, it is considered that the observable scale of the similar hiss emissions is 
withm a few hundred km at the ground. We observed auroral hiss emiss10ns at 
Syowa and Mizuho Stations (Mizuho Station is about 270 km apart from Syowa 
Station), using almost the similar VLF observation system and compared hiss spectra 
in detail. 

2. Observations 

Coordinated VLF observations have been carried out at the two ground stations 
Syowa and Mizuho since 1976. The locations of Syowa and Mizuho Stations are 
lat=-70.38°, long=79.39° and lat=-72.32°, long=80.62° m geomagnetic coordma
tions, respectively. Mizuho Station is about 270 km apart poleward from Syowa 
Station along the geomagnetic meridian. Both stations are situated in the auroral 
zone and suitable to study the auroral activities, related phenomena and their latitudinal 
dependence as well. 

Almost the same observation system for measuring VLF emiss10ns was adopted 
at both Syowa and Mizuho Stations. The block diagram of the VLF observation 
systems at these stations is shown m Fig. I. A triangle loop antenna of IO m in 

Detector Pre-amp. Main Amp. 
Wave 

Band-pass filter Amplifier, 
loop(N-S) Equalizer f=D.75, 1, 2 

8. 201<HZ Aurora TV 

SYOWA Videotape Rec 

Goniometer Data Recorder 

Wave Detector 
Pre-amp. Main Amp. Band-pass filter 
Equalizer f•0.75, ,. 2 Amplifier 
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MIZUHO Data Recorder 

Fig 1 Block diagram of the VLF observation systems at Syowa and Mizuho Stations. 
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height and 20 m at base was used for receivmg VLF emission at Syowa Stat10n. A 
square loop antenna and its dimens10n is 2 m in height and 20 m m width with an ef
fective area of 40 m 1s used at Mizuho Station. Both antennas were set m a vertical 
plane whose normals are oriented m the geomagnetic east-west direct10n. A specially 
designed circuit for equahzmg the frequency charactenstics of antenna is assembled in 
the preamplifier in order to make possible a quantitative companson of the intensity 
in VLF emiss10n between the two stations. The frequency-amplitude charactenstics 
of both receivers (mcludmg equalizer and preamplifier) are shown m Fig. 2. Both 
receivers can detect the wave with intensity above 10- 15 watt/m2Hz in the frequency 
range from 300 Hz to 20 kHz. VLF em1ss10ns were recorded by several magnetic tape 
recorders (video tape recorder, aud10 tape recorder) and the band limitted mtensities 
were recorded by pen wnting recorders The center frequency of the narrow-band pass 
filters 1s 750 Hz, 1 kHz, 2 kHz, 8 kHz and 20 kHz and band-width of them 1s 300 Hz, 
400 Hz, 800 Hz, 3.2 kHz and 1.6 kHz respectively. The most difficult problem m our 
observations was how to achieve the earthmg of the electric ctrcmts. Especially Mizuho 
Station 1s located on the thick contmental ice (the thickness 1s about 2000 m), hence it 
was difficult to have a good earthmg of the circuits. The low frequency range of VLF 
emissions (lower than 2 kHz) was seriously disturbed by the dynamo noise because of the 
poor earthmg of the power system at Mizuho Stat10n for the first part of the observation 
penod. A radial counter poise (radms 30 m, number of radial lines 24) extended under 
the snow surface near the foot of the antenna, fairly reduced the n01se level and the 
high S/N level of VLF emissions was obtained for the rest of the observation period. 
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Fig 2 The frequency-amplitude charactensltcs 
of VLF receivers at Syowa and Mizuho 
Statwns 

The all-sky camera auroral photographs and the mendian auroral photographs were 
operated at Syowa Stat10n and they were used to study the relat10ns of the locat10n, 
pattern and slow movement of aurora and hiss emissions. Smee the coverange of all
sky camera photograph 1s limited withm one thousand km and is not enough to study 
the relation between the auroral activ1t1es and the hiss emiss10ns m a global scale. 
Hence, photographs of aurora obtamed by a polar-orbitmg U.S. Atr Force satellite 
DMSP (m 99° mclmat10n Sun-synchronous orbit with altitudes rangmg between 815 km 
and 852 km, the orbital penod 1s about 102 minutes) are also exammed to study the 
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relat10n between hiss emissions at Syowa Stat10n and auroral activities in the pre
midnight sector. 

3. Comparisons of Auroral Hiss Spectra Observed 

at the Two Stations 

The dmrnal and seasonal vanations of the occurrence frequencies of hiss emissions 
observed at Syowa and Mizuho Stations are statistically examined. Fig. 3 represents 
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Fig 3. Diurnal and seasonal varzatwns of the occurrence rate of auroral hiss at 8 kHz 
band observed at Syowa and Mizuho Statwns The events with spectral densities 
above JO x 10-15 watt/m2Hz were selected at Syowa Statzon and above 0.5 x 10-15 
watt/m2Hz at Mizuho Station 

all auroral hiss events with mtens1ty higher than the threshold level at 8 kHz band, 
based on the records of both stations. The hiss emissions tend to appear at earlier 
magnetic local time in equmoxes in the similar fashion at the two stations. It is seen in 
this figure that the auroral hiss emissions occur more frequently at Mizuho Station than 
at Syowa Station. However, this is not real, and is due to the fact that we selected hiss 
emiss10ns stronger than 0.5 x 10-10 watt/m2Hz at Mizuho Station and hiss emissions 
stronger than 1.0 x 10-15 watt/m2Hz at Syowa Station. Thus, there is no systematic 
differences of occurrence of hiss between Syowa and Mizuho Stations, although the 
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difference of the geomagnetic latitude 1s about 3°. We next examme in detail two 
typical auroral hiss events observed at both stations. 

-September 12, 1977 event-
The mtensity of auroral hiss at 0.75, 1.0, 2 0, 8.0, and 20 kHz bands observed at 

Syowa and Mizuho Stat10ns 1s shown m Fig. 4. From 2040 UT to 2130 UT, the 
similar auroral hiss 1s mtermittently observed. Accordmg to the mendian auroral 
photograph, the steady auroral arc 1s seen near the poleward honzon of Syowa Sta
tion in this interval. After 2200 UT, the strong auroral hiss with wide frequency range 
began to occur associated with the 1mtial bnghtenmg of aurora near the zemth of Syowa 
Station. The intensity of this emission observed at Mizuho Stat10n was stronger than 
that at Syowa Stat10n. Fig. 5 shows the frequency-time spectra of auroral hiss observed 
at both stat10ns from 2050 UT to 2220 UT The spectral shape and the time varia
tions of lower and upper cut-off frequency were especially similar between the two 
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Fzg 4 The auroral hiss intensity at O 75, I 0, 2 0, 8 0 and 20 0 kHz bands observed at 
Syowa and Mizuho Statwns. The mendtan aw oral photographs observed at Syowa 
Station during thzs mterval a, e also shown 
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stations from 2100 UT to 2120 UT. We examined several times expanded-frequency 
spectrograms of auroral hiss emission in order to study the characteristic of hiss in 
detail. Fig. 6 shows the expanded frequency-time spectra from 2105: 00 to 2105: 33 
UT and the intensity of auroral hiss at 8.0 kHz band from 2103: 50 to 2107: 10 UT. 
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The frequency-fl me spectra observed at Syowa and Mizuho Stations from 2050 UT 
to 2220 UT. 
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Fzg. 6 The top panel shows the frequency-tzme spectra and the bottom panel shows the 
zntenszty of auroral hiss at 8 kHz bands observed at Syowa and Mizuho Stations. 
An all-sky photograph of aurora observed at Syowa Statwn zs also shown 
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J n  the bottom panel, the fast variation of 8 kHz band 111 tens1ty 1s atmospheric and the 
slow vanat1on of the background level represents the occurrence of auroral hiss emis
sions. It shows the auroral hiss em1ss10ns began to occur after 2105 : 00 UT The 
upper panel shows the frequency-time spectra at both stat10ns after 2105 : 00 UT The 
occurrence time of hi ss between Syowa and M 1zuho Stations was adjusted by the 
Omega-signal received at both stations. Smee the hiss emissions have no clear d1s
pers1ve spectra, 1t 1s not easy to compare the hiss spectra observed at both stations m 
detail In this analysis, we found that the hiss spectra observed at both stations were 
very similar w1thm an accuracy of one second This result suggests that the observable 
d istance of hiss em1ss1ons on the ground may be larger than 270 km m this case 

_August 27, 1977 event-
The mtens1ty of auroral hiss at 0. 75, I 0, 2. 0, 8 0 and 20 0 kHz bands observed at 

both stations 1s shown 1 11 Fig. 7. From 2200 to 0030 UT, the s1m1Iar auroral hiss 

AUG. 2 7, 1977  MIZUHO 

22h29m50S 23h0Qm10S 23h35m40s 23h50m10s 

F,g 7 The auroral hw, 111ten!>1ty at O 75, I 0, 2 0, 8 0 and 20 0 kHz bands ob5et ved at 

Syowa and Mizuho Statwns The all-5ky aur01 al photographs of aw ora observed at 

Syowa Statwn me also 5/zown 
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Fig 9 The top panel shows the frequency-time spectra and the bottom panel shows the 
zntens1ty of auroral hiss at 8 kHz bands observed at Syowa and Mizuho Statwns 
An all-sky photograph of aurora observed at Syowa Statwn ts also shown 

em1ss10ns are intermittently observed In this time mterval , the steady auroral arc is 
seen near the poleward honzon of Syowa Stat10n around 2230 UT and near the zenith 
after 2300 UT. Fig 8 shows the frequency-time spectra of auroral hiss observed at 
both stations from 2220 to 2350 UT. The mtens1ty and the spectral shape were 
especially s1mdar between the two stat10ns around 23 1 0  UT. The expanded frequency-
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time spectra of auroral hiss observed from 2307 : 00 to 2308: 18 UT and the band limit
ted intensity of auroral hiss at 8 kHz from 2306: 00 to 2309 : 00 are shown in Fig. 9. 
The bottom panel shows the intensity of 8 kHz band of auroral hiss observed at both 
stations. It shows very similar vanations of hiss intensities. The upper panel also 
shows the frequency-time spectra. The similar hiss spectra including the atmospherics 
are recognized at both stations 

4. The Global Auroral Activity and Auroral Hiss 

The intensity of hiss emission becomes generally weaker when the auroral activity 
is far away from the observation site of VLF emission. Smee the coverage of all-sky 
camera photograph 1s limi ted within one thousand km and is not enough to study the 
relationship between the auroral activities and the hiss emissions, the photographs of 
aurora obtained by a polar-orb1tmg U S. Air Force satellite (DMSP) are examined to 
study the relationship between the hiss em1ss10ns at Syowa Stat10n and the global 
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Fig. JO. The top panel shows the DMSP auroral photograph and the bottom panel shows 
the intensity of aurmal hzss at 8 kHz and 32 kHz bands obse1 ved at Syowa Station 
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auroral activities. Fig. 10 shows the DMSP auroral photograph and the VLF emis

sion at the 8 kHz and 32 kHz bands observed at Syowa Station. A bright auroral 

arc, with a westward traveling surge, was seen at about 300 km south of Syowa Sta

tion. The strong hiss emission at the 8 kHz band that was observed around 1913 UT 

would be related to the closest approach of the bright auroral arc at Syowa Station. 

A strong hiss with a high frequency component above 32 kHz was observed around 

1936 UT. It may be an indication that the active aurora reached near the zenith of 

Syowa Station, but we had no auroral data at the moment. 
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Fzg. 11.  The DMSP auroral photograph and the zntenszty of auroral hzss at 8 kHz and 
64 kHz bands observed at Syowa Statzon are shown at the top and the bottom panel 
respectively 
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On the other hand, when the aurora is located around 500 km or more away from 
Syowa Station, the auroral hiss 1s not observed m relat10n with the bnght aurora as 
shown m Fig. 11. The auroral photograph and the VLF emission at the 8 and 64 kHz 
bands are shown m this figure. The bnght multiple auroral arcs were seen at about 
600 km south of Syowa Stat10n from the auroral photograph taken from 1928 UT to 
1930 UT. In this interval, however, no auroral hiss emissions at the 8 kHz and 
64 kHz bands were recognized at Syowa Station. These tendencies were seen m some 
other examples. 

These relat10ns suggest that auroral hiss em1ss1ons are not observed when the 
aurora 1s located farther than 600 km poleward of the stat10n. The s1m1lar results are 
obtained by AYUKAWA (1978 ; pnvate communication).  Accordmg to his exammat10ns 
of the relat10nship between the locat10n of aurora and the hiss mtens1ty, when the 
auroral locat10n 1s 500 km away from the station, the associated h iss intensity becomes 
very weak SRIVASTAVA (1976) exammed the simultaneous hiss observat10ns between 
College and Barter Island about 600 km apart from each other and obtained that 
auroral hiss emiss10ns were not identical at these two stations From these examina
tions, he suggested that the maxmmm propagat10n distance of hiss emission must be 
about 600 km 

5. Discussions 

It 1s clear that the simi lar auroral hiss emiss10ns can be observed at both stations 
simultaneously. From the auroral photographs observed on DMSP satellite, the 
maximum correlation distance of hiss emissions observed on the ground may be less 
than 600 km. ln order to explain these observed results, we computed the ray paths 
of 8 kHz waves from 3000 km altitude, where the duct would terminate (CERISIER, 1 974), 
to the 10nosphere Note that there are other possibilities that the waves depart from 
the duct at the altitude higher than 3000 km or the wave propagates down to the 
ionospheric level ( =200 km) along the field line. We have examined these possib1ht1es 
m detail and obtamed that this model well explains the coordinated ground-satellite 
VLF observation results and the relationships between the arnval d1rect10n of hiss and 
the locations of aurora (MAKITA, 1979) . First, we must examme the wave normal 
d1rect10ns of the ray at the ionospheric level (h=200 km) carefully because the wave 
transmission through the lower ionosphere requires that the wave normal direct10ns 
of the downgomg ray must be in a small transmission cone angle (MAEDA and Qy A, 

1 963 ; HELLIWELL, 1 965). 
Fig 12 shows ray paths computed with different m1tial wave normal angles 0�  

(angle measured from the field line) around the exit pomt from the duct It also 
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Fig 12. Ray paths for the waves of 8 0 kHz at varwus initial wave normal angles starting 

at 3000 km and coming down to the final altitude near 200 km. The initial wave 

normal angles are measured from the field lme and the final wave normal angles are 

measured from the wnospherzc vertical plane (h "' 200 km) The magnetic latttude at 

the ground is 70.0° . 
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shows the wave normal angles of the ray path (measured from the ionospheric vertical 
plane at altitude of 200 km). Assuming the limited transmission cone angle is ± 5° 

at frequency of 8 kHz, the wave normal directions of the two ray paths indicated by 
"path 4 and 5" lie in the transmission cone. This result indicates that the transmission 
region of VLF waves departs from the duct and also shows that the transmiss10n area 
at the ionospheric level (h=200 km) is about two hundreds of km or more. These 
calculated results well explain our observed results at Syowa and Mizuho Stations. 
The calculated ray paths also indicate that the distance between the exit of hiss and the 
aurora at the 10nospheric level depends on the magnetic dip angle. Smee the width 
of the transmission cone angle varies with the electron density at the 10nosphenc level, 
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1t 1s important to examme the electron density at the 10nosphenc altitude in detail in 
order to determme the transm1ss10n reg10n of auroral hiss 
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