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FORWORD

This exhaustive case study of an unusual period of solar-terrestrial activity (September and November 1977) is
a truly cooperative international effort. It contains data reports from 116 individuals and groups throughout the
world, giving details of the solar activity itself and its consequences in the interplanetary medium and the
Earth's vicinity that far exceed those normally exchanged through the World Data Centers. The quantity of data
contributed is amazing, yet it probably represents only a modest fraction of what exists. A by-product of this
effort is its service as an index to (or perhaps more a reminder of) those groups that are active in monitoring and
performing special experiments in the Solar-Terrestrial Physics (STP) disciplines.

The covered period excited the STP community for a number of reasons. It was the first period of outstanding
STP activity since the 1976 solar cycle minimum. Of course, a solar minimum happens every 11 years and by itself
is not exciting to any but the newest workers in the field, but this was a time of unusual activity for this (or
any) stage of the solar cycle. There were two cosmic ray ground level events (GLEs) in September and one in
Movember, with the November increase being the largest since 1960. The Sun was dominated by one active region,
McMath 14943, which contained an old cycle spot group that Helen Dodson Prince had contemporaneously termed
"ambiguous". The region was 2 days past the west 1imb when the second September GLE occurred, but the disk at that
time was bland. There was therefore an opportunity to study in detail the major interplanetary and terrestrial
effects of a solar activity situation that was not complicated, as it usually is, by several possible sources of
enhanced solar radiation and particle emission. The phenomena seem to have been well observed and the November 22
events fortuitously came during a planned period of intensive observation, Interval Number 4 of the Study of
Traveling Interplanetary Phenomena (STIP).

This was, in effect, a self-declared interval for special studv; it was first suggested hy Dodson Prince and
then by the leaders of the STIP program of SCOSTEP. The plan for a special data compendium was endorsed by the
MONSEE Steering Committee of SCOSTEP and a call for contributions was issued by the World Data Center A (WDC-A) for
STP in January 1978, The response was literally overwhelming, to a degree that the editorial staff of WDC-A was
swamped to the point of embarrassment. We take comfort in knowing that the phenomena were unique, at least thus
far in our experiences with STP activity, and so the data reports should not become outdated.

This compilation has been a labor of love for John McKinnon and more recently for the retired long-time leader
of WDC-A for STP, J. Virginia Lincoln. They have had much help from Helen Coffev and others in the technical
editing of the data reports which were submitted in all variations of the English lanquage. William Winkler, the
chief editor for the Data Center, prepared the manuscript for publication, a not inconsiderable job. Others who
have helped include Susan Godeaux and Carol Weathers. There has been welcome financial assistance from the U.S.
Air Force Geophysical Laboratory. The delay in publication is regrettable, but some comfort can be taken that
resources were indeed found in difficuli times to complete the project and that the perseverance, especially of
Miss Lincoln, prevailed. We think this project will have a lasting influence.

A.H. Shapley
Chair MOMNSEE Steering Committee
ICSU Scientific Committee on Solar-Terrestrial Physics
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5. IONOSPHERE

Bremsstrahiung X-Ray Observations of Precipitating Electrons by
Balloons Launched from Roberval, Canada (L=4) on September 18 and 24, 1977

by

J.C. Siren, T.J. Rosenberg and D. Detrick
Institute for Physical Science and, Technology
Unjversity of Maryland, College Park, MD 20742

X-ray detector-equipped balioons were launched from Roberval, Canada (48°31'N 72°16'W; MLT =
UT-5h.) on September 18 and 24, 1977, bracketing the magnetic storm of - September 20-21, 1977. As the
scientific purpose of the balloon campaign was to investigate the wave-particle interactions that tend
to occur during quieting intervals following magnetic activity [D.L. Carpenter, personal
communication], no launches were made during the intense part of the storm. This report summarizes the
X-ray data obtained from the two flights. Ground-based VLF, riometer and magnetometer data are men-
tioned as they pertain to the actual intervals of the flights. The X-ray instruments are identical to
those described by Rosenberg et al. [1977], which should be consulted for more detailed information. A
summary report of the available data has been submitted to World Data Center A, and is reproduced as
Table 1. Sequential summaries of the more noteworthy observations are given in Table 2, Figure 1l
shows time plots of the integral X-ray count rates (30-second averages) for the two flights.

TABLE 1. STATUS REPORT ON SPECIAL STP DATA

PROGRAM
F.4 Ballon Measurements
INSTRUMENTATION
X-Ray detector (scintillator crystal with pulse height analyzer)

PARAMETERS MEASURED

X-Ray: Count rates, 25 keV and 25-500 keV in seven differential channels

LOCATION OF MEASUREMENTS AND TIME OR TIME INTERVALS OF MEASUREMENTS

Roberval, Canada (48°31'N, 72°16'W)

2 Flights: 18 Sept. '77 0641-1539 UT X-ray
24 Sept. '77 0741-2020 UT X-ray

AMOUNT OF DATA AVAILABLE AND FORMAT

X-ray: 10 ms resolution, analog and digital tapes
0ff-line digital tapes l-s, 30-s averages .
Plots of 30-s averaged data from complete flights

CONTACT THROUGH WHOM TO REQUEST DATA

Dr. T.J. Rosenberg

Institute for Physical Science and Technology
University of Maryland

College Park, MD 20742
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TABLE 2.

BALLOON FLIGHT LOGS

18 Sept. 1977

Time (UT)

0641  Launch

0830 Ceiling altitude-background count rate

0900 Whistlers triggering emissions. Magnetometer, riometer quiet.
1035 Whistlers at Siple.

1342 No transmissions received yet from Siple.

1353 Siple transmissions received at Roberval. (Continues with some fading until 1531.)
15639  Balloon cutdown. Balloon had drifted 257 km SW.

24 Sept. 1977

0738  Launch

0916 Count rate well above background.

0929 Ceiling altitude.

0940 Long-period count rate variations.

0950 5-10 sec period structure,

1043  Count rate decreasing. Riometer indicating absorption. Magnetometer indicating

variations. VLF risers at Roberval and Siple.

1146~ Small count rate increases.

52

1404~ Count rate maximum,

06

1645- Small count rate increases.

58

1710- Count rate maxima. VLF quiet.

15

2020  Balloon cutdown. Baloon had drifted 385 km NE.

BALLOON ALT. (KM.}

25-300 KeV. X-RAYS (C/S X 0%}

35
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Fig. 1. Integral channel count rates.
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In general the September 18 flight detected little other than steady cosmic ray background count rates
in all differential channels and the integral channel. Limited, short-period positive excursions were
observed briefly. No magnetometer or riometer activity occurred. However, VLF transmissions from
Siple station at the conjugate point, and artificially stimulated emissions, were received at Roberval
for about 2 hours beginning at 1353 UT. During this time the balloon was southwest of Roberval, in the
sector from which Siple signals most often arrive [Leavitt et al., 1978]. However, there was no evi-
dent indication of any association of precipitation with the VLF emissions, possible indicating the
wave-particle resonance involved electrons of energy less than the 25 keV instrumental threshold.

By contrast, the September 24 flight ascended into an event already in progress, as can be seen by
comparison of the two flights' ascent curves. Count rates several times the background rate occurred
in the differential channels, as well as the integral channel, prior to % 1100 UT. Briefer count rate
increases occurred at v 2-3 h intervals subsequently. Riometers and magnetometer variations accom-
panied the initial count rate maximum. Much natural VLF activity (chorus and risers) was recorded at
both Roberval and Siple but VLF transmissions from Siple were not received at Roberval.
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Ionospheric Effects of Proton Flares in September 1977 at Arkhangelsk and Gorky

by

V. V. Belikovich, E. A. Benediktov, L. V. Grishkevich,
E. F. Kozlov and N. I. Samorokin
Institute of Terrestrial Magnetism, the Ionosphere,
and Radio Wave Propagation
Academy of Sciences of the USSR
Gorky Scientific Research Radiophysical Institute

According to data published in Solar-Geovhysical Data [1977a], on the 19th of September 1977 at
1028 UT a proton flare-occurred causing different geophysical phenomena. This paper presents some rio-
meter absorption observations both during the flare (SCNA) and some time after it (PCA and anomalous
absorption). The riometer absorption was measured in two places simultaneously: at Arkhangelsk
(N64.6 E40.5) and at Gorky (N56.1 E44.3). At Arkhangelsk the cosmic radiation level was recorded at
9, 13 and 25 MHz and at Gorky at 13 and 25 MHz. ~

The SCNA effect is clearly seen on all riometer records, and its development is shown in Figure 1.
Curves 1-5 characterize anomalous absorption values during the flare and correspond to 9, 13 and 25 MHz
measured at Arkhangelsk; and to 13 and 25 MHz measured at Gorky. Parts of the riometer records are
shown as dotted Tines. Since these measurements were greatly influenced by radio interference, they
show only a tendency for anomalous absorption effects. In the same figure variations in the H compo-
nent of the geomagnetic field relative to a diurnal variation determined by 5 magnetically quiet days
(Arkhangelsk data) are given too. Figure 1 seems to present a typical magnetic crochet or solar flare
effect. The maximum value of the anomalous absorption at 13 and 25 MHz at Arkhangelsk appears to be
some 10% greater than that at Gorky for the same frequencies. The zenith angle (x) of the Sun, how-
ever, was 65.5° at Arkhangelsk and 59.5° at Gorky. Such a relationship between the two zenith angles
and the anomalous absorption values during SCNA events was noted before by Belikovich et al. [1977],
and it seems to indicate a peculiar variation of ionospheric D-region parameters with latitude. In
particular, the electron loss coefficient (¥) in the lower ionosphere may be considered a little less
in the auroral zone than at mid-latitudes.

The duration of the SCNA effect at Gorky did not exceed an hour and a half, declining to a near-
zero absorption level by 1200 UT. At Arkhangelsk the anomalous absorption declined as well after the
flare until approximately 1245 UT. Then, it again began to increase. An increase in absorption fol-
lowing a flare is characteristic of the PCA phenomenon [Belikovich et al., 1969].

—AN,J« 150
—o——e Azkhangezsk
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Fig. 1. Development of SCNA and magnetic crochet during the 3b flare of September 19, 1977 as ob-
served at Arkhangelsk and Gorky, USSR. Curves 1, 2, and 3 represent absorption of 9, 13
and 25 MHz, respectively, measured at Arkhangelsk; curves 4 and 5 represent absorption
at 13 and 25 MHz, respectively, measured at Gorky. The top unnumbered curve shows the
variations in the Arkhangelsk H component of the geomagnetic field computed as the dif-
~feye2c§ between the measured value and a diurnal curve determined from 5 magnetically
quiet days.
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Further absorption variations at 13 MHz together with H-intensity variations from September 19 to
27 are shown in Figure 2 (Arkhangelsk data). Each vertical line in Figure 2a indicates the difference
between the maximum and minimum values of the anomalous absorption for a particular hour of observa-
tions. The length of each horizontal 1line along the x-axis corresponds to daylight hours. Hourly
averaged values of the H-intensity in Figure 2b are connected by a broken line. The periodic dashed
curve indicates a quiet H-intensity variation determined from 5 magnetically quiet days.

In the average the absorption was maximum on September 19 and 20 when PCA, anomalous absorption
events, and a moderately severe geomagnetic storm occurred. For individual parts of the riometer
records an index of absorption frequency dependence was calculated; its value appeared to be close to
unity. This may be considered as an indirect confirmation that protons are of great importance in
atmospheric ionization. After September 20 the average anomalous absorption decreased greatly, and
in the evening of September 21, it was about 1 dB. On the same day at approximately 2000 UT, a new
magnetic storm began during which the H-intensity varied up to 1000 nT. This storm was also accompanied
by an increase auroral absorption on September 22 and 23.

It should be noted that between September 24 and 27 a rather considerable absorption was recorded,
the maximum value of which at about local noon was 1-2 dB. During this period the magnetic field was
guiet, with the exception of a short-term disturbance on the night of September 27. A clear dependence
of the absorption value on the time of day (solar control) suggests that the riometers recorded a PCA
phenomenon on these days. Another interpretation, however, of such diurnal variations in the anomalous
absorption assumes that the electron loss coefficient (¥) in the Tower ionosphere fell to 1/2 to 1/3
of its quiet-day value because the cluster ion concentration decreased.

As a final comment, observations published in Solar-Geophysical Data {1977b] described a weak pro-

ton flux enhancement detected by the NOAA satellite SMS-2 on November 22, 1977 during qu1et geomagnetic
field conditions. Arkhangelsk records contained no evidence of this event
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Fig. 2. (a) Daily 13 MHz absorption variation at Arkhangelsk for the September 19-28, 1977 period.
Each vertical line indicates the difference between the maximum and minimum values of the
anomalous absorption for a particular hour of observation. The Tength of each horizontal
Tine along the x-axis corresponds to daylight hours. (b) Variations in the H-intensity at
Arkhangelsk on September 19, 1977. The periodic dashed line connects hourly averaged values
and indicates the quiet H—1ntens1ty variation determined from 5 magnetically quiet days.

291




BELIKOVICH, V. V.,
BENEDIKTOV, E. A.,
and RAPOPORT, Z. Ts.

BELIKOVICH, V. V.,
BENEDIKTOV, E. A.,
and ITKINA, M. A.

SGD

SGD

1969

1977

1977a

1977b

REFERENCES

PCA in July, August, and September 1966 according
to Observations in the Auroral Zone. Geomagnetizm
1 Aeronomiya, 9, 666-673. (In Russian)

The Electron Loss Function in the :-D Region of the
Tonosphere and Dependence of the Radio Wave Anoma-
Tous Absorption on the Zenith Angle of the Sun
during Geomagnetic Disturbances, Geomagnetizm <
Aerovomiya, 17, 427-432. (In Russian)

Solar-Geophysical Data, 398 Part I, 11, October
1977, U. S. Department of Commerce (Boulder,
Colorado, U.S.A. 80303).

Solar-Geophysical Data, 400 Part I, 26, December
1977, U. S. Department of Commerce (Boulder,
Colorado, U.S.A. 80303).

292




The Phenomena in the Ionosphere Associated with the Proton Flares
on September 7-24 and November 22, 1977 According to the Data
of the Sverdlovsk Station

by

V.F. Zakharchenko, A.S. Lakin, M.V. Levin, and T.V. Nikulnikova
Institute of Geophysics, the Urals Science Center
USSR Academy of Sciences, 91, Pervomaiskaya Str.
Sverdlovsk, USSR

The results obtained at the Sverdlovsk (Arty) ionospheric station ($=56°26'N, A=58°34'E) are pre-
sented for a detailed analysis of the geophysical events associated with the proton flares of September
7-24 and November 22, 1977,

Figure 1 shows the values of the lowest frequency at which echo traces were observed on the
jonogram (f min) during September 1977. On September 19 at 1445 LT a sudden enhancement of f min (up
to 5.9 MHz) was observed. It should be noted that the high values of f min continue for about half an
hour followed by a slow return to the initial level. The duration of this disturbance is approximately
2 hours. It is in the usual form of sudden ionospheric disturbance caused by solar flares. A short-
time absorption in the vicinity of a critical frequency of the F2 layer was observed on September 19 at
1445 LT,
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Fig. 1. fmin September 28-30, 1977 at Sverdlovsk (Arty)
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An ionospheric disturbance with a gradual enhancement of f min took place on September 20 and
lasted from 0730 to 1320 LT. The maximum value of f min (equal to 3.5 MHz) was registered at 0930 LT.

Abnormally high values of f min were also observed during the period of September 25-27, the
short-1ived black-out conditions taking place at frequencies up to 10 MHz on September 26 at 2115,
2145, 2200 LT and on September 27 at 0045, 0115 LT.

Figure 2 is the f plot during November 22, 1977. The solid line represents the median values of
foF2 during the 10 universal magnetically quiet days in November. The results of vertical incidence
sounding show the absorption present in the vicinity of the lower frequencies at 1100 and 1415 LT. The
behavior of the critical frequency of the F2 layer is unusual. There is a small absorption near fofF2
from 0715 to 1000 LT. At 1115 LT a sharp decrease of foF2 is observed. For 45 minutes foF2 decreased
by 2.2 MHz. A drop of foF2 associated with solar flares was noted earlier [1971].
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Polar Cap Absorption Events in September
and November of 1977 by Riometer Data
at the Soviet Arctic and Antarctic
Stations

by .

V.M. Driatsky, V.A. Ulyev and A.V. Shirochkov
The Antarctic and Arctic Research Institute
Leningrad, USSR

Introduction

In the present study we analyze PCA events which occurred in September and November 1977: Sept 9
- 11; Sept 16 - 19; Sept 19 - 22; Sept 24 - 28; and Nov 22 - 28. The analysis has been made according
to the scheme used in our previous studies [see UAG-28]. The morphological features such as the general
character of PCA variations, the noise storm, the day-night variation, the midday recovery, the sudden
commencement absorption, the PCA latitudinal structure and the asymmetry absorption effect are examined
in each PCA event.

The PCA mentioned above are designated as follows: PCA (1), PCA (2), PCA (3), PCA (4) and PCA
(5). The absorption variations recorded during these PCA events are given in Figures 1-5. Dark Tines
under the time axis indicate periods when the Sun's zenith angle for the corresponding site exceeded
90°, vertical arrows on the time axis indicate time of local geographical noon. Solar flare charac-
teristics are given in the upper part of each figure. The stations used in this study are at following
corrected geomagnetic latitudes: ¢ = 82°N (NP-22), ¢ = 73.8°N (Heiss Island), ¢ = 70.3°N (Cape
Zhelaniya), ¢ = 67.2°N (Dixon Island), ¢ = 63.9°N (Amderma), ¢ = 66.2°S (Novolasarevskaya), ¢ = 67.6°S
(Molodezhnaya), ¢ = 76.8°S (Mirny), and ¢ = 84.3°S (Vostok).

The statement "station in the center of the polar cap" is used for the stations with ¢>70° (NP -
22, Heiss Island, Mirny, Vostok), while the statement "stations in the auroral zone" is used for the
stations with ¢<70° (Cape Zhelaniya, Dixon Island, Amderma, Novolazarevskaya, Molodezhnaya).

The General Character of the PCA Events

The general character of the PCA event means the description of the main characteristics of the
analyzed PCA (the time of commencement, maximum and end) by data of one of the stations in the center
of the polar cap.

If the ionosphere vertically above the station was constantly in daylight during the PCA we esti-
mated characteristics of the daytime PCA, if constantly in darkness, nighttime PCA. This situation was
especially observed during the November PCA.

If there were changes in sunlit conditions (as in the September event), then we describe the
characteristics of the daytime PCA event only.

PCA (1)

The time of onset and of the increasing phase of the PCA is difficult to describe because at this
time the ionosphere over the stations was in darkness. The very smoothed maximum occurs on September
10 in the first part of the day. The decreasing phase is slow. This PCA ended on September 11. On
the whole, such variations are typical of the PCA attributed to flares on the eastern side of the solar
disk.

PCA (2)

The general characteristics of this PCA are as follows: Slow increase, smoothed maximum and slow
decrease. This character for the PCA can be observed after flares occurring near the Sun's central
meridian.

PCA (3)

This PCA has a rapid onset, a wide maximum with some peaks and a rather rapid decrease. This type
of variation can be interpreted in this way: The absorption during this PCA is attributed to two
fluxes of solar cosmic rays {SCR). One of them is the diffusive flux and the second is the trapped
flux. The two intense flares that occurred on September 16 and 17 and the intensive flare on Sept 19
gre agtr}?uted to the distortion of the interplanetary magnetic field (IMF) resulting in magnetic traps

or SCR fluxes.
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PCA (5)

The general features of the daytime variation (at the Vostok station) are as follows: A rapid
onset, sharp maximum and gradual decrease. Such features are typical for the PCA events attributed to
flares occurring on the western part of the solar disk and they reflect the diffusive mode of the SCR
propagation in IMF. Two pecularities are the result of SCR generation and injection into space. The
nighttime variation of this PCA (NP-22 variation), is essentially different from that of the daytime
increase. It is more gradual, maximum magnitude is less and the whole duration is shorter than the
corresponding characteristics of the daytime PCA. The maximum of the nighttime variation occurred 7 h
later than the daytime one.

PCA (1)

Before this PCA no strong flares were on the visible side of the solar disk. This PCA could be
associated with a flare behind the western limb of the Sun. The main features of this PCA are typical
of PCA events, attributed to such flares: Rapid increase, sharp maximum and gradual decrease.

Noise Storm (SCNA)

A noise storm is registered on the riometer records as sharp short-time variations of the cosmic
noise. Radio waves generated during the flare cause the noise storm--that is why we can register a
noise storm only: 1) if the solar disk screens the radiowave propagation to the Earth, i.e., the flare-
occurs on the visible solar disk, 2) when the ionosphere vertically overhead is not screened by the
Earth i.e., when the ionosphere vertically overhead is in sunlight.

PCA (1), PCA (2), PCA (4)

During these PCA events a noise storm was not registered because: (1) during PCA (1) and PCA (2)
the jonosphere vertically overhead was not in sunlight and (2) the flare, attributed to PCA (4),
occurred on the invisible solar disk.

PCA (3)
The noise storm was registered at all stations at the time near onset of the corresponding flare.

PCA (5)

The noise storm was registered only in the riometer records of the Southern Hemisphere stations.
The noise storm occurs 10 min later than the PCA (5)-parent flare.

Day-night Variation

This effect becomes apparent at the stations where the ionosphere sunlit conditions vary from
night (zenith angle is more than 90°) to day (zenith angle less than 90°). Under such conditions the
absorption varies from small values at night to large values during the day. The difference is about 3
to 8 times. To estimate this effect "K" is used. K is the ratio of the daytime absorption to night-
time absorption [Driatsky, 1974].

PCA (1), PCA (2), PCA (3), PCA (4)

As shown in Figures 1, 2, 3 and 4, the day-night variation was present during all these PCA events
in the absorption variations of all stations. We have calculated K because of the small absorption
values during these PCA events during both night and day.

PCA (5)

During this PCA the day-night variation is registered only at the Southern Hemisphere stations:
Mirny and Molodezhnaya. We did not calculate K for this PCA because during the night in the ionosphere
over Mirny and Molodezhnaya there was total darkness (zenith angle was not more than 95°).

Sudden Commencement Absorption (SCA)

This effect is the increase over short-time period {some min or some h). This increase follows an
SSC impulse registered in the geomagnetic data.
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PCA (1), PCA (2), PCA (4)

During these PCA events an SSC impulse was not registered in the geomagnetic data. Thus it is
obvious why the sudden commencement absorption effect was not registered in the riometer data.

PCA (3)

During this PCA the S$SSC impulse was not registered in the geomagnetic-data. In the absorption
variations there was no essential change in absorption which might be related to the impulse SSC. In
the Southern Hemisphere after the SSC impulse, an absorption increase is observed which can be con-
sidered as an SCA effect. At the stations of the auroral zone the peak of this increase was registered
12 h after the SSC impulse and at the stations in the polar cap center - 4 h later.

PCA_(5)

During this PCA the SSC impulse is registered in the geomagnetic data but a well pronounced change
in the absorption characteristics is not evident in any of the examined variations.

Midday Recovery Effect

This effect is the absorption decrease lasting during several hours and its minimum falls on the
Tocal midday (before midday--at the stations of the Northern Hemisphere and after midday--at the sta-
tions of the Southern Hemisphere). As a rule the midday recovery is registered in those PCA events
that are associated with the flares on the eastern part of the solar disk (sometimes those near the
central meridian) or in those PCA events which are attributed to the trapped SCR [Ulyev, 1978].

PCA (1)

There are comparatively large values of auroral absorption at the stations in the auroral zone, so
that we cannot decide if there is or if there is not a recovery effect during this PCA.

PCA (2)

In our opinion the absorption decrease on September 17 near local midday at Cape Zhelaniya,
Amderma, Novolazarevskaya, Molodezhnaya and Mirny, is the result of the midday recovery effect. This
decrease is first registered at the stations in the auroral zone.

Second, the decrease minimum as registered in the different hemispheres shows asymmetry of the
high-latitude border. The causes of this asymmetry are not known.

PCA (3)

On September 20 at Dixon Island and Amderma at about 08 UT (local midday), a greater absorption
decrease occurred which we interpret as the midday recovery.

From the point of view of the:flare location (on the western part of the solar disk), the midday
recovery appearance during this PCA is rather unusual because after such flares the midday recovery
effect as a rule is not registered in the PCA event. It appears that the midday recovery is attributed
to the trapped particles that cause the essential part of the absorption on Sept 20. Another pecu-
liarity of the midday recovery in this PCA event, as seen in Fig. 3, is that the midday recovery effect
was not registered at any station in the southern polar cap. Perhaps again there is asymmetry in mid-
day recovery appearance. But if during PCA (2) the asymmetry was connected with the sites situated in
the center of the polar cap, during this PCA the asymmetry is related to the auroral zone station. The
cause of the latest asymmetry should be carefully studied.

PCA (4)

During this PCA the midday recovery was not registered. This is consistent with the facts that
after flares on the western side of the solar disk or behind it, midday recovery effect is not usually
observed.

PCA (5)

Let us analyze the absorption variation in the Northern and Southern Hemispheres separately.
There is no possibility to observe a midday recovery event in the Northern Hemisphere because of the
small absorption values.
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In the Southern Hemisphere at Molodezhnaya on November 23 near local noon a decrease of absorption
is observed. That decrease looks like a midday recovery, however we do not consider this decrease to
be connected with a midday recovery.

First of all, its duration is about 12 h; that is, 2-3 times longer than that of the usual midday
recovery.

Second, this decrease is registered only at one station.

Third, the flare that is attributed to this PCA occurred on the western side of the solar disk and
in such cases a midday recovery is not usually observed.

The PCA Latitudinal Structure

To determine the PCA latitudinal structure means to compare absorption values registered at the
same moment in one and the same polar cap but at different geomagnetic latitudes.

To show by this comparison the dependence of absorption at such moments, we estimated (1) when
auroral absorption was insignificant, (2) when the ionosphere above the stations being compared was in
daylight.

PCA (1)

The comparatively large values of the auroral absorption do not allow us to find suitable moments
for the analysis of the latitudinal structure of this PCA.

PCA (2)

For comparison of the absorption in the north cap we have chosen 04 UT of September 17. The
absorption data at that moment are the following: A (Heiss Island) = 1.5 dB; A (Cape Zhelaniya) = 2.0
dB; A (Dixon Island) = 1.7 dB and A (Amderma) = 1.2 dB. Comparing these values we come to the conclu-
sion that the latitudinal structure of the northern cap has the following character: maximum absorp-
tion is observed at the latitude ¢ = 70.3°N (Cape Zhelaniya) but at lower latitudes (in auroral zone)
and at higher latitudes (in the center of the polar cap) the absorption is smaller.

In fact that in the auroral zone the absorption becomes smaller with the decrease of the latitude
was confirmed several times.

In the center of the polar cap ($>70°) the absorption decreases with the often observed fact that
in the center of the polar cap absorption is independent of latitude. This does not agree with the
often observed fact that in the center of the polar cap absorption is independent of the Tatitude.

PCA (3)

We have no opportunity to calculate the structure of this PCA, because there was great auroral
absorption at the stations during this PCA.

PCA (4)

Let us compare the absorption at the stations in the Northern Hemisphere at 04 UT September 25.
At that time the following magnitudes of absorption were registered: A (Heiss Island) = 1.3 dB; A
(Cape Zhelaniya = 1.5 dB and A (Amderma) = 1.3 dB. It can be seen that the development in the latitu-
dinal structure is the same as during PCA (2). At the stations of the Southern Hemisphere in the
center of the polar cap (Mirny and Vostok) the absorption at the chosen time (02 UT September 25) was
nearly equal (A = 1.5 dB); i.e., there was the plateau structure usually found at very high latitudes
(¢>70°).

PCA (5)

Let us compare the absorption at the stations of the Southern Hemisphere (Vostok, Mirny and
Molodezhnaya).

For the comparison we have chosen 02 UT September 25. The magnitudes of the absorption at all
stations at the chosen moment are nearly equal (A = 3.0 dB). One can say that during this PCA event
the plateau structure is observed at the stations in the center of the polar cap and reaches down to
the latitude of Molodezhnaya station (¢ = 67.6°S).

The ionosphere over the stations of the Northern Hemisphere was not illuminated and the magnitudes
of the absorption were negligible.
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PCA Asymmetry

PCA asymmetry is shown in such a way that the absorption is rather different at the stations
situated at the conjugate geomagnetic latitudes in the center of the polar caps at the same moment.
When the sign of the IMF is (+) then the absorption is more intense in the north polar cap and when the
sign is (-) then the absorption is more intense in the southern cap [Shirochkov, 1979]. The most
obvious times of the asymmetry effect are as follows: the first 10-12 h after the flare and the
periods of absorption caused by trapped particles.

To reveal this effect we compare the absorption at the Heiss Island (northern cap) and Mirny
(southern cap) stations. These stations are most suitable from the point of view of geomagnetic con-
Jjugacy and similarity of the sunlit conditions of the ionosphere over the stations.

PCA (1), PCA (2), PCA (3)

During these PCA events we did not discover a significant absorption difference at Heiss Island
and Mirny that can be interpreted as the appearance of PCA asymmetry effect.

PCA (4)

To reveal the asymmetry effect in this PCA we have calculated ratio of the absorption at Heiss
Island (Ay) to the absorption at Mirny station (Ag) for three times (September 24, 25 and 26 at 10 UT).
The values of this ratio are the following: Ay/Ay = 1.6 (Sept 24); Ayx/Ap = 1.05 (Sept 25) and Ay/Ap =
1.1 (Sept 26). The fact is that on September 24 the absorption on Heiss Island is 1.6 times higher

than that at Mirny. We explain it as manifestation of the asymmetry effect. It can be proven by
two arguments.

First, 10 UT Sept 24 is 2 h after the PCA onset; that is, this moment is within the period during
which as a rule the effect of asymmetry is observed.

Second, the absorption is higher at Heiss Island (the north cap), i.e., at that polar cap where it
should be higher because during this PCA the sign of the IMF was {(+) [Mansurov, 1977].

PCA (5)

In this event the effect of the asymmetry cannot be observed, as the ionosphere over the north
polar cap was in nighttime during the whole PCA, but over the south polar cap it was sunlit. This dif-
ference in illumination accounts for the absorption difference at the Heiss Island and Mirny.
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Polar Riometer Absorption Data
September 5-28 and Movember 21-24, 1977

by
P. Stauning

lonosphere Laboratory, Meteoroloaical Institute
c/o Technical University, DK-2800 Lynaby, Denmark

ABSTRACT

The present paper contributes a summary of cosmic noise ahsorption data from the STIP
periods: September 5-28 and November 21-24, 1977. The data have been obtained from a net
of riometer observatories in Greenland, Iceland and Morth Norway. Riometer data are
presented, and observations related to the occurrence of solar flares are discussed.

Introduction

The Jocation of the riometer observatories, that have supplied the data presented below, are shown in Table
1. The observatories are all located within the northern nolar cap. In addition to geoaraphic and geomaanetic
coordinates and 100 km L-values for each observatory the table gives receivina freauencies for the various
riometers operated by the Ionosphere Laboratory. For each riometer the cosmic noise quiet day reference level has
been derived as the upper envelope of a mass plot of the recordinas throuah the actual month.

Table 1. Observatory locations and riometer receiving freguencies as of December 1077.
Geographical Geomagnetic 100km gon]ab Station

Observatory Latitude Longitude Latitude Longitude L-value ?;nggigies operated by
Thule (Qanaq) 77.51% 290.77%  89.21° 356.40° 276 30 Danish Met.Inst.
Geopole 76.55°N  291.35%  88.05° 02.39° 179 21 (30) ETEE/AFSC
Godhavn 69.26°%  306.49%E  79.88° 32.59° 20.81 20,30 Danish Met.Inst.
Sdr.Stromfjord 67.02°N  309.28%¢  77.44° 34.27° 14.47 31 GTO
Godthéb 64.19°%  308.27°c  74.81° 29.56° 10.98  21,30,40 GTO
Narssarssuag 61.17°N  314.59%  71.19° 36.76° 7.31  20,30,32,40 Danish Met.Inst.
St.Sirius Nord 81.60°N  343.30°F  80.69° 134.39° 38.85 30 Sirius Patrol
Danmarkshavn 76.77°%  341.37%  79.43° 106.15° 20.92 32 GTO
Daneborg 74.30°N  339.18%F  78.19° 95.78° 16.25 21,30 Sirius Patrol
Kap Tobin 70.42°%  338.03°c  75.65° 81.63° 10.85 32 GTO
Angmagssalik 65.61°0  322.34%  74.32° 52.63° 9.29 32 GTO
Tidrnes 66.20°N 342.90°t 7.2 ° 79.5 ° 6.7 30,40 NTNF/UiB
Torshavn 62.03°%  353.24%  65.37° 84.77° 4,47 32 Danish Met.Inst
Ny-Alesund 78.92°N 11.92%  75.40° 131.17° 16.64 21,30 NTNF/AD
Bjbrnoya 74.51°0 19.18%  71.08° 124.55° 9.62 30,40 YN/AO
Tromsd 69.70°N 19.00° 67.14° 116.80° 6.33 30,40 AD

(ETEE/AFSC: VLF/ULF techn. Branch, HQ Rome Air Development Center, Hanscom AFB, Mass.;
6T0: Greenland Technical Organization; NTNF: Royal Norwegian Council for Scientific and
Industrial Research; UiB: Departm. of Physics, University in Bergen; AO: Auroral Observa-
tory, University in Troms8; VN: Met.Inst. for North Norway.)

Data presentation

The riometer data are presented in the form of diagrams with curves of absorption intensities versus UT
time ‘through a number of successive days for a selection of riometers. The curves have been arranged
according to geomagnetic invariant latitude with the northernmost ohservatory {Thule) at the top. DNiaarams with
absorption intensities through 4 days are based on 5-minute averages of the data samples, while diaqrams for the
entire month are based on hourly values.

The riometer data have all been "normalized" to a reference frequency fo = 30 MHz through the retation:
A(fo) = A(F) (f/fc) where A(f) is the absorption (in dB) measured at the frequency f.

Some of the diaqrams show eguivalent absorption intensities (EOA) derived from IMP 7 and R measurements of
high-energy proton fluxes. The differential flux intensities in the 4.0-12,5 MeV, 13.7-25.2 MeV, 20-40 MeV and
40-80 MeV channels shown in the reference have been converted to approximate 2z omnidirectional flux J(E>Fo)
values. Using the theoretigal expression derived by Potemra 19721, the equivalent 30 MHz daytime absorption A is
given by: A = me[J(E>E0)] 2 Using a threshold enerqy Fo = 7.0 MeV makes the coefficient m Teast sensitive to
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proton spectral exponent y. With A in dB and flux units as (cm” « sec)™! the followina conversion formula has
been adopted here:

1
A = 0.083 «[J(E>7.0 MeV] 72
The occurrence of H a solar flares is marked just above the upper frame of each diagram. The triangles are drawn
to indicate the times of start, maximum intensity and end of the flares. The importance figure and the McMath-
Hulbert plage region number is noted at each triangle. These auxiliary proton and flare data have been ohtained
from Solar-Geophysical Data 400 - Part I [1977] and 403 - Part II [1978].

Observations I. September 1977

The diagram in Figure 1 shows a summary of riometer absorption intensities through the month of September for
a set of 11 different observatories. The riometers included in the diagram all have receiving freguencies at or
close to 30 MHz, and the normalization, when required, is only a small correction of the original data. In Figure
2 the top field of the diagram shows the equivalent 30 MHz absorption (EOA) intensities derived from IMP 7 and 8

high energy proton fluxes. Below is shown riometer absorption intensities for the 5 northernmost observatories in
the set.

It is evident from the data in Figure 1 and 2, that in September there are four rather distinct periods of
enhanced absorption.

These are:

(i) September 7-15 This period beginning with the 4 flares of importance 1n on September 7, 9 and 10 in McMath
region 14943 is characterized by weak and featureless but persistent high-energy proton fluxes. During most days
of the period the IMP 7/8 equivalent absorption is 0.4-0.6 dB and so is the day-time polar absorption level. For
the observatories closer to the auroral zone the period is characterized by an enhanced intensity of auroral
substorm absorption activity during local night and morning hours. Directly related to solar flare activity, an
event of sudden cosmic noise absorption (SCNA) and superimposed solar radio noise is seen in most of the original

riometer recordings from 1630 to 1700 UT on September 9.

(i) September 16-19 Following the flare 2n/14943 on September 16 with intensity maxima at appr. 2142 and 2300

UT the high energy proton flux increases rapidly. The IMP 7/8 eauivalent absorption intensity shown in Figure 2
reaches a maximum level of 1.55 dB at about 04 UT in the morning of September 17. Later on the equivalent
absorption decays exponentially with a time constant of about 24 hours. The 1n/14942 flare on September 18 is not
seen to produce any discernible high energy porton flux. The riometer absorption diagrams in Figure 1 and 2 show
the onset of a typical polar cap absorption (PCA) event of moderate intensity in the morning of September 17. The
diagram in Figure 3 presents a more detailed plot of the absorption intensities from September 15 through 18 for

the 11 riometers in the set. Most of the riometer observatories, considered here, are in darkness at the onset and
also during the phase of maximum proton flux. At the most easterly observatory, Ny-Blesund, the absorption

reaches a maximum of 1.3 dB at 06 UT, while at the observatories in Greenland the absorption reaches maximum
intensities of about 1.0 dB at 08-12 UT on September 17.

Through the September 16-19 period the level of auroral substorm absorption activity is rather low.

(1i1) September 19-22 The flare 3b/14943 on the morning of September 19 Tasting from about 10 to 12 UT with
maximum phase at about 1040 UT is the most intense event of the month. At IMP 7 and 8 the high-energy proton

fluxes increase sharply at about 12 UT and the equivalent absorption, shown in Figure 2, reaches a max imum
intensity of 4.5 dB close to midnight on September 19.

The flare 2n/14943 at 03 to 09 UT on the morning of September 20 produces a contribution to the high-energy
proton flux seen as a hump around noon on the decaying flux. After this time the equivalent absorption decays
rather fast with an apparent time constant of about 15 hours.

In the original riometer charts a SCNA event with superimposed solar radio noise 1is seen at most
observatories from 1030 to 1115 UT during flare maximum on September 19. As seen in the absorption diagrams in
Figure 1 and 2, an intense PCA develops during the day. More detailed plots of polar absorption intensities from
September 19 through 23 are shown in Figure 4 for all 11 observatories in the present set and in Figure 5 for the
six northernmost stations. A1l observatories have Tocal night at the time of maximum high-eneray proton flux. At
the most westerly observatory, Thule, the absorption reaches a maximum (day-time) level of 5.0 dB at 21 UT near
maximum proton flux, but only 2 hours before local sunset.

Through the September 19-22 period, particularly after the SSC at 2044 UT on September 21, the auroral
absorption activity is quite intense.

(iv) September 24-29 At about 07 UT on September 24 the high-energy proton flux increases sharply. There is one
report {CuTgoora) of a precedent flare 1n/14962 at about 0215 UT in the morning. This flare, however, seems too
early and too small to be responsible for the proton event. It is possible, that the intense flux of high-eneray

protons is associated with another flare in the very active region 14943 now rotated to a longitude about 25°
behind the western 1imb.

The high-energy proton fluxes at IMP 7 and 8 converted to equivalent absorption as shown in Figure 2 reach

maximum intensity of 1.8 dB at 20 UT on September 24. The subsequent decay is rather slow having a time constant
of about 36 hours.
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The associated riometer PCA event is seen in Figure 1 and 2 and s shown more detailed in Figure 6 from
September 24 through 27 for the set of 11 riometers. In addition to the very clear daily variation seen here, the
PCA event shows the same general features as the high-energy proton flux. A quite steep increase, an extended
period of maximum phase and a slow recovery. On September 24 the maximum absorption at Thule is about 2.2 dB.

During the September 24-29 period, the substorm absorption activity at auroral zone observatories is moderate
or weak.

Observations II. November 1977

The diagram in Figure 7 shows the riometer absorption intensities for November 21 through 24 for a set of 10
different observatories. Following the solar flare of importance 2b in McMath region 15031 on November 22 lastina
from 0945 to 1105 with maximum phase at 1007 UT, an intense PCA develops. At the southernmost observatory,
Torshavn, a strong 30 MHz solar radio noise burst is seen in the recordings from 1003 to 1025. The polar cap
absorption starts abgut 1050 UT and develops gradually during the day to reach a level of 5.5 d8 at 16 UT in Sdr.
Stremfjord and Godthab., The northernmost observatories Thule and Ny-K]esund have polar nights with the Sun 7.7°
and 9.1°, respectively, below the horizon at local noon, and the absorption intensities remain at night level
throughout the event. At Danmarkshavn the Sun is 7.0° below the horizon at noon, and the absorption increase
produced by solar illumination of the radio wave absorbing region is just discernible. This implies, that the
bulk absorption takes place below about 57 km, which is quite lTow even for a PCA.

For Godhavn, Kap Tobin and Ramfjord the Sun just rises to the horizon at local noon, while the remaining
observatories have a normal (but short) day. :

During the entire period the level of auroral absorption is very low indeed.
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Figure 6. Riometer absorption intensities for September 24-27, 1977 at 11 polar and auroral observatories.
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Scandinavian and Icelandic Riometer Records
September 7-24, 1977 and November 22, 1977

by

J.K. Hargreaves and J.M. Penman
Department of Environmental Sciences
University of Lancaster
Bailrigg, Lancaster, U.K.

Introduction

Data collected from five 30-MHz-wide beam riometers in Scandinavia and three similar installations
in Iceland are presented as a written summary covering the first 12 days of the September period and
November 22nd, and photographically for the remainder of the September period when the most intense
activity was observed.

The written summary records, in general, only events with maximum absorption definitely exceeding
1 dB, although weaker events may be noted if the corresponding absorption at another station in the
same group exceeds 1 dB. Absorption estimates are accurate to about 0.2 dB, and times are given to the
nearest 10 min UT (for the beginning and end of events) or else to the nearest minute. The duration
given refers to the main part of the event and not to extended periods of weak absorption preceding or
following it. Where a particular station is not mentioned in connection with an event, the relevant
data were not available.

The photographs were taken of the charts as received; dates and times (UT) are indicated. The
scale is linear in intensity.

The riometer stations and their geographic coordinates are listed in Table 1 below.

TABLE 1. Riometer Stations

Lat. Long.
Kiruna (ki) 67.53° N 20.15° £
Skibotn (Sk) 69.25° N 20.15° E
Abisko (Ab) 68.21° N 18.50° E} Scandinavian
Andgya (An) 69.18° N 16.10° E} Group
Fauske (Fau) 67.17° N 15.25° E
Fagurhdlsmyri (Fag) 63.53° N 16.39° W
Siglufjordur (s1) 66.09° N 18.55° W, Icelandic Group
Leirvogur (Le) 64.18° N 21.70° W
Written Summary - Scandinavian Group (all times UT)
7.9.77 Ab : 2200-2330 Somewhat irregular feature containing a sharp edge at 2212. Peak
1.4 dB at 2224
An : Sharp onset at 2211 followed by an irregular feature with periodic structure.
Peak 2 dB at 2249.
8.9.77 Ab : Small sharp onset at 2055, peak 0.8 dB at 2056, followed by weak absorption.

An : Sharp onset at 2052, peak 1.4 dB at 2056, followed by variable absorption
including a sharp 1.2 dB peak at 2132.

9.9.77 No events exceeding 1 dB observed at An or Fau.
10.9.77 An : 0000-0430 structured feature, fairly sharp peak 2.4 dB at 0230.
Fau:  0000-0400 structured feature with 2 broad maxima, broad peak 1.5 dB at 0100.
An : 0550-0740 smooth feature, peak 1.2 dB at 0617.
Fau: No corresponding feature.
An :  1210-1500 practically smooth dip, preceded and followed by periods of weaker
absorption. Broad peak 2 dB at 1338, At Ab, the corresponding feature has

peak absorption 1.7 dB but accurate timing is impossible.

Fau: No corresponding feature.
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10.9.77/11.9.77 An :

Ab :

11.9.77 An :

Ab :

12.9.77 Ab :

An :

13.9.77 Ab :

Fau:
Ki s

Ab :

An :

Fau:

Ki

Fau, An, Ab, Ki :

14.9.77 Ab :

Ki :

An :

Fau:

15.9.77 Ab :

An :

Fau:

Ki :

16.9.77 Ab & Ki :

An :
Fau:

An :

Sharp edge at 2131 preceeding a period of very irregular absorption, level

about 1 dB, which lasts until about 0400 and is followed by a series of smooth
features lasting until about 1300. Sharp peak 1.4 dB at 2139, broad peak 1.8
dB at 0721.

(Accurate timing continues from 2230). From 2300 until 1300 the record shows a
series of broad features, some with a little structure but nothing so irregular
as An before 0400. Broad peak 1.7 dB at 0346.

1700-2400. Three irregular dips of which the first has sharp structure near
1800. Sharp peak 1.9 dB at 1801.

These features are weakly represented, and without the sharp structure in the
first, Sharp peak 0.9 dB at 2254.

0400-0620., Smooth feature with two maxima. Peak 1.2 dB at 0456.

0340-0630. Similar feature, broad dip with small scale structure. Peak 2.5 dB
at 0511,

0000-0330. Somewhat irregular depression of trace with structure in first
hour. Broad peak 0.9 dB at 0152.

2330-0330. As Ab. Broad peak 1.2 dB at 0151.
2330-0330. As Ab. Broad peak 0.8 dB at 0055,

0720-1340. Broad depression of trace, about 1 dB max., followed by about 212
hours' structured absorption. Sharp peak 2.2 dB at 1229.

Similar to An, but structure less pronounced. Sharp peak 1.5 dB, but accurate
timing is impossible.

0720-1340, Similar to Ab, but absorption before 1230 is weaker and more
irregular. Fairly sharp peak 1.3 dB at 1228.

0720-1340, Similar to Ab. Sharp peak 2.2 dB at 1228.

1930-2230 (approx.). Period of highly structured absorption with several
edges. Feature has a precursor of maximum absorption 1.1 dB at 1801 (Fau), 1.3
dB at about 1730 (An), 0.5 dB at 1802 (Ab) and 0.9 dB at 1800 (Ki). Maximum
absorption is 2.4 dB at 2018 and 2022 (Fau), 3.8 dB at about 2025 (An), and 2.8
dB at 2025 (Ab) and 2.6 dB at 2026 (Ki).

0140-0320. Somewhat irregular feature.O
Peak 1.2 dB at 0224.

0140-0320. As Ab. Peak 1.7 dB at 0308.| A1l features preceded and
followed by periods of weak
0200-0350. As Ab., Peak 2.3 at about absorption.

0235,

0200-0320. As Ab. Peak 1.3 dB at 0210.)

0400-1400. Series of broad dips, the largest of which is between 0940 and 1400
and has peak absorption 2.5 dB at 1047.

0340-1430. Similar to Ab, but largest dip (0930-1430) shows more structure.
Peak 2,7 dB at about 1100.

0400-0700. Dip with 2 maxima, 1.1 dB at 0429. 1000-1430. Almost smooth
feature with fairly rapid onset ( ~30 min), rounded peak and gradual decline in
absorption. Peak 5.6 dB at 1027,

0400-1000. 3 broad depressions, each having max. absorption about 1 dB.
1000-1430, similar to Fau, but rather less smooth. Peak 4.0 dB at 1023.

1620-1720. Small structured feature with 2 or 3 minature edges. Maximum
absorption about 1.2 dB at 1647.

Feature shows little structure and is weak.
Feature hardly represented.

1945-2000. Small structured disturbance, maximum absorption about 1.3 dB.
Feature is hardly represented at Ab or Ki, and there is interference at Fau.
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17.9.77 Ki

Ab :

An :

Fau:

18.9.77

0240-1700.,, Large, smooth, slowly varying feature. Max. absorption 3.2 dB at
0747.

Similar to Ki, but absorption very weak before 0640. Max. absorption 1.7 dB at
0756.

0230-1900. Similar, but initial onset more rapid. Max. absorption 2.7 dB at
about 0718,

Similar to Ab., Maximum absorption 2.4 dB at 0750.

No events exceeding 1 dB at Ki, Ab, An or Fau.

Written Summary - Icelandic Group (all times UT)

7.9.77 Le :

Si s

Fag:

8.9.77 Le

Si :

Fag:
Le :
Si
Fag:
9.9.77 Fag:

Si
10.9.77 Fag:

Si:
11.9.77 Fag:

Si

Fag:

Si
Fag:
Si:
12.9.77 Si:

Le :
Fag:
13.9.77 Le :
Si

Fag:

2100-0012. Relatively weak, irregular depression containing sharp onset at
2210, peak 3.9 dB at 2211.

Sharp onset at 2210, peak 2.4 dB at 2211 after which absorption declines rather
irregularly almost to zero by 2330.

Sharp onset at 2209, peak 1.6 dB at 2212, followed by rather irregular dip
lasting until 2330.

0205-0215. Rounded peak surrounded by weak absorption. 1.7 dB at 0212,

0200-0420. Two somewhat irregular depressions, max. absorption <1 dB, no
rounded peak.

0130-0430. Rather similar to Si.

0750-0930, Smooth depression, maximum absorption 0.7 dB at 0814.
0750-1000. As Le, maximum absorption 1.3 at 0820.

Features hardly represented.

1205-1410, Smooth feature. Maximum absorption 1.4 dB reached at 1231 followed
by gradual decline. Weak depression after 1410.

1200-1610. Two broad depressions. 1.5 dB at 1306.

0000-0500. Variable absorption with some structure. Fairly sharp peak, 1.6 dB
at 0055.

0000-0530. As Fag, but more irregular. Broad peak, 1.5 dB at 0111l.

Before midnight - 0700, Period of irregular absorption, general level 1.0 dB,
sharp peak 1.6 dB at 0258,

This disturbance hardly represented. Few minor features, non reaching 1 dB
max.

0700-0950. Feature with relatively rapid onset, followed by slow decline.
Peak 1.7 dB at 0714.

0700-0940, A.most symmetrical dip. 1.4 dB at 0810.
0950-1300, Feature wih two fairly sharp peaks. 1.9 dB at 1025.
0940-1320, Two broader maxima, 3.0 dB at 1024.

Two small peaks, 1.4 dB at 2218 and 1.3 dB at 2305 lying in period of weak
absorption.

Trace depressed slightly, but sharp peaks are not represented.

Peaks not represented.

0040-0430, Feature whose maximum is fairly sharp peak, 2.0 dB at 0148,
0100-0320. Feature with two maxima followed by a sharp peak 1.1 dB at 0152.
2210-0340. More extended feature whose limits are difficult to define. Peak

is a blunt cusp, 2.0 dB at 0146.
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13.9.77 cont.
Le : 0700-1130, Featureless depression, max. 2.1 dB at 0835.
Si : 0700-1120. As Le 1.6 dB at 0829.
Fag: 0720-1120. As Le. Max. 1.6 dB at 0755.
Le : 1130-1430, Broadly symmetrical feature. 3.3 dB at 1249,
Si e 1120-1430. As Le, but with more broad structure, 1.6 dB at 1221.
Fag: 1120-1430. As Le, but peak more pronounced 3.4 dB at 1221.

Le : 1940-2100., Feature with several sharp onsets. Max. absorption 3.3 dB at 2007.
Extended periods of more or less steady absorption surround this feature.

Si : 1940-2100. As Le, but edges have different emphasis. Main edge at 2006 pre-
ceeds peak of 4.8 dB at 2007.

Fag: At Fag, the edges are degraded and there is less structure. The absorption
assumes the form of a main feature between 1940 and 2100 surrounded by 'wings'
extending back to 1730 and forward to 2230.
14.9.77 Le : 0010-0700. Trace depressed with broad sructure. Max. 1.7 dB at 0238.
Si : 0030-0700. As Le, but absorption weaker. Max. 1 dB at 0436.
Fag: 2350-0600. As Le. Max. 1.4 dB at 0255.

15.9.77 Le : 0920-1220, Broad dip, max. 5.1 dB at 1035, surrounded by 'wings' extending
back to about midnight and forward to at least 1900.

Si : As Le. Main feature between 0920 and 1400, max. 4.6 dB at 1101, wings go back
to 0430 and forward to about 1900.

Fag: Main feature between 0950 and 1040 is shorter. Max. 3.1 dB at 1013. Wings
extend back to 0130 (and include a broad feature of ~1 dB max. between 0320 and
0630) and forward to about 1900.

16.9.77 Le : 1700-1900. 1Irregular, though symmetrical, dip followed by a sharp peak 1.9 dB
at 1754,
Si 1630-1900. As Le, but earlier and without sharp peak following. Center of dip

about 1715 1.1 dB at 1656 and 1735.
Fag: Roughly comparable feature between 1840 and 2030, 0.7 dB at 2030.

17.9.77 le : 0630-0810. Rounded feature, max. 3.7 dB at 0706, surrounded by weak absorption
extending backward to 0230 and forward to 2300.

Si 0600-0810. As Le. Max. 3.0 dB at 0728. Weak absorption extends backward to
0500 and forward to 2000.

Fg : 0600-0830. As Le. Max. 2.3 dB at 0720. Weak absorption back to midnight and
forward to 2400 at least.

18.9.77 Le : 0400-0500. Symmetrical dip. Max. 1.2 dB at 0427,
Si : 0400-0500. As Le. Max. 0.5 dB at 0430, weak absorption follows.
Fg : Blunt cusp peaking at 0430 (1.1 dB). Absorption merges with previous feature

and extends forward to 0630.

Scandinavian Group - Activity on November 22nd (all times UT)

Kis: 1055-1410 Smooth symmetrical depression reaching 1.1 dB at 1220 and followed by a long,
weak tail declining gradually from 0.3 dB to zero about 1830. No other
activity.

Sk: 1055-1410 As Ki, 1.7 dB at 1222. After 1410, absorption declines from 0.7 dB to zero by

about 2000.
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Scandinavian Group cont.

Ab: 1055-1420 As Ki, 1.4 dB at 1220. After 1420, absorption declines
about 2000.

An: 1100-1420 As Ki, 1.6 dB at 1253. Absorption declines from 0.6 dB
zero, but record is incomplets.

Fau: 1100-1420 As Ki, 1.0 dB at 1257. Tail confused by interference.

Icelandic Group - Activity on November 22nd (all times UT)

Fag: 1100-1800 Smooth, somewhat symmetrical feature, 1.7 dB at 1539.
Si: No data.

Le: 1100-1740 Smooth, slightly symmetrical feature, 3.2 dBR at 1453,
Acknowledgements
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Variations of Cosmic Radio Noise Absorption at
Cape Schmidt in September and November 1977

by

A.I. Gusev
Cosmophysical Observatory of the North-West Complex
Research Institute, Cape Schmidt, Magadan Region, USSR

This paper presents 10-min values of cosmic radio noise absorption recorded at Cape Schmidt by
32-MHz (antenna toward zenith) and 40-MHz (antenna toward north geographic pole) riometers (Figure 1).
Data are plotted against Universal Time. The arrows show the time of sunrise and sunset at ground
level and at the height of 100 km.
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Fig. 1. Cape Schmidt 10-min values of cosmic radio noise absorption at 32 MHz (solid line) and 40 MHz
(dashed Tine) for the period September 19-25 and November 21-23, 1977.

Absorption reaches its maximum during daytime hours on September 19 and 22, 1977. Evaluation of
proton flux intensity for these days by the riometric coeffici%nts introduced in Krymskii et al. [1977
yields for the_energies greater than 15 Mev, Ijg (>15) ~9 = 10 em~2 s-1 ster-1, and Ip2 (>15) ~4 - 10
en-2 s-1 ster-l, Analysis of the riometer records for September 21, 1977 reveals radio noise
in the intervals 1915 to 1940 UT and 2345 to 2355 UT at 40 MHz and in the intervals 2100 to 2150 UT
and 2230 to 2240 UT at 32 MHz. Besides, on September 22, 1977 quasi-periodic variations of absorption
are observed in the intervals 0000 to 0400 UT and 1400 to 1930 UT; on September 23, 1977 these inter-
vals are 0000 to 0100 UT and 2000 to 2100 UT. The wide time intervals may evidence the different phy-
sical mechanisms responsible for the variations.
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The diagrams show that the November 22, 1977 event does not result in a noticeable increase of
cosmic noise absorption, which may be connected with the Tow intensity of proton flux.

REFERENCES
KRYMSKII, G.F. 1977 On the Relation of Riometric Absorption with the
A.I. GUSEV and Flux of Precipitating Particles and Atmospheric
YU.A. ROMASCHENKO Parameters, Relation of Physical Processes in the

Larth's Ionosphere and Magnetosphere with the
Parameters of Solar Wind, Yakutsk, 3-26.
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Absorption of Cosmic Radio Emission in Low Ionosphere
from Tixie Bay Data for September 19-26, 1977

by

A.M. Novikov and V.I. Ipatiev
Institute of Cosmophysical Research and Aeronomy, Yakutsk Branch
Siberian Department of the USSR Academy of Sciences, Yakutsk, USSR

In the second half of March 1977 a series of solar flares was observed in the course of which
energetic protons were generated. The greatest solar flare of importance 3B was on September 19 at
0955-1125 UT. The flare coordinates were NO5W57. Solar protons were registered over Tixie Bay
(71.6°N, 128.9°E) ten hours after the flare began.
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Fig. 1. Temporal variations of the cosmic radio emission absorption and of
meson component intensity of cosmic rays on the Tixie Bay fonization
chamber measurements from September 19-26, 1977. Arrows show

beginning of the solar flares, triangles show beginning of geo-
magnetic substorms.

Figure 1 gives the temporal variations of the cosmic radio emission absorption level on the fre-
quency 32 MHz following the September 19 flare. The flare was followed by a Forbush decrease of galac-
tic cosmic ray flux. The Forbush decrease was registered by the meson jonization chamber Tocated on
the ground. This chamber did not register the flashes. This fact testifies that the solar protons of
particles with energies 107 eV and more were not in the spectrum.

The temporal variations of the cosmic radic emission absorption on the frequency 32 MHz,
reg1stered from September 20-26, are characterized by two groups of intensive increases. The first
group of increases with maximum amplitude 6.0 dB was probably caused by invasion of solar protons into
the Tow jonosphere from the flare on September 19 and was observed at the end of September 19, 20 and
21. The second group of increases with maximum amplitude 6.5 dB was observed at the end of November

21, 23, 24 and 25. This group of the increases was probably caused by the solar flare of importance
1B on September 20 at 0605-0650 UT. The flare coordinates were NOSW60.
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During September 20-25 we analyzed the frequency dependence which connects the magnitude of the
cosmic radio emmission absorption in the ionosphere with radiowave frequency according to V. M. Driatsky
[19747 as follows: A32 { f32 \ n

Ao \ fao/

the frequencies 32 and 40 MHz, n is the coefficient of the frequency dependence.

where A3zp and Agg are absorption in decibels on

Calculations allowed one to establish the average coefficient 1 , for a number of days during
September 20-25. The results are presented in Figure 2 where the decrease of § with time is seen.
This testifies that the absorbing layer is decreasing with time and, consequently, the spectrum is har-
dening with time. The temporal variations of the proton flux on September 20 and 21 differ from the
proton variations on September 22-25.

The main absorption increase at the beginning of September 20 was observed at the time of the main
phase of magnetic substorm, the amplitude of which was 1000 v in the H-component at Tixie Bay. On
the afterncon of September 20 a sharp absorption decrease was observed. Probably, one can consider
this decrease as the standard one due to a change of the effective rigidity of the geomagnetic cutoff
for particles which reach the polar cap edges in dependence upon the local time.

TABLE 1. September 20, 1977

Time UT _QQQ n F
40
05 2.29 3.71 89.13
06 2.72 4.48 154.90
07 1.66 2.27 234.40
08 2.29 3.71 223.90
09 1.71 2.40 229.10
10 1.59 2.07 120.20
11 1.45 1.66 37.15
12 2.15 3.43 89.51
13 1.55 1.96 20.42
14 1.49 1.78 24.55

The absorption of the cosmic radio emission on September 20 from 0500 to 1100 UT was followed by
considerable variation of the frequency dependence coefficient which indicates the distribution of
solar protons in the spectrum in the process of their invasion into the ionosphere (see Table 1).
Estimation of magnitude of the proton flux F was made on the basis of the expression F=20 Al.7 wh?re
A is the radio emission absorption on the frequency 32 MHz and is given as protons/cm=2 s~! ster™t,

REFERENCE
DRIATSKY, V.M. 1974 "Priroda Anomalnogo Pogloscheniya Kosmicheskogo

Radioizlucheniya v Nizhnei Ionosfere Vysokikh
Shirot," Gidrometeoizdat, Leningrad, 145, 173.
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Introduction

Observations of Disturbances at Kola Peninsula Stations

by

B.E. Brunelli, G.A. Loginov, G.A. Petrova, and N.V. Shulgina
L.T. Afanasieva, G.F. Totunova, N.F. Fedorova
Polar Geophysical Institute
Academy of Sciences of the USSR
Apatity, Murmansk Region, USSR

Some results of ground based observations carried out at stations of the Polar Geophysical
Institute are presented here. Figure 1 shows H-component records at Loparskaya (L = 5.2) and intervals
with registration of pulsations (Lovosero, L = 5.1). Variations of ionospheric absorption (Loparskaya)

are given in Figure 2. Figure 3 gives f plots (Murmansk, L = 5.4) and Figure 4 the intensity of
auroral emissions (Loparskaya).
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Fig. 4. The intensity of various auroral emissions (log IkRr).

As one can see from these data, some geophysical phenomena which appeared during the interval of
September 7-24 are connected with proton precipitations. Characteristics of these phenomena are a
smooth increase of absorption during daytime; from sunrise to sunset a relatively constant value or
some decrease near noon; the existence of Pc-2, IPDP or IPIP pulsations; and the presence of hydrogen
emission in aurora.

The first few days were weakly disturbed, but during daytime of September 9, 10, and 11 increased
absorption, pulsations IPDP, Pi-2 + PiB during geomagnetic bays, and increasing of ionization in the F
region which breaks the smooth variations of foF2 were observed. The changes of absorption were not as
smooth as during common hydrogen events. Variations of absorption, perhaps connected with moderate
hydrogen precipitation, were also observed on September 13 and 15, The short-time intensifications of
absorption were superposed on the smooth daytime increases of the previous days. During the second
half of September 13 the moderate magnetic storm began. The sequence of geophysical phenomena which
arose on September 13 and 14 were typical for electron precipitation.

The day of September 16 was relatively quiet; only small increases of absorption were registered.
At evening a substorm with typical pulsations and a dense sporadic layer appeared. A weak aurora with
intensity about 2-3 kR in 5577 A and 0,1 - 0.15 kT in Ha-emission was observed northward from
Loparskaya. The energy of the electron flux, according to our spectral observations, was about 1
erg/cmzs. The substorm was followed by the increase of morning type absorption and, after sunrise, a
new increase perhaps connected with the developing PCA-event. The variations of absorption as before
are more complicated than usual for PCA. During the night of September 17-18 only a weak aurora
(1557721 kR) was observed. During the following night, after a relatively quiet day, a weak aurora
with slight Ho-emission was observed northward from Loparskaya.
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On September 19 a moderate magnetic storm appeared.

intense IPIP pulsations.
observed.

undergoes multiple changes simultaneously with the bursts of PiB pulsations.

During the whole day of September 20 the high level of absorption occurred.

Its beginning coincided with unusually
At the dark time the bright aurora (Igg77~30 + 50 kR, Iy~3.5 kR) was
The shape of Ho corresponds to 10-30 keV particle energy.

The intensity of He-emission

Its daytime increase

is similar to that of a PCA-event, but the existence of PiB pulsations, especially intense between 1300
and 1700 UT, as well as short-time increases of absorption indicate the presence of precipitating

During the night the electron aurora was observed, the inten-
sity of He-emission was weak, not more than 0.7 kR.

electrons superimposed on the PCA-event.

A magnetic storm was in progress during September 21.

two positive bays were recorded.

the latitude-time distribution of H-component (Fig. 5).

During the late morning hours and at noon

The data of the chain of magnetic stations allowed us to construct

reductions of‘the disturbed region (ionospheric current sheet) near 1010 UT.

It 1is interesting to mark two sharp width
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Fig. 5. The variation of latitude distribution of AH.

The two following days were highly disturbed, with decreasing foF2 values.
intense PCA-event was recorded; the geomagnetic field was perfectly quiet.

fmin was registered by ionosonde also on September 25 and 26.

On November 22 activity was weak, without any exceptional geophysical phenomena.
mark the existence of long Pc-1 pulsations with unusually large amplitudes, up to 1 nT.
also the disturbances in the smooth variation of foF2 and some increase of absorption.

On September 24 the
The smooth increase of
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Some Significant Ionospheric Disturbance Events During September 1977

by

Harald Derblom
Uppsala Ionosvheric Observatory
S5-755 90 Uppsala, Sweden

Introduction

Data collected at Uppsala Ionospheric Observatory (geographic coordinates N59.8 E17.6; geomagnetic
coordinates N58.5 E105.9; L = 3.3) have been examined in search of significant events during the solar
rotations No. 1968-1971 (Aug. 29 - Dec. 14). Only five events were found to be so distinct that they
were easy to identify by a visual scan of the records. The times of these events are marked in Figure
1 by the letters A, B, C, D, and E. Four of them occurred in a concentrated period of 3 days, Sept.
19-22.

X Lovo 1977
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Fig. 1. Variation of the daily IK index at Lovd
during September-December 1977. Signi-
ficant absorption events are denoted A-E.

The impression is that the magnetospheric-ionospheric activity is generally higher during September
(solar rotation No. 1968) than during the 3 subseguent months. This can be seen in the IK distribution
presented in Figure 1 ard by comparing the monthly sum of the K indices given in Table 1, from Lovd
Observatory, which is situated about 70 km east of Uppsala.

Table 1. Variation of LK with month at Lovd

Month ZK
September 546
October 483
November 394
December 364
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It is also apparent in Figure 1 that the activity maximum between Sept. 19-24, which is vrobably
associated with McMath plage region 14943, recurs during the three following solar rotations. Since
almost all of the activity obviously occurs during September, this period and the associated events A
to D have been selected for a closer study.

September Ionospheric Observations

In Figure 2, ground observations of solar activity, some ionospvheric varameters and geomagnetic
indices are assembled for comparison. The solar data are from NOAA [56D 1978a and b], the ionosonde
data are from Uppsala, and the geomagnetic indices are from Lovo. The Lovd magnetic indices are also
considered to be representative for Uopsala.

SEPTEMBER 1977

SOLAR FLARES=> SID

] o
@@ o o D) cool@ ®o0 0 o
o o

X | | ] | X ] ' ] | i | | ] | | 1 ] I | | | px | | ] I

SOLAR FLUX 2800 MH;
120

100

80 l ] | | | | l | | 1 i | | | 1 ] ] | | | | ] | 1 | I | 1 I

Fig. 2. Assembled solar and ionospheric data for September 1977.

In the upper part of Figure 2 the open and filled circles represent solar flares of different
importances and X's denote X-ray events associated with difierent McMath regions. Region 14943 lies
within the pair of horizontal lines. Only events leading to reported SIDs are indicated. An open
circle denotes a flare of immortance 1, a small dot indicates a flare of importance 2, and a large dot
a flare of importance 3. It is obvious that the activity in McMath vplage region 14943 is insufficient
to explain the great number of disturbances seen in the ionosonde data. Furthermore, no very good
correlation exists between the solar flux at 2800 MHz and the activity in the McMath region. Indeed,
the solar flux increases in connection with the great flare of September 19 and subsequent activity,
but a similarly large flux is found earlier in the month, centered around September 7, without any
apparent connection to the MclMath oplage. However, when we compare the solar flux with the ionosonde
data, we find some evidence for a vositive correlation: the oarameter foF2 is high when the solar flux
is high and is low when the solar flux is low. For instance, the foF2 seems to follow the solar flux
during the first broad maximum between Sept. 3 and 12, and there is a.maximum in solar act1v1ty on Sept.
12 as well as a peak in foF2. Also during the period Sept 19~ 26, it .can be seen that foF2 is high
when the solar flux is high and low when the solar flux is low. There are, of course, many exceptions
too.
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Some other interesting features are found in the ionosonde data shown in Figure 2. An increase in
absorption, indicated by fmin, is observed to start Sept. 3 and remains at a high level almost to the
end of the month. Comparably low values of fmin, as in the beginning of the month, are reached again
only after Sept. 25, when the large disturbance that started Sept. 19 had ceased. An unusual fmin
behavior is seen between Sept. 13 and 23. During this period there is no daily variation in the fmin,
the absorption being high both day and night. Probably this enhancement of fmin is an indication of
PCA, which does not show up in the magnetic act1v1ty represented by the K indices in the lowest panel
of Figure 2. In fact, it has been reported in the IMS newsletter [1977a] that McMath region 14952
crossed the solar disk between Sept. 8 and 21 and caused enhanced solar proton fluxes on Sept. 9, 13,
16, 19-21, and 24. The largest flux was observed Sept. 19 at 2130 UT, when PCA was reported to reach

4.5 dB. 1In our data there is no marked enhancement of absorption at that time, which is presumably an
indication that the PCA did not reach as far south as Uppsala. The usual daily variation is seen again
after Sept. 22.

The noon fmin during the normal period is about 1 MHz, and it increases to 1.4 MHz during the high
absorption period after Sept. 13. Assuming that the absorption is proportional to l/f , we estimate
that the absorption is enhanced by a factor of two during this period.

The F2 data exhibit some characteristic features. One is found in the day-to-day variation of
foF2. When a disturbance occurs there is a sudden drop in the foF2 and then a gradual increase for
some days until a new, sudden decrease appears. Thus, the averaged daily values form a saw-tooth curve
that is clearly seen, for instance, between Sept. 3-5, 14-16, 17-19, 23-26, and 27-30, and also on a
smaller scale during other days. It seems that the F2 layer is in a continuous state of recovery but
really never reaches a steady state.

Moreover, whenever the foF2 value decreases, the h'F2 increases. There is a direct and close
correlation between these parameters. In Figure 2, averaged daily values of the virtual height (h'F2)
are plotted with a reverse height scale just to enhance visually the close correlation. It is seen
that the virtual height and foF2 follow each other in an amazing way and that the virtual height is a
very sensitive indicator of disturbed conditions. To verify further the correlation between the
F-layer plasma frequency ard virtual height, the averaged daily foF2 and corresponding h'F2 values for
the month of September are depicted in Figure 3. The correlation is obvious and scattering of the
individual points is small.

5001
L UPPSALA
L SEPT.1977
pe L]
400+ .
= e v
300 ot
: ey
! !
200, 5 6 7
EO—H(MHz)

Fig. 3. Plot of the daily average virtual height
versus the daily average plasma frequency
for the F2 layer.
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Of course, it is of interest to interpret what is causing the observed decrease of foF2 and
increase of h'F2. An inspection of the parameters characterizing the ionosphere beneath the F layer
shows that the increase in h'F is not caused t{o any significant extent by an increased time delay
of the vrobing radio pulse in the D and E layers. Por instance, only a few kilometers increase is
found in the h'Fl when the h'F2 increases by 100 km. The correct interpretation seems to be that
during a disturbance a real charge in the plasma density profile takes vplace that leads to the observed
effects. It is not clear if the driving force behind the redistribution of ions is a change in the ion
chemistry or in the transport mechanism or a combination of both. 1In any case, it seems that whatever
the mechanism, it is able to act fast, since we have noticed that a substantial increase in h'F2 (up to
1000 km) and correspording decrease in foF2 may take place in 10-15 min.

The Selected Events A-D

Portions of the riometer and magnetometer records for the significant events selected are shown in
Figure 4. The riometer overates on 27.6 MHz.
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Fig. 4. Selected riometer absorption events observed at Uppsala and corresponding records of
geomagnetic H intensity.
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Day event of Sept. 19. According to data published in SGD [1978¢c], a 3b ootical solar flare with
an X2 X-ray maximum began at 1028 UT, maximized at 1045 UT, and erded at 1324 UT. TIn comnection with
that flare, indicated in Figure 2 to be in McMath region 14943, a riometer absorption event was
recorded at Uppsala that began around 1025 UT, had a maximum absorption of 1.8 dB at 1054 UT, and ended
around 1230 UI. No pronounced effect is seen simultaneously in the magnetic activity. It seems
obvious that the absorption is caused by enhanced ionization low in the D region produced by solar X-
rays. The ionospheric currents are not affected markedly. A blackout occurred in the ionosonde records
at 1100 UT and a strongly enhanced fmin occurred between 1200 and 1300 UT. There exist reports of a
large, highly energetic proton flux that starts during the flare and reaches its maximum by 2130 UT.

No evidence for this is found in our data.

Day events of Sept. 21. This event is denoted by letter B in Figures 1 and 2. A blackout is seen
on the ionosonde records at 1100 and 1200 UT followed by high fmin during the 4 following hours.
Looking at the riometer record in Figure 4, one sees that a major riometer absorption begins at 1020
UT, shows a maximum absorption of 6.1 d3 at 1043 UT, and ends around 1245 UT. The geomagnetic field is
slightly disturbed that day but no trace of correlation with the absorption event is seen. We have no
explanation for this event. It looks like a flare effect but, to our knowledge, no appropriate flare
was reported. The events on Sept. 21 are of considerable interest, because on this day the solar and
geomagnetic activity seems to be the highest since the GEOS satellite was launched. GEOS experimenters
have reported in the IMS newsletters [1977b, 1978] that the vehicle was located on the dayside
magnetosphere and observed at 1015 UT the magnetopause moving past its position toward Earth. Around
1100 UT, GEOS observed large variations in the magnetic field-—ones in which the field almost went to
zero. The inward push of the magnetosphere occurs some 5 min. before the onset of the absorption event
seen at Uppsala. The violent variations in magnetic field seen by GEOS occur in the recovery phase of
the absorption bay. WNo corresponding variations in the magnetic field are seen on the magnetometer
records at Uppsala.

Night event of Sept. 21. Event C differs from the two preceding disturbances, since there is
strong geomagnetic activity related to the absorption peak. The absorption starts around 2230 UT, has
a very sharp maximum of 1.5 dB at 2326 UT, and ends around 0030 UT on Sept. 22. The pronounced
negative bay in the magnetic H intensity corresponds exactly with the riometer absorption. We suggest
that this event is due to precipitation of energetic electrons. This view is supported by ATS-6
observations of electron injection in the energy range of 20 keV around 2200 UT.

Evening event of Sept. 22. Event D is very sharp and has a remarkably short duration. The
absorption begins at 1812 UT, has its maximum of 1.6 dB at 1815 UT, and erds around 1835 UT. It is
accompanied by a simultaneous negative geomagnetic bay of the order of 200 nT. The ionosonde shows a
blackout at 1700 UT but nothing unusual in the hourly records before and later. Examining the riometer
record more carefully, we see that there is a broad absorption with maximum absorption of about 0.5 dB
centered around 1700 UT but no related deviation in the H intensity. Tentatively, it is suggested that
the absorption around 1700 UT is due to solar X-ray activity. A spike-type absorption event at 1815 UT
may be caused by particles of very high energies having a limited effect on the E region and, hence,
the geomagnetic activity, but a large effect on the absorbing D region.

Summary

Evidently the ionosphere is more disturbed during September 1977 than during the subsequent months
of October, November, and December. An increase in absorption in the HF range by a factor of two is

observed to begin September 3, lasting to September 26. Between September 13 and 26, the high daytime
absorption also remains during the night,

The foF2 values show a sudden drop when a disturbance starts, followed by a gradual recovery over

several days. This pattern is repeated several times. It seems that the F2 layer is in a continuous.
state of recovery but never reaches equilibrium.

The plasma frequency and virtual height of the F2 layer are closely coupled. Whenever foF2

decreases, the h'F2 increases. This is likely due to a major redistribution of plasma during an
ionospheric storm.

Four significant absorption events are analyzed separately. The first day event, September 19,
can be linked to a known flare. The second day event, September 21, has a similar pattern but no
appropriate flare is reported. The third and fourth events, Sept. 21 anmd 22, resvectively, seem to be
caused by high energetic particle precipitation.
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Ionospheric Behavior at Sanae, Antarctica, Grahamstown,
South Africa, and Intermediate Points

by

J.A. Gledhill, R. Haggard and J.P.S. Rash
Department of Physics, Rhodes University
Grahamstown, South Africa

Introduction

This paper reports briefly on some unusual ionospheric events that were observed on September 19
and 24 and November 22, 1977, at Sanae (70°18'S, 02°21'W), at Grahamstown (33°17'S, 22°31'E), and on
oblique ionograms taken between these two places.

September 19, 1977

SANAE: The hourly f plot (Fig. 1) shows high absorption near local noon (fmin rises to 4.7 MHz at 1100
UT), and from 1600 UT to midnight. The maximum value reached by fmin was 5.8 MHz at 1900 UT. The
following day, September 20, showed blackout conditions until 2200 UT. The F layer also showed a very
unusual enhancement coinciding with the latter absorption event, foF2 reaching a value of 9.25 MHz at
1700 UT. It is normally about 5 MHz at this time in September; the values for the preceding two days
(September 17 and 18) were 5.5 and 5.4 MHz, respectively.

The high values of fbEs from 2000 UT onward are almost certainly due to particle precipitation,
with a- and r- type Es being recorded.
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Fig. 1. f plot for Sanae, Antarctica September 19, 1977.
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GRAHAMSTOWN: There is a blackout at 1300 LT (1100 UT) (Fig. 2) followed by a high value of fmin 4.0
Mz at 1200 UT. The behavior of the F region is normal until 1500 UT, when an enhancement, similar to
that at Sanae, but smaller, occurs, lasting until 2100 UT. The maximum value of foF2, 6.9 MHz at 1700
UT, coincides exactly in time with that at Sanae.
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Fig. 2. f plot for Grahamstown, South Africa, September 19, 1977,

OBLIQUE INCIDENCE: Fig. 3 shows a plot of hourly values of the maximum observed frequency (MOF) propa-
gated by each mode over the Sanae - Grahamstown path, a distance of 4470 km; one hop via the F layer is
designated 1F, two hops 2F, etc. The 2F and 3F MOF's show considerable enhancement during the same
period (approximately 1500 - 2000 UT); their values normally decrease rapidly during the afternocon
hours. The 2F MOF value at 1800 UT is 21.5 MHz, compared with values of 9.2 MHz and 10.8 MHz,
respectively, on the preceding 2 days.
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OBLIQUE 19 SEPT 197

EH o MOF of individual |
26 ; i trace e

! LOF on ionogram

24!
20f
20
181+ '
16}
14__:]' it
12 1)
0L

MHz

1

H

oy
anal |

o ensasnes)

N B~ O @

] -».4.&.;.....

uT

Fig. 3. Oblique f plot for Sanae - Grahamstown path (4470 km) September 19, 1977.

Our experience has shown that the ionosphere at the first reflection point of the 2F-mode
transmission is generally the controlling factor in determining the behavior of the 2F MOF; this first
reflection point is at about 62°S, 11°E. The presence of the enhancement between 1500 and 1900 UT is
evidence of an enhancement of foF2 in this region, Similarly, the increase in the 3F MOF at the same
times is evidence of an enhancement of foF2 at the first reflection point of the 3F mode, at about
64°S, 7°E. The maxima of both the MOF's coincide in time with those observed at Sanae and Grahamstown
at 1700 UT. The lowest observed frequency (LOF) on the oblique ionogram also shows a maximum at this
time, indicating increased absorption.

September 24, 1977

SANAE: The f plot (Fig. 4) shows a blackout between 0300 and 1200 UT. When ionization in the F region
does become visible, it is considerably less intense that normal at midday. The high values of fmin
(between 4 and 5 MHz) should also be noted.
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SANAE 24 SEPT 1977
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Fig. 4. f plot for Sanae September 24, 1977.

GRAHAMSTOWN: Conditions here were much more normal (Fig. 5) except for the increase of fmin, peaking
at 3 Mhz at 1100 UT. The median value for fmin for surrounding days is about 2 MHz. The 1200 UT (1400
LT) value of foF2 is appreciably depressed.
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GRAHAMSTOWN 24 SEPT 1977
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Fig. 5. f plot for Grahamstown September 24, 1977.

OBLIQUE INCIDENCE: The oblique f plot (Fig. 6) shows high absorption (high LOF) for most of the day.
The 2F and 3F MOF's appear to be normal around the middle of the day. From 2200 UT, however, the LOF
drops considerably, down to 2 MHz (the Tower limit of the oblique frequency sweep) at 2400 UT.
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OBLIQUE 24 SEPT 1977
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Fig. 6. Oblique f plot for Sanae-Grahamstown path September 24, 1977.

November 22, 1977

SANAE: The behavior of foF2 (Fig. 7) is almost a classic example of UT control, with an early morning
maximum at 0600 UT and a corresponding minimum at 1800 UT, usually attributed to wind effects.
Absorption, as shown by fmin, is unusually high, especially at 1100 UT.
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Fig. 7. f plot for Sanae November 22, 1977.

I8 20 22 24

GRAHAMSTOWN: Here too (Fig. 8) the behavior is fairly normal for this time of year except for the sud-
en increase of absorption at 1100 UT, coinciding with that at Sanae.
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GRAHAMSTOWN 22 NOV 1977
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Fig. 8. f-plot for Grahamstown November 22, 1977.

OBLIQUE INCIDENCE: Unfortunately, the transmitter and receiver were out of synchronization during this
period so no oblique records are available.

DISCUSSION

Clearly the event of September 19 was quite different from those of September 24 and November 22
in its ionospheric effects. It appears that, during the former, ionization in the F2 region was
greatly enhanced, with the vertical and oblique records all showing a peak at 1645 UT. The onset of
the enhancement appears to have been at approximately 1415 UT at Sanae, 1435 UT on the 2F mode, 1450 UT
on the 3F mode, and 1530 UT at Grahamstown (these are the times of the quarter-hourly records showing
the first significant increase in foF2 (or MOF). These quarter-hourly values are not shown on the
f plots (Figs. 1-3)). A1l the records also showed an initial peak in foF2 (or MOF); at Sanae this
occurred at 1515 UT; on both the 2F and 3F oblique modes at 1535 UT; and at Grahamstown at 1545 UT.

This would appear to indicate rapid propagation of the ionization enhancement over the Sanae -
Grahamstown path.

We intend studying this event in more detail, in particular by the determination of electron den-
sity profiles, from both the vertical and oblique ionograms, at various times during the event.

The events of September 24 and November 22 appear to be more regular ionospheric absorption
events, with high fmin accompanied by a depletion in F-region ionization at Sanae.

Quarter-hourly vertical-incidence data for Sanae and Grahamstown and oblique incidence data for
the period September 7-24 are available, as well as vertical incidence data for November 22; monthly

median data are in preparation. We thank Mr. G.P. Evans and Mrs. C. Opland for assistance in scaling
the vertical ionograms.
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September 1977 Events Observed at Buenos Aires Sounding Station

by

A.E. Giraldez and M.I. Lama
LIARA, Buenos Aires, Argentina

Introduction

Data from the pericd September 5-27 by 15-minute vertical sounding routine show perturbations at
all ionospheric layers (D, E and F layers), due to solar and geomagnetic activity, as expected for a
midlatitude station. Several cases of sudden fmin ‘increase which were not correlated with available
solar event data are reported.

Sporadic-E phenomena have been observed every day, and some peculiar Es events are reported.

The F layer shows a typical stormtime pattern, highly asymmetric in time and variable in
frequency. The effects produced by the SC magnetic storm on Sept. 21 are clearly distinguished at
F-layer height by the abnormal ionization maxima and spread-F echoes.

Detailed observations and comments are being made in separate paragraphs for each region.

D Region
The only parameter obtainable from ionograms which is related to D-region ionization is fmin. A

close correlation between fmin and 2.8-GHz solar events [SGD 1977a] is observed for most cases of sud-
den fmin enhancements, as shown in Figure 1.
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Fig. 1. Points and horizontal bars indicate simultaneous peaks of
2.8-GHz Solar Burst, and fmin values observed on ionograms.
Oblique Tine is linear correlation curve. Tyay = Tocal time
of maxima; r = correlation coefficient.

Also there are cases of sharp fmin increase not correlated with available 2.8-GHz flare data.
These cases might correspond to 0-8K flare events not observed at longer wavelengths [Deshpande et al.,

1972; Donnelly, 19761. Table 1 contains information on those cases not correlated with 10.7-cm wave-
Tength events.
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TABLE 1.

DAY Hour of Occurrence Percent Increase in fmin
(ut) Value from Background
6 1630-1645 20 %

7 1500 30
8 1645 15
11 1500-1545 33
22 1530-1630 30
23 1500-1600 30
24 1315-1400 20
1445 20
1515-1530 30
1700 30
26 1430 40
1530 30
1615-1700 40

One of the selected Solar Noise Bursts from SGD [1977a] occurred during daytime at this station.
The simultaneous fmin evolution is shown in Figure 2 for comparison.

sept, 9,1977
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Fig. 2. Comparison between selected 2.8-GHz Solar Noise Burst from A.R.O.

E Region

Ottawa (Canada) full Tine, and fmin values observed, dotted line.

The E Layer seems not to be seriously disturbed during this period, showing a quite regular
pattern. Even so, departures from predicted values [Davies, 1965] of several kHz in foE are shown in

Figure 3.
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Fig. 3. Crosses indicate daily mean values of foE, foEgpg,-TOE pedic. Points
indicate daily ¢p,8 gHz values. The horizontal discontinuous line is
the mean foE value for the period (foE=0.167 MHz).

The observed evolution is not directly correlated with simultaneous magnetic perturbations or
radiation flux density. A small correlation between AfoE = fOE ghsepved -foEpredicted and 10.7-cm
flux [SGD, 1977b] is obtained by comparing AfoE with A¢l10.7, where:

4

Bbro.oN) = d1o.,(n) - e(n-1)/4
n = day number i=1

as shown in Fig. 3. This correlation indicates that the modification of E-layer electron density
depends on the time history of the solar radiation flux rather than on the simultaneous flux level.

Sporadic-E Phenomena

This period is demonstrated to be a rather active one, as shown in Fig. 4. Es layers were present
all days, with a relatively high population of Es events.
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Fig. 4. Percent of time of day with observed Es layers of blanketing
type, with blanketing frequency fbEs 2 MHz. Percent of time
is taken based on 15-minute ionograms.
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Outstanding Es events, with blanketing frequency at least 50% higher than that of normal E-layer
frequency were observed. Those events persisted between 45 and 120 minutes before recovering their
pre-event value without interruption of recorded echo.

The time elapsed between the maximum fbEs value reached and the recovery of the normal (pre-event)
£bEs value varies between 30 and 60 minutes depending on the local time as shown in Figure 5 for each
of the events shown. Virtual height (h'Es) ranges between 100 and 110 km for all of them.

T v L) 1

' 23 sept (13°—= 14 hs)

----- 19 - (1B —= 15%%hs)
meme= 21 ¢ (12 —= 13 hs) -
e -21 - (187%— 16% ns)
—— 8 v (¥ —>19 ns) .
=18 - (7% —= 19" hs)

\.\‘. -~ \ q
e ~.. h ~—~—— .
) \"‘\1 1 M |
60 75 90 105
MINUTES

Fig. 5. Time development of outstanding Es blanketing events from the maximum frequency
reached, down to the pre-event value. h'Es remains constant during all the
events {between 100-110 km altitude).

F Region

F-region ionization shows a strong variability during the entire period, as expected for a mag-
netically disturbed period [Rishbeth, 1975]. Figure 6 shows a plot of the foF2 frequency for the
period.
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Fig. 6. Plot of foF2 values during the period under study. Dotted lines indicate
missing data. Discontinuous lines are used to indicate abnormal frequency
depression.

The last days of the period, which show an increase in foF2 maximum value are quite disturbed by
the magnetic storm on September 21.

Nighttime ionization is also very irregular especially between Sept. 6-9 and Sept. 20-27 as
observed.

A clear F-region perturbation is observed in Figure 7, where the effects produced by the SC magne-
tic storm on Sept. 21 are plotted.

Figure 7 also includes the SC on Sept. 19, which does not produce any effect as compared with the
above mentioned magnetic storm on Sept. 21.
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lonospheric Behaviour at Mid-Latitudes during
the Solar Events of September and November 1977
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M. Bossolasco, A. Caneva, A. Elena

Istituio Geofisico e Geodetico Universita di Genova, Genova

Introduction

Absorption and phase — height measurements on 15 paths at long, medium and
short waves were made by the A3 — Method in the ionospheric observatories
Sofia (42.6° N, 23.3° E) and Roburent (44.3° N, 7.9° E) during the period Sep-
tember 5-25 and November 22, 1977, as shown in Table 1. Simullaneously were
realized vertical sounder routine measurements at the Sofia station. The ionosphere
responded very actively to the solar phenomena.

A. Period September 5-25, 1977

l.TonosphericEffects of Solar Flares

Table 2 gives an information for the basic parameters of the SID-effects
at the main path No. 4 with highest representability [1].

As an illustration it is worth presenting the time courses of the field strength
at the time of some strong flares. In Fig. 1-a are given the time courses of the field
strength for several paths observed in Sofia at the time of solar flare 2b on the
9th of September 1977 with a maximum of SID-effect around 16 40 UT. On
all paths (with the exception of No. 4) are reproduced the envelopes of the signal.
The records show a total absorption of the signal around the SID-maximum, with
the exception of path No. 4, where the signal is maximum because of the consider-
able increase of electron concentration gradient in the reflection region.

The records of paths No.2, 9and 10 are of special intersest, where ihe
maximum of the SID-effects almost coincides with the sunset (x=90°) marked
by the sign |. Evidently the solar X-radiation here is practically eliminated,
but in spite of this the total absorplion goes on for ten minutes longer for the
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Table 1

Coord. of refl. point
No. Path Freq. { (kHZ) | Dist. d (km) | feosi-ty(kHz) |
i | N° E*
1 Donebach-Roburent 151 580 45 47.0 08.7
2 | Brasov-Sofia 155 370 75 42.7 23.4
3 | Brasov-Roburent 155 1450 29 45.4 16.7
4 | Allouis-Sofia 164 1720 25 . 455 13.2
5 | Ankara-Sofia 182 850 35 414 28.0
6 | Kiev-Sofia 209 1000 45 i 46.7 26.8
7 | Monte Carlo-Roburent 218 75 200 . 440 07.5
8 | Berromiinster-Roburent 527 300 280 - 458 08.1
9 | Pleven-Sofia 593 140 480 43.1 24.0
10 | Pristina-Sofia 1412 170 1100 42.7 22.3
11 Nise-Roburent 1554 80 1500 o 440 07.5
12 | Bern-Roburent 3985 280 2300 i 457 07.7
13 | Tirana-Sofia 5055 310 2900 I 420 21.5
14 | Wien-Sofia 6155 800 2800 ;457 19.9
15 | Bern-Roburent 6165 280 5500 45,7 0_7.7
16 | lonospheric Station-Sofia — — — C4T 23.3
Table 2
1% Path No. 4
Days |
1977 Start Max ; Dur
uTt uT l min Imp
9.9. 16 30 1642 30 2+
10.9. 10 38 10 48 40 1+
17.9. 12 54 12 56 ‘ 30 1—
19.9, 1031 1042 90 3
21.9. 0815 08 20 30 1
21.9. 10 85 11 02 50 1+
24.9. 0943 103§ 220 3
25.9. 0310 0930 80 2
25.9. 1340 1354 120 3
25.9. 1700 1730 50 2

path No. 2 and 20 minutes for path No.9. This is the result of the ivnospheric re-
laxation which is the measure for the effective recombination coefficient ag; in
the D-region. These cases may be utilized for the numerical estimation of a4 [2].

InFig. 1-b are represented the time courses of the field strength, observed
in Roburent (Gorth-Western Italy). Here the maximum of SID’s precede the sunset
time by about an hour. On the path No. 11 can be seen the first SID as well with
a maximum around 16 20 UT, and on the path No. 7 both SID’s unite, because
of the greatl signal absorption. !

Evidently the total signal dbsorption on all paths, at that at a zenith angle
of the sun %=90°, shows that the solar flare has been very sirong; probably this
refers to a solar proton flare of which the ionosphetic aftereffects, the existence
of Burst type IV and the data of the measureinents of IMP.7 and 87[3], witness.
According to the method [4] the solar NX-ray [ux in the flaremaximum should be
greater than 1.10-' erg cm—* s~ 1.
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Another strong proton flare took place on the 19th of September 1977 with
a maximum of the SID effect around 10.40 UT. In Fig. 2 are represented only two
original recards of LW on paths No. 4 and 5. The abrupt increase of the [ield
strength on path No. 4 after 10 30 UT is due to the iasi increase of the cleciron
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Fig. 1-a. SID-records at Sofia obsérvatory, Sept.
9, 1977

concentration gradient in the reflectionregion; on the other hand, on path No.5
can be seen very well the phase — height effect whereby can be calculated the
lowering of the reflection height to the SID-maximum Ah~8.5 km [5]. On all
the rest of the paths there are also-sirong SID effects similar fo those of the 9th
of September 1977 but for the sake of brevity the records are not given.

The third important event noted in the letter of WDC-A (J. A. McKinnon)
took place on September 24, 1977. It probably pertains to precipitation of the
solar protons in the polar cap,-an indication of which is the absorption L=2.5 d5
registered by the riometer in Thule, as well as the data of SGD. The ionospheric
effects of thisevent are represented in-Fig. 3. Here for sake of brevity the records
are represented only by three paths. On path NO.-4 can be seen a sirong SID-
effect with a maximum of about 10 35 1JT. The increase of the ionizing radiation
progresses very slowly (the initial phase lasts about an hour); path No. | give-
the phase — height change: Ah=9.8 km; at the same time a strong SSWF takes
place on the path NO. 12 whose course can be seen in Fig. 3. Similar effects can
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be observed on all the rest of the paths with the exception of these in which the-
daytime absorption is very high.

The picture of the SID-effect on the path No. 5is unusual. During the 18-year
period of ohservation SID of a similar course in September has not been regisiered.
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Fig. I-b. SID-records at Roburent observatery,
Sept. 9, 1977
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Fig. 2. SID-records at Sofia, Sept. 19, 1977
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The ionizing source has not an explosive character as usually happens in X-Ray
Burst, and there is no data of such a X-Ray Burst.

Therefore, there is a possibility of strong ionization hy energetic particles in
the mesosphere.

2. lonospheric Absorption and Vertical Sounding

As a result of the strong solar flare on September 9, 1977 accompanied by an in-
jection of solar plasma in interplanetary space, after September 10, a Forbush
decrcase of the cosmic rays takes place. Psrallel with that, path No.4, as a
good indicator of the niodulation processes in the environmental plasma {6],
[7] reacts significanily. InFig. 4 the daviine absorption L, on Sept. 14 drops
by 17 dB below the level of the monthly median and is strongly correlated with
the intensity ol the cosmic rays 1 measured at the stalion of Kiel |8]. The cor-
relation of T is high with the night absorplion L,g as well. Path No. 3 reacts
in a similar way, but on a lower scale — L5 (day). 1t is evident that here the
ablston[)é]ion in the CR layer is strongly decreased which confirms the former re-
sults [9].

The solar proton flare on Sept. 9, 1977 lcads to slrong disturbances in the
geomagnetic field in the period 19-23 Sept. 1977 (Fig.5). The night lower ionospherc
reacts in a parallel way. In the same Figure can be seen the course of the nightly
absorption on paths 2, 4 and 8. While path No. 4 reacts synchronously with
Ap-index, for the paths 2 and & the reaction comes several days later — a proved
fact by previous investigations [10].

An interesting result of the vertical sounding is the cnange of foF2 in the
period 15-25 September 1977 which takes place almost parallel to the electron
flux measured by IMP 7 and 8 in the same period (Fig. 6.).
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| ]
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40

Fig. 6. Time history of critical frequency [F2
and eleciron flux F, Sept. 15-25, 1977

B. The Event on November 22, 1977
The solar cosmic ray burst on Nov. 22, 1977 is accompanied by a solar X-Ray

Burst with a maximum of SID-effect around 10 12 UT. In Fig. 7 are reproduced
LW-records on paths No. 4 and 6 and copies of the original records are given
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for "paths No. 7 and 12. From the phase-height record (path No. 6) is cal-
culated the drop of the lower part of D-region with Ah==10.5 km. On short and
long waves by a steep incidence of the signal the absorption is total. On all the
rest of the paths the absorption effects outside the SID inferval cannot be ob-

164 kHz/1720 km
ofia
22,11, 77

i1 10 09

209 kllz/ 1000 km
Sofia

22,11, 77
' 1 i
11 10 09
218 kllz 75 km
Roburent
22,11 77

. 3985 kHz/280 km
Roburent
22, 11,77

Fig. 7. SID-records al Sofia and Roburent,
Nov. 22, 1977

served neither in the day nor at night. The data of vertical ionospheric sounding
in the period +5 days around Nov. 22, 1977 are within the limits of the normal
values.

Conclusion

The powerful solar proton flares from the period under consideration caused
strong ionospheric disturbances. In the lighted side of the planet there sets in
a total absorption of the radiowaves within the 150 kHz — 8 MHz range. The
electron concentration gradient in the D-region increased 4 to 8 ti mes, its lower
boundary decreased by 8 to 12 km as.a  consequence of which the integral electron
concentration under 100 km grew up ‘to 10 times.
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I'he flares were accompanied by powerful fluxes of solar plasma which after
September 10 caused Forbush-decrease - and modulation effects:of the radiowaves
with an equivaleni frequency 25 kHz whose amplitude reached 17 dB.

The disturbances affected the high ionosphere too, the critical frequencies
of the F2 layer in the course of 10 days followed the electron flux recorded by
IMP 7 and 8.

Similar effects were obtained during the solar events of November 22, 1977
as well.

The analysed helio- and geophysical events show the advance of the ionosphere
complex observation. The combined recordings of the ionospheric effects give
a possibility o estimale the basic parameters of the lower ionosphere and to
trace the reaction of the middle and high ionosphere at the precipitation of energ-
etic particles in the high gliosphere,
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Tonospheric Activity Observed at Japanese Stations in September 1977

by

R. Maeda, K. Yoshikawa, S. Taguchi and S. Hidome
Radio Research Laboratories
Koganei, Tokyo 184, Japan

Some ionospheric phenomena were detected as a disturbance effect of McMath plage region 14943 which
passed the central meridian of the solar disk (CMP) on September 14, 1977. Solar flare events generated
in the active region d1rect1y affected the fonosphere causing fmin increases (Sudden Ionospheric
Disturbances) as shown in Table 1.

TABLE 1. Sudden fmin increases observed at Kokubunji in September 1977

Start End fmin increase
Day uT Day UT
7 2230 8 0700 3.7 MHz
16 2230 17 0500 2.2
18 0015 18 0430 2.4
20 0300 20 0730 3.5
26 0130 26 0245 2.3

After CMP, the ionospheric critical frequency foF2 showed positive deviations, and also foF2
decreased in amplitude (Ionospheric Storm) over Japan. Figure 1 shows the deviations of foF2 from its
monthly median in September, for the observations at Wakkanai (35.3°N, 206.5°), Kokubunji (25.5°N,
205.8°), Okinawa (15.3°N, 196.0°) and Syowa (69.8°S, 78.2°). Above the Kokubunji data in Figure 1, sudden
onsets of fonospheric disturbances and geomagnetic storms are denoted by arrows and triangles,
respectively. The variations of foF2 recorded at Wakkanai and Kokubunji were similar with the deviations
within +3.0 MHz. The Tower latitude station, Okinawa, showed a predominantly daily variation, and a
moderate day-to-day variation was detected at the Antarctic station, Syowa, where many blackouts allowed
only a 1ittle reliable data. Generally speaking, one part of the foF2 change is a daily variation and the
other is a day-to-day variation. Their enhancements.in the progress of an ionospheric storm are often
recognized as a disturbance daily variation and a storm time variation.

A foF2 deviation of one MHz with the duration of one day is a reasonable criterion of the variation
anomaly observed in Japan. Such a level jump in foF2 is found around the 14th through the 15th of
September 1977. It was said, during the foF2 depression, that radio telecommunications over Japan were in
unstable conditions because of the ionospheric disturbance effect. The decreases of foF2 were anomalous
from the 19th to the 21st and from the 24th to the 26th. These events are the so-called summer type
ionospheric storms which are frequently observed from April to September in Japan and cause propagation
disturbances in the short wave circuits [Maeda, 1976].

Before the onset of the September 19 ionospheric storm, a solar proton event and a geomagnetic storm
occurred following a severe solar flare. At Kakioka the geomagnetic storm had its beginning, main phase
and ending at 1142 UT on the 19th, at 12.9h on the 19th, and at 15h on the 21st, respectively, with a range
of 130Y. There was no evidence, however, of an obtvious geomagnetic storm in association with the September
24 ionospheric storm. The above-mentioned ionospheric storms are shown in Figure 2, where the disturbed
foF2 recorded at Kokubunji is represented by quarter-hourly values connected by solid lines, and the
September and October monthly hourly medians are indicated by solid and dotted lines. It was obscure
whether the September 21 geomagnetic storm with range of 82Y was associated with any ionospheric storm.
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Proton Flare Effects on the Phase of VLF Radio Waves during
Sept. 9-28 and Nov. 22-24, 1977

by

Takashi Kikuchi and Choshichi Quchi
Inubo Radio Wave Observatory
Radio Research Laboratories
Tennodai 9912, Choshi, Chiba

Japan

Remarkable phase advances were observed on the VLF radio waves propagated through the upper part
of the auroral zone (265° in corrected geomagnetic latitude), corresponding to the invasion of solar
protons (Ep > 10 Mev) into the polar cap ionosphere. The successive geomagnetic disturbances also
caused phase advances on VLF signals propagated in the auroral zone and the nighttime subauroral
region.

Phase measurements of VLF waves propagated over great distances have been made at Inubo Radio Wave
Observatory (35°42'N, 140°52'E) by means of a cesium beam frequency standard. Three signals over the
auroral zone path (ALDRA, GBR, N. DAKOTA) and one over subauroral region (NPG/NLK) were used for detec-
tion of the increase in the ionization in the lower ionosphere caused by energetic particles in asso-
ciation with high solar activity. The 13.6 kHz frequency of the Omega ALDRA (66°25'N, 13°8'E) and N.
DAKOTA (46°22'N, 98°20'W) was received by a phase tracking receiver "TRACOR 599R" and GBR 16.0 kHz
(52°22'N, 1°11'W) and NPG/NLK 18.6 kHz (48°12'N, 121°55'W) by the same type receivers "TRACOR 599K".
Among the four signals, ALDRA and GBR, with their paths passing through the upper part of the auroral
zone (65°~68° in corrected geomagnetic latitude), were very sensitive to the solar protons invading
into the polar cap ionosphere. The magnetic disturbances, on the other hand, caused appreciable phase
advances on the signals over the auroral zone and the nighttime subauroral region.

Figure 1 shows phase variations during the period Sept. 6-30, 1977, along with the proton flux of
energy range 20-40 Mev observed on the satellites Imp 7 and 8 and also the geomagnetic index
Kp (Solar-Geophysical Data, NOAA). Each phase curve represents the deviation from a quiet-time diur-
nal variation on Sept. 5 which is referred to the straight dashed line. It is apparent that the
remarkable phase advances observed on ALDRA and GBR correspond to the increase of the proton flux
during the periods 9-15, 16-18, 19-20 and 24-27. The magnitude of the phase deviation is approximately
proportional to the logarithm of the proton flux. The relationships between them are expressed empiri-
cally by

Ap = 60 Log(F) + 140
for ALDRA and
Ap = 60 Log(F) + 120

for GBR, where A¢ and F represent the phase advance in degrees and the proton flux in protons/(cm2

ster sec Mev) respectively. The geomagnetic disturbances with Kp >3 occurred in relation to the proton
flares and caused smaller effects on the auroral zone path, but short-term phase advances were
observed on Sept. 13, 22 and 23 corresponding to high Kp indices. The magnetic effects are more
distinct on GBR than on ALDRA, whereas the phase disturbances due to solar protons are larger on ALDRA
than on GBR by about 20 degrees on the average. The subauroral zone signal NPG/NLK was significantly
disturbed in the nighttime by the enhanced geomagnetic activity which started on Sept. 19. It should
be noted that the geomagnetic effects on NPG/NLK appeared with a delay of a day from the onset of the
geomagnetic disturbances, while the auroral zone signals responded almost simultaneously to the
increase of solar protons and geomagnetic activity.
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Fig. 1. Phase variations of VLF signals over auroral zone (ALDRA, GBR,
N. DAKOTA) and over subauroral region (NPG/NLK), along with
solar proton flux and geomagnetic activity index Kp. Each
curve represents the deviation from a quiet-time diurnal phase
variation on Sept. 5.

Figure 2 shows the phase deviations of three auroral zone path signals over the period Nov. 20 -
Dec. 10. The reference diurnal phase variation used for deducing the phase deviation is an average
diurnal variation over the whole period. Remarkable abrupt phase advances are seen on the signals
ALDRA and GBR on Nov. 22, whereas no appreciable effects show on N. DAKOTA. A1l three signals are
disturbed during the period Nov. 25-26 and Dec. 1-5 in correspondence to high geomagnetic activity.
The N. DAKOTA signal, which travels over the Tower part of the auroral zone ($62° in corrected
geomagnetic latitude), seems to suffer more effects of geomagnetic disturbance than the signals over
the upper part of the auroral zone. It is apparently seen that the solar proton effects appear on the
signals with their path reaching the auroral region of 265° in corrected geomagnetic latitude, which

agrees with the range of PCA deduced by Hakura [1967] using the fmin data available in the polar cap
region.
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Fig. 2. Phase deviations of VLF signals over auroral zone from an
average diurnal variation over Nov. 20 - Dec. 10.
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SID's Detected by RRL/Japan During 7-24 September 1977

by

K. Marubashi, T. Ishii, C. Nemoto and C. Ouchi
Hiraiso Branch, Radio Research Laboratories
Nakaminato, Ibaraki 311-12, Japan

and

T. Kikuchi
Inubo Radio Wave Observatory, Radio Research Laboratories
9961 Tennodai, Choshi, Chiba 288, Japan

This report summarizes sudden ionospheric disturbances (SID) observed by the Radio Research
Laboratories, Japan, by means of various radio techniques during 7-24 September 1977. The SID
henomena reported here are: (1) sudden phase anomalies (SPA) from the VLF observations at Inubo,
2) sudden enhancement of signals (SES) detected at Hiraiso by the observation of the amplitude of
tha Loran C pulse signals, (3) sudden increase in fmin (SIF) from the ionosonde data obtained at four
ionospheric sounding stations, and (4) short wave fadeout (SWF) detected by the amplitude recording of
HF radio signals at Hiraiso. Characteristics of the propagation circuits are shown in Table 1.

Figure 1 illustrates the time of maximum and the maximum deviation from the quiet level for each
of detected SID phenomena. For SIF are shown the maximum fmin values themselves, and not deviation
from the quiet Tevel. During 7-22 September, 1977, McMath plage region 14943 was very active and most
SID's in Figure 1 were associated with this region. The activity of McMath 14943 was rather low from
11 to 15 September and the occurrence frequency of SID's is well correlated with this activity change
[Nozaki et a1., 1978].

Figure 2 shows the result of analysis on the quantitative relationship between SIF and SPA. The
SPA's used in this analysis are indicated in Figure 1 by attaching letter A. The propagation circuits
were wholly in the sunlit hemisphere with solar zenith angles less than 85° for these SPA phenomena.
The maximum phase deviations were normalized to a fixed distance (10000 km), to a fixed wave frequency
(20 kHz), and to a fixed solar zenith angle (0°). The dependence of phase deviation on the wave
frequency and distance was taken from Muracka et al. [1977] as

d 1 X
Adp = -360 — ( + ) Az
A 7a 16 23

where d is the distance, A is the wavelength, a is the radius of the earth, and z is the reflection
height taken to be 70 km. The average value of sec x was calculated by taking the average of sec X
values computed for 500 km intervals along the propagation path. Sato [1975] presented the empirical
relationship among the solar X-ray in the 1-8 A band, F, fmin, and the solar zenith angle x as

- 1/4 1/2
£oin (MHz) = 10 F cob X

Thus, fmin4 Aecz X 1is considered to be the quantity proportional to the solar X-ray flux. In the
figure, small dots indicate values from individual observations and open circles indicate the average
value for each event. The dashed line presents a possible relationship between these two quantities.
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Table 1.

Characteristics of SID-monitoring circuits and stations

Tyge Transmission Reception Diitagce
0 . Geographic Radiation km
sip | Station Coordinates Frequency | poer (ki)
RUGBY 55°22'N  001°11'W 16.0 kHz 40 9550
REUNION 20°58'S 055°17'E 13.6 10 10970
SPA | NORTH WEST CAPE | 21°49'S 114°10'E 22.3 1000 6990
HAIKU 21°24'N 157°50'W |  13.6 10 B0, | 6100
JIM CREEK 48°12°'N  121°55'W 18.6 250 140°52'E 7620
SES | IWOJIMA 24°48'N  141°20'E 100 kHz 40000 HIRAISO 1290
WAKKANAT 45°24'N  141°41'E
AKITA 39°44'N 140°08'E
SIF 1 voxusuNg1 35°42'N  139°29'E
OKINAWA 26°19'N  127°47'E
MOSCOu 55°45'N 037°16'E | 6/8/11/16 MHz | 20-30 7490
SHEPPARTON 36°20'S 145°25'E 15 100 8100
SWF | paunr 22°00'N  159°46'H 15 10 Wy | 5910
FORT COLLINS 40°41'N  105°02'W 15 10 140°38'E 9150
RUGBY gzoo
e IOO - . ' -
REUNION 20079 [ A
100 .
200 - T 0y [] 19 [} ' ‘
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&| cape 1007 P A A 1
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| KOKUBUNJ! 2; ' 3
OKINAWA CE 1 E
MOSCOW @ 704 1
8201 ]
30 ] .
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Fig. 1. SID's detected by Radio Research Laboratories, Japan, during 7-24 September, 1977.

The maximum values of SID effects and the times of maximum are illustrated.
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Perturbation of the Ionosphere Above Paris During the
Ground Level Event on 19 September 1977

by

G.C. Rumi
Instituto Elettrotecnico Nazionale "Galileo Ferraris”,
Torino, Italy

Introduction

The data in Fig. 1 are the phase and amplitude of the signal on 16 kHz (GBR) and on 60 kHz (MSF),
transmitted from Rugby, U.K., as received at the Instituto Elettrotecnico Nazionale (IEN) at Torino,
Italy, and with ionospheric path midpoint above Paris, France. The geographical coordinates of the
transmitter site are 52°22'N, 1°11'W, while those of the receiver site are 45°03'N, 7°40'E.

19 SEPTEMBER 1977
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Fig. 1. Phase and amplitude of the signal on 16 kHz (GBR) and on 60 kHz (MSF)
received at the IEN on September 19, 1977.
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The data of Fig. 1 are characterized by the following events:

1) a sudden phase advance for GBR at 1040 UT, followed by a superimposed phase delay which gra-
dually dies off;

2) a sudden amplitude decrease for GBR at 1040 UT, which dies off simultaneously with the gradual
disappearance of the related phase delay;

3) a gradual phase delay for MSF beginning at 1000 UT, followed at 1040 by a sudden phase advance,
which disappears together with the perturbation on GBR;

4) an amplitude crevass for MSF between 1000 and 1040 UT, followed by a steady high signal level
during the perturbation of GBR signals.

Notice that between 1150 and 1220 UT the data on MSF are missing.

Let us attempt an interpretation of these data according to a most simple scheme, i.e. let us sup~-
pose that the VLF and LF propagation between Rugby and Torino takes place via a one-hop ray, reflected
midway on the ionosphere above Paris, and that the associated ground wave is diffracted away from the
receiver site by the highest Alpine peaks. In terms of ray optics and of the diagrams of Fig. 2, which
give amplitude and phase of the reflection coefficient for the specular case versus the angle of
incidence, at several values of the parameter 2,y (the double product of the real and imaginary parts
of the refractive index, pertinent to the reflecting layer), the following considerations can be
formulated.

The Ground Level Event observed on September 19, 1977, by neutron monitors implies a strong
increase of ionization at the reflection height of GBR and MSF. The phase changes after 1040 UT can be
explained with a lowering of the reflection heights and hence an increase of the angle of incidence
from 73° upward. In the case of GBR even a change in the value of the parameter 2 y, is implied, with
a final value larger than 1. Then a phase advance tied with the height Towering and the curve shift is
counter-balanced by the increase in gy and its phase delay, in obeyance to the curves of Fig. 2. On
the contrary, MSF should operate in the region such that 0.5<2yy< 1. The difference between the 2 fre-
quencies is coherent with the fact that, near 60 km height, an increase of electron density from 108 to
10° electrons per meter cube does not produce a sensible change in u and x at 60 kHz, while it affects
them at 16 kHz.

When dealing with the frequency bands under examination, even the amplitude is controlled mostly
by the reflection coefficient. The 2 dB decrease of GBR at 1040 UT is explained with the decrease of
[wRu| coherent with the decrease of arg ,R, discussed above. On the other hand, the jump of 13 dB
observed between 0830 UT and 1040 UT in the amplitude of MSF can be attributed to a change between a
gradual reflection, which during the day should be accompanied by a [uRu| of the order of 0.02, to
specular reflection which according to Fig. 2 is accompanied by a [uRu] 0.5 at p7 73°. The estimate
of |,R,| ~0.02 is obtained by observing the variation of the amplitude of MSF between night and day
that amounts to a decrease up to 16 dB and realizing that |uwRa| must be £ 1. The crevass recorded
before 1040 UT finds a justification that has been discussed by Rumi [1972].

In conclusion, it appears that a very elementary scheme based on the trends illustrated in Fig. 2
suffices to explain the records of Fig. 1. A further comment is in order. A retardation of the phase
on GBR of the kind observed at 1100 UT is quite unusual: even on the occasion of the strongest solar
flares the records show only an advance. It can be inferred that during the GLE of September 19, 1977,
the high energy tail of the ionizing radiation spectrum was exceptionally strong and that the ioniza-
tion profile reached exceptionally deep strata in the atmosphere above Paris. :
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Large-Scale Irregularities in Plasmasphere Obtained
by WhistTers Observed September 24, 1977

by

T.M. Ralchovski
Geophysical Institute, B.A.S.
Moskovska 6, Sofia 1000, Bulgaria

An interesting result has been obtained by studying whistlers registered at Sofia Observatory,
situated at N41.2 geomagnetic latitude. From observations over many years in our submidlatitude
station, it has been established by Ralchovski [1977] that in a period of relatively low solar activity
whistlers are registered only during (1) moderate geomagnetic disturbances for which Kp does not exceed
5 or (2) in the recovery phase of strong geomagnetic storms.

The data presented here refer to the second case above, which coincides with Retrospective
Interval September 19-23, 1977, when a strong geomagnetic storm began with a sudden commencement.
During the whole of September not a single whistler was detected except those registered during the
recovery phase of the above-mentioned geomagnetic storm. The whistlers began on September 23 at 2150
UT and were observed until 0452 UT the next day.

We evaluated equatorial electron concentration (Nag) by calculating nose frequencies (fa) and
their respective time delays (t,) according to the Dowden-Allcock [1971] technique. We then determined
the equatorial electron concentrations by using a diffusive equilibrium model for the distribution of
plasma along the field lines (Angerami, 1966). We set parameters of the model to the following values:
H*=8%, He™=2% and 0%=90% at a 700-km base level and T = 1600 K.

The results obtained for Neq are shown in Figure 1 as a function of the location of the field
ducts defined by the L-parameter. The solid line curve presents the mean value over 8 years of change
in Neq for the interval L=1.8 to 2. Note that some whistlers propagate along the same L surface but
have nose frequency time delays. This fmplies the existence of regions on a given L surface with dif-
ferent contents of plasma [Carpenter, 1970].
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Fig. 1. Neq as a function of L-shell.

The three types of symbols represent three different values of Neqk The open circles grouped
around the solid line curve establish concentrations that coincide with the normal annual mean values.
On L surfaces near 1.8 and 2,0, considerably different values of the normal Neq have been established:
8-9 x 103e1/cm3 and 3-5 x 103e1/cm3. Plus signs mark the higher values and plus signs enscribed in
circles mark the lower values. Thus within the +15° Tongitudinal view of the observatory two regions
with different levels of ionization exist. The anomalous concentration at L=1.8 is increased about
three times. This order is almost retained for L=2.0.
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The temporal distribution of the above observations is shown in Figure 2. The electron con-
centration is on the vertical axis and the time of observation on the horizontal. The same symbols are
used as in Figure 1. It is obvious that the inhomogeneous density distribution at L=2.0 (L parameters
are given in brackets under the symbols) at 2350 UT were registered at the beginning of the period.

The second irreqularity was registered 5 h later at a Tower level, L=1.8. Whistlers dispersed from the
normal electron concentrations, 1-2 x 103e1/cm3, for these high regions (marked with little circles)
were observed during the whole interval 2350 - 0452 UT. The geomagnetic conditions represented by the
. hour value of the Dst-index is shown at the top of Figure 2. The horizontal component of the geomagne-
tic field is still negative but there is a tendency for its normalization.
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Fig. 2. Neq variation by time of day. Dst also shown.

The above results.can be interpreted as due to the large-scale irregularities in the plasmasphere
which exert considerable effect on the whistlers propagating through them. As has already been shown,
these structural anomalies are placed in a horizontal direction on an L surface but nothing can be said
now about their relative situation because of lack of observations by other observatories in the
neighborhood of Sofia. It can be assumed that the established structures represent a cloud with higher
electron concentration than its surroundings which moves toward smaller L. surfaces.
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Catalog of VLF Whistler Data

by

L. E. S. Amon
University of Otago
Box 56, Dunedin, New Zealand

The Physics Department, University of Otago, holds a VLF Whistler data set covering the period
September 7-24, 1977. Table 1 Tists the UT recording times at Dunedin for VLF Whistler observations.
Many of these coincide with recordings taken at Campbell Tsland and with VLF recordings taken from
ISIS 1 and ISIS 2. The recordings from Campbell Island are also held by us together with some of the
recordings from the ISIS 