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NUCLEONIC INTENSITY, PERCENT
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Fig. 1. Nucleonic intensity, expressed as percent of the pre-event level, at polar
stations around the epoch of the September, 1971 ground level event (GLE).
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 Fig. 5. Log-Tog plot of neutron monitor data recorded at a number of stations, and
normalized to a standard atmospheric pressure, during the isotropic phase on

September 2, 1977,
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The Flare of Cosmic Rays on September 1, 1971

by

N. P. Chirkov, A. M. Novikov, G. V. Skripin, G. G. Todikov, A. T. Filippov

Institute of Cosmophysical Research and Aeronomy, Yakutsk Branch,
Siberian Department of the Academy of Sciences of the USSR, Yakutsk, USSR

Late on September 1, 1971 the Siberian net of stations observed the flare of solar cosmic rays.
In the Table below geographical coordinates, threshold rigidities of stations [Shea et al., 1968], and
amplitudes of the flare are Tlisted. Stations were equipped with Superneutron Monitors.

Table 1
Number Station P(GV) Geographical Aggl1zgg§)
Latitude Longitude
1 Tixie Bay 0.52 71.5°N 128.9°E 12.1 12.3
2 Norilsk 0.60 69.3 88.1 - 11.4
3 Yakutsk 1.85 62.0 129.7 6.6 6.3
4 Magadan 2.16 60.1 151.0 4.0 3.7
5 Irkutsk 3.74 52.4 104.0 1.1 0.7
6 Habarovsk 5.55 48.5 135.2 - 0.4

5-, 15-minute, and hourly values of cosmic ray intensity during the flare are given in Figure 1.
The statistical errors are indicated. From Figure 1 it is seen that the flare of cosmic rays started
at 2010 UT, September 1, and reached its maximum at 2140-2200 UT, i.e., in 90-110 minutes.

In Figure 2 experimental and estimated according to Krymsky [1969] intensity values at various
values of a in the equation

n(t) = B2™® (/1)

are presented, where 1 is a non-dimensional time. From Figure 2 it is evident that one can observe the
best agreement between the theory and the experiment if o = 0, and if we assume that particle emission
on the Sun began at 1915 UT, i.e. 55 minutes earlier than the commencement of cosmic ray intensity
increase observed on the Earth.

Knowledge of the emission commencement enables us to determine a path Tength L and a diffusion
coefficient D for the present flare:
RZ
L = — & = g.10! cm; D = Le | 4102 cm?/sec

(2—oz)ctmaX 3

where R £ is a distance from the Sun to the Earth.
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Fig. 1. Variations of cosmic ray intensity for the period
1900 UT September 1 - 0500 UT September 2, 1971 at
stations Norilsk, Tixie Bay, Yakutsk, Irkutsk,

Magadan and Habarovsk.
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Fig. 2. Estimated values of cosmic ray intensities (curves)
for o = 0 and 0.5, and experimental values (points)
depending on time. Maximum amplitudes are normalized

to 1.0.

In Figure 3 a Tatitudinal dependence of the flare amplitude is given. Points are amplitudes
based on 15-minute values for 2245 - 2300 UT (amplitudes are presented in the Table in the next to
the last column). Circles are amplitudes based on hourly values for 2300 UT September 1 (the last

column in the Table).

It is evident from Figure 3 that a latitudinal dependence of amplitudes is very well described by
the expression

A(P)~P7Y, where vy = 2.6t 0.1.
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15-minute data, circles are amplitudes based
on hourly data.
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The Ground Level Cosmic Ray Increase of September 1, 1971
Recorded by the Neutron Monitor in Bergen, Norway

by

R. Amundsen and H. Trefall
Department of Physics
University of Bergen, Norway

The Bergen neutron monitor data for the September 1, 1971 event is presented in Figure 1. The
graph presents hourly valyes and is plotted as a percentage of the pre-event average count-rate. The
data are pressure corrected to 990 mb (coefficient 0.74%/mb) and represent the mean of two sections.
The 100% Tevel is at 8370 counts per hour for the September event. The standard deviation is shown
on the graph.

The neutron monitor station in Bergen is at sea level, and the geographical position is 60°24'N
latitude and 5°24'E Tongitude. The cut-off rigidity is 1.2 6v.

For the September event, the maximum count-rate occurs in the interval 2200-2300 UT September 1,
and the increase amounts to 13.2%. The September event has a markedly slower increase and decay rate
than the January event.
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Fig. 1. Bergen neutron monitor data for the September 1, 1971 event.

409




"Scintillation Monitor, Bologna, Italy. 15-Minute Observations”
by

M, Galli, T. Wiandri
Istituto di FTisica "A. Righi"
Universita degli Studi di Bologna

MR, Attolini
Tahoratori T.E.S.R.E.
Consiglio Nazionale delle Ricerche, Bologna

Tigure 1 presents for August 28 to September 4, 1971 the
total ionization (T), the atmospheric pressure at ground level
(P), and the hard components: 45° inclined towards West (W),
45° inclined towards East (E) and vertiecal cubical coincidences

(V).

Table 1 presents the data from the scintillation monitor at
Bologna. The tabulated data should be read with a decimal point
after the second figure of each number. The numbers are devia-
tions in % units from 2 fixed value of pressure covrected data
at the end of each 15-minute interval.
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6. IONOSPHERE
The September 1971 Solar Cosmic Ray Event

by

A. J. Masley
Space Sciences Department
McDonnell Douglas Astronautics Company
Huntington Beach, California

Introduction

The McDonnell Douglas Polar Observatories are located at McMurdo Sound, Antarctica (77°51'S,
166°43'E) and at magnetically conjugate Shepherd Bay, N. W. T., Canada (68°49'N, 93°26'W). These
stations, at a geomagnetic latitude of 80°, are located inside the polar cap regions, removed pole-
ward from the auroral zones to minimize auroral interference.

Radio techniques are used which allow effects taking place at altitudes from 30 to 90 kilometers
to be observed with ground-based equipment. Riometers are operated which measure the signal strength
of galactic radio noise at 30 and 50 MHz. The ionization produced by the interaction of the charged
particles with the atmosphere increases the electron density so that radio waves passing through
the fonosphere are significantly absorbed. The absorption of the radio waves at a given frequency
is proportional to the square root of the intensity of charged particles. This technique is sensi-
tive to protons from about 5 to 100 Mev. Other equipment operating at the stations includes magne-
tometers and photometers at 3914 R and 5577 A&.

1 September 1971 Event

At 1935 UT September 1 a 10 minute radio noise burst was seen on the riometers in both polar
regions. Absorption began on the McMurde 30 MHz riometer at 2040 UT September 1, during sunlight
hours (see Figure 1). The arrows in Figure 1 show the 30 km sunrise and sunset for each station.
Maximum 30 MHz absorption at McMurdo was 3.4 dB at 0300 UT September 2 during daylight. The maxi-
mum at Shepherd Bay was 4.2 dB at 1400 UT September 2 during daylight. The actual peak intensity
of the event may have occurred between these times while both stations were in darkness. The ab-
sorption Jevel decreased to about 2 dB at 1500 UT September 4 at Shepherd Bay. There was a small
decrease in absorption at both stations after the sudden commencement at 1646 UT September 4. The
absorption remained near 1.5 dB for several days at Shepherd Bay until September 7. The absorption
at Shepherd Bay was about 1 dB larger than at McMurdo Sound during most of the event, the difference
increasing in the final days. If this difference is not due to jonospheric effects it suggests a
200% to 400% North-South asymmetry. During the 2 September 1966 event under similar sunlight
conditions the absorption was nearly identical over both polar regions [Masley and Goedeke, 1968].

Acknowledgement
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1 SEPTEMBER 1971
SOLAR COSMIC RAY EVENT
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Fig. 1. 30 MHz riometer absorption data for Shepherd Bay and McMurdo Sound, September 1-7, 1971.
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30 MHz RIOMETER DATA FOR SEPTEMBER 1971 SOLAR PARTICLE EVENT

RAYMOND J. CORMIER
TONOSPHERIC RADIO PHYSICS BRANCH
IONOSPHERIC PHYSTCS LABORATORY
ATR FORCE CAMBRIDGE RESEARCH LABORATORIES
BEDFORD, MASS. 01730
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AFCRL Geopole Observatory 30 MHz Riometer Data
for September 1971 Solar Particle Event

Cormier, R. J. 1971 Geophysics & Space Data Bulletin
Vol. VIIT; No. L
AFCRL Bedford, Mass. 01730
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Polar Cap Absorption of September 1, 1971 by Riometer Data in the Arctic and Antarctic

by

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

The present study is concerned with one of the two strongest Polar Cap Absorption events recorded
in 1971. PCA data were obtained by riometers installed at the Soviet Arctic and Antarctic stations.
Table 1 presents the station Tist, their geographical positions, invariant latitudes and the Sun's
altitudes.

Table 1

STATION LIST

Sun's Altitude

Station Name Geographic Positions 2 3 Septembér 1971 Notes
Latitude Longitude Noon  Midnight

1 North Pole 19 83°17'N 142°48'E  76,0°N  +14°25' + (0°59' Positions for
Sept. 3, 1971

2 Dixon Island 73 30 80 14 67,2 +24 12 - 8 48

3 Salekhard 66 32 66 32 61.0 +31 6 -15 42

4 Vostok Station 78°27'S 106 52 84.3°s + 350 -19 14 Data receiyed
by radio

5 Mirny 66 33 92 01 76,8 +15 45 =31 9 .

6 Molodezhnaya 67 10 45 51 67.6 +15 8 -30 32 et

Notes: Riometer frequencies: Vostok Station - 30 and 50 MHz; Mirny - 31.8 and 40 MHz; other stations
had riometers at 32 MHz.

Antennas at Vostok station are co-phasal, directed to zenith; at other stations antennas are
of Yagi, directed to North Pole.

PCA Event 1-6 September 1971

This event was not associated with any particular solar flare, since no optical solar flare data
were readily available. We can, however, assume that a solar flare occurred at about 2000 UT
1 September on tne basis of the data of radio emission bursts [Solar-Geophysical Data, 1971].
Vela Satellite measurements show that the proton flux with energies Ep > 25 Mev reached its maximum
value F = 3640 particles/cm?/sec at 0400 UT on the following day [Solar-Geophysical data, 1971].

Figure 1 shows PCA intensity variations with data from 6 stations, three being in the Arctic, the
other three in the Antarctic. North Pole-19 data show the absorption onset at 2000 UT, reacning its
maximum at about 0600-0800 UT 2 September. Almost simultaneously, PCA maxima occurred at all other
stations.

This PCA event occurred close to the autumn equinox, thus the night-day effect was well-pronounced
at all the stations except NP-19. The evaluation of the ratio of the daytime absorption to the night-
time absorption has shown that it always decreased during PCA, having different values at the various
stations, on an average ranging from 4 to 7. At Salekhard the effect of the geomagnetic cutoff was
well-pronounced, and the absorption intensity was an order of magnitude less compared to other
stations. At NP-19, though at midnight the Sun's altitude was + 0°59', the day-night effect was not
observed. The equilibrium conditions at this station occurred because of the polar day during the
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Sun's lower altitudes.
marked changes related
was observed.

An sc magnetic disturbance occurred on 4 September at 1646 UT. However, no
to it were observed in the PCA event. No midday recovery for this PCA event

SEPTEMBER 1971
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Fig. 1. Variations of PCA intensity over the period 1-6 September 1971.
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Ground Based Ionospheric Observations from the Danish Geophysical Observatories
in Greenland during the September 1 Event 1971

by

J. Taagholt and V. Neble Jensen
Tonosphere Laboratory
Technical University of Denmark
DK-2800 Lyngby, Denmark

The ionosphere data published below are reduced data based on routine measurements made at the
field sites:

Narssarssuaq (geomagnetic coordinates: Lat. N 71.4° Long. E 37.1°)
Godhavn (geomagnetic coordinates: Lat. N 80.0° Long. E 33.1°)
Thutle (geomagnetic coordinates: Lat. N 89.1° Long. E 357.5°).

ATl three observatories, situated on the west coast of Greenland, are run by the Ionosphere
Laboratory, a division of the Danish Meteorological Institute. The vertical sounder used at
Narssarssuaq is a modified C-3/4, at Godhavn a J-5, and at Thule a C-4.

Additionally, Cosmic Noise Absorption (CNA) data obtained by means of IOWLAB-Riometer at 30 MHz
are shown from the same observatories as well as from Station Nord (geomagnhetic coordinates:

Lat. N 80.7° Long. E 134.5°), Sdr. Strgmfjord (geomagnetic coordinates: Lat. N 77.6° Long. E 34.8°),
and Godthaab (geomagnetic coordinates: N 75.0° Long. E 29.7°).

The three Tatter stations are operated for the Ionosphere Laboratory by the Greenland Technical
Organization, Telesection.

September 1 Event

The riometer observations for September 1 (see Figure 1) at the four southern stations and
especially at Narssarssuaq show normal auroral observation events varying between 0 and 3 dB
absorption. Only at Thule and Station Nord is another feature seen starting about 2000 UT with a
steadily increasing absorption.

The CNA data for September 2 show high absorption at all 6 stations, indicating a real polar
cap absorption event. Station Nord due to the extremely high geographic latitude and the time of
year shows no diurnal solar effect corresponding to 24 hours of sunlight in the lower ionosphere.
From about 5 dB maximum absorption at about 0730 UT on September 2 the absorption decreases siowly
during the following 3 days at Station Nord. The diurnal variation is more pronounced farther south.
The rapid increase of absorption at the four West Greenlandic stations shows a Jatitude time
dﬁpendenﬁe, with the earliest occurrence at Thule and a delay of about 3 minutes per degree towards
the south.

Some HF propagation data for the period September 1 to September 7 (Figure 2) illustrate the
HF communication problems caused by such an absorption event. At Reers¢ near Copenhagen (N 55.1°
E 11.0°) WWV signals from Fort Collins, Colorado (N 40.68° E 254.97°) are recorded every second
hour. Figure 2 shows the signal strength received at Reersg with the scale from 1 = barely audible,
2 = poor, 3 = fair, 4 = good, to 5 = excellent, placed according to the different receiving
frequencies 1in the range from 2.5 - 25 MHz. Additionally, information about HF communication from
Godthaab, Greenland (N 64.2°FE 308.2°) to Reersg is presented as a full line for normal communication,
as a thin Tine for reduced communication, and marked with B for "black out" periods. On Figure 2
the 30 Mz riometer data from Godthaab are also presented, showing pronounced correlation between
the CNA data and the HF communication data.

On Fiqure 3 the propagation paths are shown: Fort Collins - Reersg about 7000 km and
Godthaab - Reersg about 3500 km. The normal propagation Godthaab - Reersg is usually a one hop
propagation via F-Tayer with the reflecting point situated in the auroral zone over Iceland. The
transmitter is situated on a small island on the West Greenland shore and the radiation angle is as
small as about 4°.

The riometer data shown, giving information about absorption in D-region vertically above the
transmitting station, could thus not be expected to give valuable information about the Godthaab -
Reersg communication. However, based upon data from Figure 1 and Figure 4a and b, it can be expected
that the PCA covers the total polar cap. The signal from Godthaab (as well as Fort Col1lins) there-
fore will be absorbed when crossing the D-region near Greenland's east coast. This is in agreement
with Rybner and Ungstrup [1957] as seen on Figure 5 showing the area with high absorption based upon
data collected during the 1932-33 international polar year. During the summer the Tonosphere
Laboratory will start operation of a 30 MHz riometer at Angmagsalik. This riometer should give
information about absorption in the area where the propagation path Godthaab - Reersg crosses the
D-region. 410
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Fig. 1. 30 MHz Riometer data for September event.
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Fig. 3. HF communication path.
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Tonospheric Observations in Kiruna of the PCA Event of 1 September 1971

by

C. Jurén and J. Svennesson
Kiruna Geophysical Observatory
$-981 01 Kiruna 1, Sweden

Introduction

Tonospheric observations from Kiruna which may be related to the outstanding PCA event of
September 1, 1971 and tne associated geomagnetic events are collected and presented in synoptic ’
figures. Reproductions of magnetometer and riometer records are given in separate figures. Ionosonde
records from observing stations other than Kiruna have been included in the synoptic figures to show
the Tatitudinal variations.

The coordinates of the stations are given in the table below:

Geographic Corrected Geomagnetic+)

Latitude Longitude Latitude Longitude
Kiruna 67.8°N 20.4°E 64.8°N 104.2°E
Lycksele 64.6°N 18.7°E 61.7°N 100.6°E
Uppsala 59.8°N 17.6°E 56.9°N 97.1°E

The riometer records from Kiruna are replaced by records from Down Range Station, ESRANGE,
when, for longer periods, the riometer records in Kiruna are highly affected by radio interference.
These records are marked with the letters DRS.

The ionosonde data used are from the bulletins published by the Research Institute of National
Defence, Stockholm, Sweden.

The geographic coordinates of the transmitters of the VLF signals shown in this data report
are as follows: NAA (17.8 kHz) 44.6°N, 67.3°W; NLK (18.6 kHz) 48.2°N, 121.9°W; and HAIKU (13.6 kHz)
21.4°N, 157.8°U.

The PCA Event of 1 September 1971

A ground level cosmic ray increase started around 2015 UT on 1 September. The increase at
Deep River was about 27% around 2200 UT.

The PCA onset was observed in Kiruna on the two VLF signals NLK (18.6 kHz) and HAIKU (13.6
kHz) around 2020 UT on 1 September.

No optical flare was observed which could be responsible for the emission of the particles
causing the above two events. However, the Sagamore Hill Observatory recorded a complex radio
burst with onset 1926 UT, and Type IV solar radio emission of medium intensity (with onset time
1937 UT) was observed in Boulder. It was probably a "behind Timb event" with the particle emitting
area supposedly (Ursigram) about 3 days behind the West Timb of the Sun.

A general view of the event as observed in Kiruna is shown in Figure 1.

VLF Propagation

The onset of the PCA event was observed as a phase advance starting about 2020 UT of both the
VLF-signals. The maximum phase advance of the HAIKU signal was about 45 usec and occurred early in
the morning on 2 September (UT).

The amplitude of the NLK signal decreased and the maximum difference from the normal level was
greater than 30 dB in the night of 1-2 September. About 6 September the amplitude began to increase
slowly reaching normal level on 9 September.

Radio Wave Absorption

The typical proton induced cosmic radio noise abosrption, showing smoothly varying and high
absorption during day and low absorption during night, started early on 2 September and remained for
2 days. A moderately severe magnetic storm started with an sc at 1646 UT on 4 September and the
absorption observed between 4 and 8 September was more variable.
+) G. Gustafsson, Arkiv for geofysik, 5, 595, 1970.
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Fig. 1. Survey of ionospheric effects as recorded in Kiruna and nearby observatories.
The foF2 plots are presented in the order of decreasing latitude.

The riometer absorption curve shows the maximum absorption during each hour. One-hour
values of the critical frequency foF2 have been plotted. The hatched areas indicate
periods when the critical frequency was not measured due to black-out, and empty areas
correspond to periods when foF?2 could not be measured for other reasons. The onset of
the PCA is observed on the phase and amplitude records of the VLF signals.
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A reproduction of the riometer records is shown in Figure 2.

The diagrams of the critical frequency of the F2-layer show black-out in Kiruna for some time
every day between 2 and 8 September and only during very short time periods in Lycksele during the
geomagnetic storm on 4 and 7 September. This indicates that the proton precipitation reached somewhat
south of Kiruna. No black-out was recorded jn Uppsala.

Geomagnetic Activity

The PCA onset occurred during a period with weak geomagnetic activity. The geomagnetic storm
with the sc at 1646 UT on 4 September gave a smooth sTowly growing X-component for two hours after
the sc. At 2100 UT the X-component has a positive maximum. The X-component was negative with a
minimum of about -500 y from the Sq curve at 2330 UT. At the same time there was a maximum in both
the Y- and Z-components, 200 y and 250 v, respectively. This indicates that the main activity
occurred to the south of Kiruna. During the following nights the magnetic activity in Kiruna re-
mained high.

Figure 3 shows the magnetometer records from Kiruna for the period 3 - 11 September 1971,
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EFFECTS OF THE SEPTEMBER 1971 SOLAR PARTICLE EVENT ON POLAR VLF PROPAGATTON

JOHN P. TURTLE
POLAR ATMOSPHERIC PROCESSES BRANCH
AFRONOMY LABORATORY
ATR FORCE CAMBRIDGE RESEARCH LABORATORIES
BEDFORD, MASS. 01730

Measurements of VLF propagation in polar cap regions are made at the AFCRL Geopole Observatory
at Thule AB in Greenland as a monitor of D-region particle precipitation disturbances. During
the solar particle event on 1 September 1971 two transmitters were being monitored; one was GBR
(16.0 kHz) in England and the other was NPG (18.6 kHz) in Washington. These paths are shown in
Figure 1.

The effects of the 1 September 1971 solar particle event on the amplitude and phase of the
signals from the two transmitters are shown in Figure 2. A rubidium frequency standard was used
as the phase reference. Although both propagation paths were solar illuminated at the beginning
of the event no definite SPA effects were recorded. The D-region particle disturbance began at
about 2010 UT on 1 September. On the NPG-Thule path the maximum attenuation was about 12 dB at
0330 UT on 2 September and a maximum phase advance of 204° occurred at 0915 UT. On the GBR-
Thule path the signal was lost during the daylight hours on 2 and 4 September due to the enhanced
attenuation effects of the Greenland ice cap. The maximum attenuation on this path was probably
more than 25 dB. Recovery to normel signal propagation conditions was not complete until
11 September 1971.

Fig. 1 Polar VILF Propagation Paths to the Geopole Observatory
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Mid-Latitude Total Electron Content buring Cosmic Ray Event September 1-2, 1971

by

J. A. Klobuchar
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

and

M. J. Mendillo
Astronomy Department, Boston University
Boston, Massachusetts

Continuous measurements of the jonospheric total electron content (TEC) using the Faraday rota-
tion technique are routinely made from Sagamore Hill, Hamilton, Massachusetts, by monitoring the VHF
signal from the geostationary satellite, ATS-3. The TEC of the mid-latitude ionosphere consists
mainly of the integrated electron densities of the F-region; that is, the lower layers contribute a
negligible amount to the total. The equivalent vertical TEC values for September 1-2, 1971, are
shown in the Figure below. The dashed curves give the monthly median behavior for the month. The
small vertical arrow indicates the approximate time of the commencement of ground Tevel cosmic ray
increase. The September period was magnetically quiet, as indicated by the Ap values in the Figure.
Geomagnetic storms typically cause large scale changes in TEC which last several days while large
solar flares produce effects of much smaller magnitude and shorter duration. For this period,
however, no changes occurred in TEC which could be directly associated with the cosmic ray increase.

SEPT 1, 1971

! 1 ! I L I ] 1 1 1 1 1 1 {

Ap=10 SEPT 2, 1971 Ap= 2

fL,
6 i2 I8 24 UT 6 12 I8 24

EQUIVALENT VERTICAL TOTAL ELECTRON CONTENT OBSERVED FROM SAGAMORE HILL,
HAMILTON, MASS.

. 426




Polar Cap Disturbances of September 1, 1971, Observed on the Phase of VLF Waves

by

Y. Hakura
Radio Research Laboratories
Koganei, Tokyo, Japan

and

T. Ishii, T. Asakura, and Y. Terajima
Inubo Radio Wave Observatory
Radio Research Laboratories
Choshi, Chiba, Japan

Phase measurements with a cesium frequency standard of VLF waves propagating over great dis-
tances have been made at Inubo Radio Wave Observatory, Choshi, Chiba, Japan (35°42'N, 140°52'EF).
Among.them, transpolar VLF waves provide a very sensitive method of detecting solar proton events at
the middle latitude [Nakajima et al., 1970]. The transpolar signal paths for NAA-17.8 kHz, GBR~- -

16.0 kHz, and WWVL-20.0 kHz are shown in Figure 1, in which the corrected geomagnetic latitudes of
60° and 70° are shown by two elliptical lines.

Fig. 1. Transpolar signal propagational paths.

Figure 2 shows solar proton flux with energy 5 - 21 Mev [Solar-Geophysical Data, October, 1971],
phase deviations in the NAA and GBR signals and geomagnetic Kp indices on August 29 through )
September 11, 1971. Occurrence times of polar cap disturbances (PCD) and related solar-terrestrial
events are Tisted in Table 1.
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Table 1

PCD's observed at Inubo and related solar~terrestrial events of September 1, 1971

Event Start time Max, time End Flux, or
Phase deviation
. -20. -2 -1
Radio burst at 2695 MHz 1/ 1926.9 1940.5 2002.2 1.2x10_7 swm™ “Hz
( Sagamore Hill ) 2002.2  2002.2 2030D 1.3x10
NAA-17.8 kHz 1/ 2032 2/0741 9/08 218°
PCD o
GBR-16.0 kHz 2045 0352 8/09 150
Solar | ATS 1 (21-70 Mev) 2100E 11/07
proton
Neutron monitor 2020 2250 2/1230 11.5 % above background
(Deep River)

D = after
E = before
NAKAJIMA, T., 1970

T. ISHII, K. TSUCHIYA,
A. SAKURAZAWA, and
Y. HAKURA

1971
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Report on Ionospheric and Whistler Activity at the Panskd Ves and Prihonice
Observatories on September 1, 1971

by

F. Jiricek, J. Lastovicka and P. Triska
, Geophysical Institute
Czechoslovak Academy of Sciences

Prague, CzechosTovakia

The proton flare event on September 1, 1971 was accompanied by nearly no effect in the ionosphere
above Central Europe. It is rather difficult to decide precisely what was the ionospheric response
to the proton flare in question, because the flare influence was superimposed on the two magnetic
storms that started on 30 August at 2303 UT and on 4 September at 1646 UT [NOAA, 19711.

The state of the upper ionosphere is studied using the foF2 data of the ionosonde located at
Prihonice (49°59'N, 14°33'E). The foF2 values during the period August 31 - September 4 are close
to monthly median values except the daytime values of August 31 and September 1, which are distinctly
higher and lower, respectively, than median values. These two days, however, precede the proton
flare event. Consequently, this proton flare event caused no observable changes in the upper iono-
sphere.

The X-ray burst accompanying this proton flare event was too weak to cause any SID-event, which
is in agreement with observational SID data [NOAA, 1971]. The daytime Tower fonosphere during the
period August 30 - September 4 was fairly quiet according to the HF A3-absorption data obtained at
Panska Ves (50°32'N, 14°34'E). The nighttime Tower ionosphere is studied using the LF A3-measurements
of the ionospheric absorption. The nighttime absorption data measured at 272 kHz (reflection point
49°34'N, 16°03'E) are presented in Table 1:

Table 1
Aug.  Aug.-Sept. Sept. Sept. Sept. Sept. ~ Sépt. - X)
Date | 39-31 313 1-2 2-3 344 4-5 5-6 Median

L(dB) 11.7 13.2 15 13.2 12.7 12.4 16.9 13

x) monthly median value

If we compare the results of absorption measurements made at 272 kHz (Table 1) and 185 kHz (reflection
point 51°09'N, 14°06'E) with monthly median values and with the absorption values in the vicinity of
the studied period, we obtain a general nighttime absorption characteristic of the period under

study Table 2):

Table 2

. Aug. Aug.-Sept, Sept. Sept.
Night 30-31 31-1 1-2 2-3
272 kHz Tow normal slightly enhanced normal
185 kHz normal enhanced enhanced more enhanced

. Sept. Sept. Sept.
Night 3-4 4-5 5-6
272 kHz normal Tow enhanced

By 2015 - 2125 UT; . .

185 kHz s?ight]y enhanced slightly enhanced slightly enhanced

The absorption enhancement starting on'September 5-6 which continues during at least the next two
nights may be attributed to the magnetic storm with ssc at 1646 UT on September 4 [NOAA, 1971].
The bay-Tike disturbance (By) observed at 185 kHz on September 3-4 seems to be of a random origin,
because it is neither confirmed by any other absorption data nor supported by geomagnetic data.
The time-development of absorption between the nights of August 30-31 - September 4-5 allows us to
say that the absorption enhancement at 185 kHz and very probably also at 272 kHz is the absorption
after-effect of the magnetic storm started at 2303 UT on August 30, but the possibility of some
influence of the proton flare of Septmeber 1, 1971 cannot be excluded. The nighttime absorption
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data of the Nagycenk Observatory (272 kHz; A3; reflection point 48.4°N, 17.1°E) indicate no observable
influence of the given proton flare either [Bencze, 1972].

If we compare the lower ionosphere response to the solar proton flares of September 1, 1971,
January 24, 1971 [Triska et al., 1972] and November 2, 1969 [Krivsky et al., 1972] and to the March
1970 event [Triska and Lastovicka, 1971; Knuth et al., 19711, we can conclude that the effect of the
proton flare itself probably does not occur in the Tower ionosphere (except SID due to the EUY-
radiation) above Central Europe (v50°N, ~15°E) nor somewhat more northerly. The main condition for
the occurrence of the lower jonosphere disturbances accompanying the proton flare event seems to be
a sufficiently disturbed geomagnetic situation caused by the given proton flare or by another solar
event coinciding accidentally with the proton flare interval, e.g. by the mechanism proposed by
Bedndrovd and Halenkd [19691.

The whistler activity, as is usual in Czechoslovakia in this part of the year [Jirfcek, 19717,
was so weak that it was impossible to obtain any results based on VLF-data. For instance, at the
Panskd Ves Observatory no whistler was observed during August 30 and only one was observed during
September 1 in the routine observational program of 2 minute tape records every hours.
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Solar Particle Events in the Ionosphere during the Period of September 1 - 8, 1971

by

P. Velinov and G. Nestorov
Geophysical Institute
Bulgarian Academy of Sciences
Sofia, Bulgaria

Introduction

The ground-level cosmic ray increase on September 1, 1971 is recorded only by the stations
situated in higher Tatitudes, thereby distinct from the event on January 24, 1971. For instance in
Europe on 1 September the event was observed at Kiel, Germany (geomagnetic threshold of rigidity
Rc = 1.9 BV), at Dourbes, Belgium with RC = 3.2 BV, etc. However, this event was not observed by

the Pic-du-Midi (RC = 5.6 BV) neutron monitor.

Thus 1in our region of observation where RC = 5 BY, ionospheric effects caused directly by

relativistic solar cosmic rays on September 1 are absent. However, in this case as well as during-
the event on January 24, a number of secondary ionospheric effects were observed of the soft as

well as of the high energy solar particle fluxes throughout the high atmosphere during the period
following September 1. These anomalies are ordinarily connected with geomagnetic field disturbances.

Effects in the Low and Middle Ionosphere during the Period August 28 - September 8

Two days before the event on September 1 there was a strong geomagnetic storm with evident
after-effects during the period of investigation September 1 - 8. Thus, it is only proper to begin
the study of the case a few days earlier. In order to follow up more clearly the effects in the
different jonospheric regions, Figure 1 represents a diagram of the absorption time - variations of
the radio waves of different frequency ranges during the period August 28 - September 8. All
measurements are performed at the Ionospheric Observatory, Sofia (N42.6, E 23.4) in typical middle
latitudes.

In order to assess more objectively the absorption course in the given period it is necessary
that we give the equivalent frequencies fi of the observed path for the A3 method. They are shown in

the table below where the path length d is alsc given as well as the coordinates of the reflection
points.

f(kHz) d(km) f.(kHz) Coordinates
1 North East

155 380 75 44°13'  24°27¢

164 1720 25 45°28' 13°13!

557 180 400 43°30"' 23°32!

593 140 480 43°02' 24°03!

In the VLF range (fi = 25 kHz, Ljs4) on August 29 we observe a considerable absorption decrease

which can partially be explained by the small Forbush effect in the cosmic rays on the same day.
A similar decrease, but of a smaller amplitude, can be established in the Liss curve. From tne
monthly median absorption values

Lm’ 164 — 4 dB; Lm’ 155 = 17 dB
and the values on August 29

L151} =2 dB H L155 = 15 dB

We can determine the relative variation of electron production rate in the cosmic ray layer by means
of the expression [Velinov, 1968 and 1971]:

Aq _ AL AL
q L \?*7T (1)
Hence the result obtained is
(AQ/Q)16n = 125% and (Ag/q)yss = 25%.

These values, however, cannot be explained only by cosmic ray Forbush decrease (3-hour Kp index
reaches maximum 3) which can be easily established by the calculations made by Velinov [1971].
Similar estimations are given by Nestorov and Velinov [1972].
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The absorption decrease effect on September 1 - 3 and 5 is much greater. The cause is as
follows: since conditions of propagation for Lisx at night are determined mainly by a deviative
component, i.e. according to Nestorov [1962] from the logarithmic gradient of the electron density
in the reflection region, it can be expected that around and above this height there acts an exces-
sive fonization course which increases the electron density in the night E-layer. ~This means that
for radio waves crossing the layer the absorption will increase.

Actually from the absorption measurements Lss, and Lsgs can be seen that they increase on
August 31 and September 3, 5 and 7.

Similar to the January 24 - February 3 events [Nestorov and Velinov, 1972] as well as the
established behavior of Lyss in other cases by Nestorov [1969], essential changes cannot be observed
here. In the absorption on this path during the research period results confirm the compensation
by opposite active factors in the reflection region during anomalies at the base of the thermosphere.

Thus 1in the studied case it is a confirmed fact that during as well as after the time of geo-
magnetic disturbances at the base of the thermosphere is formed increased ionization which favors
VLF reflections and increases the absorption of the radio waves crossing this region.

The increased absorption Lssy and Lsgs on August 31 coincides with the day of the geomagnetic
storm, while the increase of L on September 3 is a well-known after-effect, taking place three days
following the basic disturbance.

On September 5 and 7 there is a new increase in the geomagnetic activity accompanied by an
L increase. Actually on September 7 the basic ionospheric effect is superimposed on the after-
effect of September 5, thus the L value (especially Lssy) greatly increases. It is to be regretted
that records of Li¢y are missing because of technical reasons.

The monthly median absorption value (Lm, 593 = 12.8 dB) as well as the current L values given

in Figure 1 make it possible for us to estimate the intensity of the additional acting ionization
source in the region hy to h, ~ 80 to 120 km by means of the expression [Velinov, 19697]:

[=2 E - h Aq (2)
k,eff

where Q = 30 ev is the energy required in the formation of 1 electron-ion pair, Ek off is the

effective energy of the particles.

For instance for the main effects on August 31 and September 5 we have
ALgl.a = 3.2 dB and AL5_9 =2.3dB

whence by means of equation (1) is obtained:

(Aq/Q)sl.e = 0.55 and (AQ/Q)S.S = 0.4

From this at q = 0.3 cm™3sec™? [for further details refer to Nestorov and Velinov, 19727 for the
necessary flux of protons Ek off = 300 kev we obtain

I =(1-1.3)x10% particles cm 2sec-!,
and in the case of electron precipitation Ek off = 40 kev from equation (2) is obtained:
2
I = (0.7 - 1)x10% particles cm~2sec~!
for the number of particles with pitch angle in the cone of losses. The total number of particles
can be determined when I is divided by the factor K = 6x1072 to 5x10~%depending on the kind of
distribution of the particles for the parameter of McIlwain L = 1.8.

High Energy Solar Particle Effect on the Low Tonosphere

Figure 1 indicates that on September 4 there is an unusual increase of Ligy which indicates
the presence of additional ionization in the Tow ionosphere which is absent in the night E-layer
(Lssy and Lsss decrease). The calculations made by Velinov [1966, 1968 and 1970] show that for an
explanation of the experimentally observed L increase it is necessary to postulate that a very small
number of particles - Tless than 1% of the particles causing the polar cap absorption penetrate the
mid-latitude ionosphere. Moreover the main problem is how a part of the PCA particles has been able
to penetrate up to the middle Tatitudes where the geomagnetic threshold is high. Probably .the weak
geomagnetic disturbance on the night of September 4 - 5 with the 3-hour Kp index 3 to 4 caused
an insignificant part (<1%) of PCA particles to precipitate at middle latitudes.
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The detailed trend of the increased absorption AL;¢, on September 4 - 5 is shown in Figure 2.
The base level taken here for the mean absorption includes the period September 1 - 7. In the same
Figure the dashed line represents the trend of the 5 - 21 Mev energy level, showing hourly averages
from the solar proton monitor ATS-1 (1966 - 110 A) [Solar-Geophysical Data, 1971]. As is well-known,
the solar proton flux measured at ATS-1 is representative of the flux in interplanetary space and
over the polar caps. Unfortunately, the data from ATS-1 for the energy level 21 - 70 Mev protons
are incomplete. Nevertheless on Figure 2 the good correspondence between the trends of AL;q, and
5 - 21 Mev protons to 2200 UT is seen. After that Alysy increases at 2300 UT, while the 5 - 21 Mev
proton flux decreases. However, at the same time the number of 21 - 70 Mev energy protons increases.
The Kp index also has its maximum value during the night.

It must be emphasized that the polar cap absorption begins about 1 hour after the ground-
level cosmic ray increase on September 1 and effectively terminates in the morning on September 5.
During this whole period however, there was no PCA influence because the geomagnetic field was
comparatively quiet (Kp = 0 to 2). The geomagnetic storm (ssc) starts as late as September 4 with
Kp = 3 to 4. The unsettled geomagnetic conditions that followed are believed to be the result of
the passage of an interplanetary sector boundary rather than as a consequence of the behind-the-
1imb event on September 1. It is at this point that conditions for the middle latitude PCA event
appear; it is also observed experimentally by Liesx.

A 464 kHz, Soft'a
) s \ 4/5.91
d
L Protons
A, I/ \\ Prot. om®sec
s 300
-1 208
400
!
4
L B ]
% 9 20 o 2 B % o 02 0 UT
September 4 September 5

Fig. 2. The hourly trend of the additional absorption
in the Tow ionosphere and 5 - 21 Mev protons
during the night of September 4 - 5. The 3-hour
Kp index is indicated also.
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The behavior of the night E-Tayer (90 - 120 km) is of special interest. That Tayer is con-
trolled by Lsss and Lssy. As an illustration, in Figure 3 is shown a recording of the night of
September 4 for the path 593 kHz. The monthly median absorption value is given-by a dashed Iine.

It is clear that a bay effect appeared in the absorption between 2000 and 2200 UT coinciding with the
peak of 5 -~ 21 Mev protons. At the same time a strong polarization disturbance starts, continuing
during the whole night (this conclusion is drawn from the observation of other M paths). The bay
effect is quite strong.

This shows that simultaneous with the high energy particles at the base of the thermosphere
there is an influx of lower energy particles. This corresponds to our expectations because of the
geomagnetic disturbance having taken place.

Effects in the High Ionosphere

Simultaneously with the current phenomena in the low and middle ionosphere were recorded
disturbances in the higher level. In Figure 4 is shown tne result of the ionogram interpretation
obtained at the Sofia Ionospheric Station. In the upper part of the Figures is given the trend of
foF2 averaged for 3-hour intervals during the period of August 28 - September 8. The averaging of
foF2 for 3-hour intervals was performed in order that the trend of foF? and of the geomagnetic index
Kp((shown in the lower part of the Figures) could be compared more easily. The smooth trend of
the monthly median values foF2 for August and September is shown by a dashed Tine. It can be easily
seen that from the afternoon of August 30 to noontime on September 1 are obtained two positive and
two negative anomalies of foF2 coinciding with the increased geomagnetic activity (the shaded parts
of the diagram with the marks "+" and "-"). The relative amplitude of the anomalies is between 20
and 25% and can be assessed as medium magnetoionic disturbances. With the geomagnetic storm (ssc)
on September 4 is connected the weak positive jonospheric disturbance during the pre-sunset period
on the same day; on the contrary the ssc on September 7 evoked a negative jonospheric disturbance
on the morning of September 8.

The disturbance series begins with the well-known sunset increase anomaly in the ionization
of the F2-layer during the pre-sunset period on August 30. This increase of foF2 is not necessarily
connected with the directly following geomagnetic storm ssc at 2303 UT. On the contrary the de-
crease of foF2 between the end of August 30 and the beginning of August 31 in the main phase of the
storm is a regular phenomenon, connected most probably with an additional heating of the neutral
gas at different heights of the F2-layer. The essential increase of foF2 during the whole day of
August 31 is more interesting than the weak effect on September 4, Such positive disturbances are
exceptions after a geomagnetic storm. According to a new investigation of Fatkullin [1971], such
effects in the daytime ionosphere at medium Tlatitudes during the time of geomagnetic anomalies could
be even quantitatively explained by the increase of the concentration n(0) at the turbopause levels,
i.e. on the basis of aeronomical processes. The anomaly series ends with a negative daytime dis-
turbance in the F2-layer during the morning hours on September 2. In this way is established that the
disturbances in the period of the geomagnetic storm and after it influence the entire jonosphere.
Almost simultaneously the disturbances appear in the high and middTe ionosphere. Later (by 1 - 3
days) they arise in the Tow ionosphere. This conclusion coincides with the previous results of
Nestorov [1970].
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The Effects of a Solar Proton Event and Associated Geomagnetic Disturbance
on the Phase of VLF Signals Received at Leicester, UK

by

J. W. Chapman and R. E, Evans
Department of Physics
University of Leicester
Leicester, U, K.

Introduction
This paper presents the effects of a period of enhanced solar proton flux and geomagnetic distur-

bance on the phase, recorded at Leicester, UK, of VLF radio signals propagated over medium and Tong
distance paths. Details of the transmissions are given below.

Transmitter Frequency {kHz) Path Length (km)
Trinidad 12.0 7200
Aldra 10.2 1800

Aldra-Leicester is a high Tatitude path, the transmitter being situated in the northern auroral
zone. The.geomagnetic Tatitude (&) is less than 40° for about half the Trinidad-Leicester path and
hence charged particle effects might be expected to have the Teast influence on the signals for this
circuit.

The Disturbance of September 1971

ATT the available evidence suggests that this was a less severe disturbance than the January one
(see page 237 this report). There is practically no data from ATS-1 during the first 3 days of the
proton event (Figures 1d, e), but the maximum proton flux observed by the Vela satellite {3640 part-
icles/cm? sec at 0400 UT on 2 September) was considerably less than for the earlier event (5640
particles/cm? sec at 0800 UT on 25 January). Comparison of ATS-1 measurements at the same time delay
after the onset of the two events confirms that the flux is less for this event. The magnetic storm
which began with a sudden commencement at 1646 UT on 4 September was only of relatively minor impor-
tance, Kp not exceeding 4% at any time (Figure 1c).

Figures Ta and 1b show that the fonospheric effects are small for the 2 paths monitored (dashed
lines indicate Timits of undisturbed phase variation). There appears to be very Tittle effect on the
Trinidad phase immediately following the onset of the proton event, and only a small phase advance
for the night-time following the onset of the storm (maximum advance ~ 0.1 A on 5-6 September).

Rather surprisingly the effect on the Aldra-Leicester path is even smaller, night-time phase advance
at no time exceeding ~ 0.05 ) and there is also only a small effect on the day-time phase. A possible
explanation of this is discussed below. The absence of short period irregular fluctuations at night
and lack of distortion of the diurnal variation on the Aldra records is further evidence that the
ionospheric disturbance was a reTatively minor one.

Discussion

Marked phase fluctuations at night were obtained on the 12.3 kHz Aldra-Leicester transmissions
during the March 1970 event [Jones, 1971], and the Tack of fluctuations during the September 1971
event suggests that the ionospheric 'disturbance at that time was not particularly severe. However,
there is a small effect on the Trinidad phase, suggesting that a larger phase advance should be ex-
pected on a high latitude path. It seems possible that mode effects are involved for the Aldra-
Leicester path, similar to the well-known effect on the 16 kHz Rugby-Rome transmission when phase
retardation occurs as the reflecting region moves downwards during a solar flare [Burgess and Jones,

9671]. ese 2 path lengths and frequencies are similar; there is a relatively small (< 1 A) phase
path change from day to night on both, and the shapes of the diurnal phase path variations are very
similar. Further evidence for mode effects on the Aldra-Leicester path {s provided by measurements
at 13.6 kHz where there is very Tittle change in phase path throughout the day. Calculations are
being undertaken to determine which modes are important for the Aldra-Leicester circuits.
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7. AURORA
The Auroral-Zone Effects of the September 1 Event over Cola Peninsula

by

B. E. Brunelli, L.S. Eviashin, S. I. Isaev, L. L. Lazutin,
G. A. Loginov, G. A. Petrova, V. K. Roldugin, N. V. Shulgina,
G. V. Starkov, G. F. Totunova, and E. V. Vasheniuk
Polar Geophysical Institute
Academy of Sciences of U.S.S.R.

Apatity, Murmansk Region, U.S.S.R.

Description of the 1-4 September 1971 event is given here using the same set of stations, obser-
vational technique and the manner of presentation as in our previous report [Brunelli et.al., 1971].
Development of the September 1971 event was similar to the January one (see p. 247 of this report)
but with Tess intense solar proton flux and geomagnetic disturbance. Sudden commencement of the
storm seen here as two moderate negative bays was delayed from the solar proton burst for 68.5 hours.
The data are presented in Figures 1~4.
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Fig. 1. Corrected hourly values of counting rate NM, Apatity, from August 29 to September 8.
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Figure 1 presents Apatity neutron monitor data from August 29 to September 8, 1971. During
this event the galactic cosmic ray background was fairly stable, no Forbush decrease was seen. The
first 15-minute interval of enhanced counting rate at Apatity NM began at 2015 UT September 1. The
geomagnetic field was quiet. In the ionosphere only a weak sporadic layer and the absorption near
0.5 dB at the frequency 25 MHz were observed. Gradual increase of cosmic noise absorption began
at 0200 UT September 2, while the magnetic field remained undisturbed, Figure 2. This PCA event
differs from the January one by showing a broader maximum due to the increase of the sunlit period.
During the second day of event, Figure 3, September 3, the PCA value remains fairly large; in the
morning hours PCA was mixed with the morning type of auroral absorption (AA), in the evening - with
the second sharp increase of absorption, seen on all frequencies and accompanied by the small negative
geomagnetic bay. On the third day after cosmic ray burst, Figure 4, September 4, a magnetic storm
with sudden commencement at 1646 UT was registered. The main phase of the storm consisted of two
negative bays accompanied by the appearance of a sporadic E-Tayer type "a" with large blanketing
frequencies and sporadic structures in the F-region partially screened by the E-layer.
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Provisional Equatorial Dst

by

M. Sugiura
Laboratory for Space Physics
Goddard Space Flight Center, Greenbelt, Maryland 20771
Provisional equatorial Dst is plotted below for the period August 27 to September 7, 1971. The
Dst data presented here are provisional. The base line, which is based on extrapolat1ons of the
base lines for the four observatories, Kakioka, Hermanus, San Juan, and Honolulu, from the 1957-1970
series [Sugiura and Poros, 19711, will be redetermined later when the final Dst values are calculated.

REFERENCE

SUGIURA, M., and 1971 Hourly values of equatorial Dst for the years 1957 to
D. J. POROS 1970, Goddard Space Flight Center, %-645-71-278.
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Geomagnetically Active Plages and Flares Observed during the Interval Including September 1, 1971

by
M. C. Ballario
Osservatorio Astrofisico di Arcetri
Florence, Italy
Abstract

The moderate geomagnetic disturbance observed on September 1 (Kp max = 5), 1971, is related to
an importance 2 flare recorded on August 30 {Time-lag of about 2 days).

The other geomagnetic storms and disturbances observed during the interval August 14-September 20,
including the selected day, are well-correlated either witn CMPs of positive plages or with occur-
rences of "specific flares", namely proton flares (Figure 1).

Introduction
Solar phenomena occurring during the interval August 14-September 20, 1971 are examined.

In Figure 1 are marked:

A. The CMPs of all recurrent and non-recurrent plages as given in the McMath calcuim plage
1ist ("Solar-Geophysical Data", Part I, Boulder, Colorado).

| oo

The CMPs of recurrent positive plages only.

The positive plages are never associated, before the meridian transit, with spot-groups type C
or greater but, at the most, with spot-groups type A or B (spots without penumbra).

The CMPs of positive plages are generally associated with geomagnetic storms or disturbances;
the correlation being about 78% [Ballario, 1970a].

On the contrary the negative plages are associated, before the meridian transit and at least
for part of their 1ife, with spot-groups type C or greater (spot with penumbra).

The CMPs of negative plages, as well as their CMPs in the subsequent rotations, are generally
associated with quiet or sTightly disturbed geomagnetic conditions [Ballario, 1970a], unless a
resurgence takes place.

It is also seen that the CMPs of non-recurrent plages, whatever the associated spot-group type
may be, are geomagnetically inactive.

The subdivision into negative and positive plages, depending on the associated spot-group type,
is based on the Fraunhofer Institut Solar Maps.

The plage subdivision into recurrent and non-recurrent is given in the McMath calcium plage
Tist. However, we have to note that, particularly when the active centers show only very small and
negligible plages which appear and disappear during their 1ife, some classified non-recurrent plages
may be considered as recurrent ones. Thus, in this regard, some changes have been made.

o

The geomagnetic index Kp (Bartels).

=]

The geomagnetically active flares.

We are not able, at present, to give the characteristics distinguishing the geomagnetically
active flares from the inactive ones. Only "a posteriori" we may correlate geomagnetic storms and
disturbances with flare occurrences.

In a previous paper [Ballario, 1970a] we have found that 48% of importance 2 and 3 flares, 53%
of importance 1 proton flares and 21% of importance S proton flares were followed by geomagnetic
storms or disturbances with Kp maximum value > 4+ (time-lag of about 2 days), while the others were
followed by quiet or slightly disturbed geomagnetic conditions. On the other hand it is well-known
that importance 1 and S flares are geomagnetically inactive.

In some cases the geomagnetic storms or disturbances are related both with CMPs of positive
plages and with flare occurrences. Only when there are not CMPs of positive plages associated with
the disturbance, can we consider the flare entirely responsible for the disturbance itself.

E. A1l the flares observed.as given in the Quarterly Bulletin on Solar Activity.
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The Events of August 14-September 20

Plages

The CMPs of recurrent and non-recurrent plages observed during this interval and thejr subdivi-
sion into positive and negative plages are presented in Table 1 and marked in Figure 1A.

The positive plages are 7 in number and are marked in Figure 1B.

Broken Tines relate the CMPs of positive plages with geomagnetic storms or disturbances
(Figures 1B-1C).

Flares

The data referring to importance 2 flares and importance 1 and S proton flares are presented in
Table 2. They are 9 in number and seven of them (two of which occurred in the same day) are followed
by geomagnetic disturbances.

These geomagnetically active flares are marked in Figure 1D.
Broken Tines relate the maxima of the flares with the maxima of the disturbances (Figures 1D-1C).
Conclusion

From Figure 1 it is seen that the geomagnetic storms and disturbances recorded during this inter-
val are related either to CMPs of recurrent positive plages or with flare occurrences.

Particularly we note:

1.) The moderate disturbance of September 1 (Kp max = 5) is entirely due to the importance 2
flare recorded on August 30 (time-lag of about 2 days), since no CMPs of positive plages
are correlated with the disturbance itself.

2.) The sc disturbance of August 31 and the storms of August 17 and September 18 are correlated
with the CMPs of the recurrent positive plages McMath Nos. 11487, 11475, 11532 respectively.

3.) The geomagnetic disturbance of September 5 (Kp max = 4+) is not preceded by any reported
flare for more than 3 days. It is correlated with the CMP of the recurrent positive plage
McMath No. 11499 rising in the western hemisphere. During its central meridian transit
this center of activity does not show chromospheric-photospheric phenomena, but appears
to be geomagnetically active. Thus we think it possible to identify this center as a
Bartels "M solar region”.

The results here obtained are in good agreement with those found in examining the solar and
geomagnetic phenomena recorded during the year 1968 [Ballario, 1970a] and in other selected intervals
[Ballario, 1969a, 1969b, 1970b, 1971, 1972].

REFERENCES

BALLARIO, M. C. 1969a On the special events of March 1966, Ann. Geophys., 25,
fasc. 1, 135-146.

BALLARIO, M. C. 1969b ThefIQSY 27-day recurrence sequence for 1964, Mem. SAIt.,
40, fasc. 3, 271-294.
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Geophys., 26, 459-473.
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Table 1
CPs of plages recorded during the interval Aug., 14 — Sept. 20, 1971
and their subdivision into positive and negative plages,
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Hc Math Data Aemarks
N - Characteristics (group typesfrom,

Lat. Hel, | icMath Return Fraunhofer Institut

long. | rplage of Age solar maps)

number | region

N14 36° 11471 Wew 1 non-rec. negative - -
NO7 35 | 11466 11425 2 recurrent " B groups in the prec.rot.
N3l 29 11476 Wew 1 non=-rec., 1 - -
S14 15 11474 Hew 1 rec. positive| Bastern A group
NO8 14 11473 11429 2 rec, negative | J groups in the prec.rot.
N1i7 T 11483 New 1 non—rec. " - -
NO4 T 11485 New 1 non—rec. " - -
S03 6 11481 New 1 non-rec. " - -
316 0 11472 11432 3 rec. " C groups in the prec.rot.
N14 350 11467 11433 4 rec. " By,J groups in prec.rot.
508 336 11475 | 11434 2 rec. positive | No spots
N48 336 11477 New 1 non-rec. negative - -
N15 315 11478 | 11438 3 rec, " Dy;C groups in the prec.rvot
N17 292 11480 11438 3 rec. " - -
312 269 11482 11445 2 rec. " Eastern E groups
s12 237 11484 11442 3 Tec. " Bastern C groups
NO9 216 11493 New 1 non-rec. " - -
NO6 195 11486 11447 2 rec. " C groups in the prec.rot.
816 193 11487 New 1 rec. Eositive+(a) A spots

N1l 146 11489 11465 2 rec. negative { C groups in the prec.rot.
S11 141 11490 11455 3 rec. " D sroups in the prec.rot.
N13 128 11491 11456 2 rec. " D groups in the prec.rot.
No3 128 11499 New 1 Trec. positive | Rising in the ¥ hemigph.
S06 119 11496 New 1 prob.rec. negative| Bastern C groups

S11 97 11492 11457 4 rec. " B groups in the prec.rot.
N17 97 11498 New 1 rec. positive | Bastern A,B groups

NO3 92 11495 New 1 non—-rec. negative - -

S14 82 11507 New 1 non-rec. " - -

w21 80 11494 11479 2 rec. " J groups in the prec.rot.
S19 79 11505 New 1 non-rec. " - -

N13 49 11512 New 1 non-rec. " - -

NO3 47 11500 New 1 non-rec. " - -

S09 43 11510 New 1 non-rec. L - -

w24 37 11502 New 1 non-rec. " - -

N11 34 11520 New 1 non-rec. " - -

N25 26 11513 New 1 non-rec. " - -

NO6 25 11517 New 1 non~rec, " - -

14 23 11508 New 1 non—rec. " - -

529 21 11503 New 1 non—-rec. u - -

S17 20 11504 11474 2 Trec. " C groups in the prec.rot.
N16 14 11501 11473 3 rec. " J groups in the prec.rot.
514 1 11506 New 1 rec. positive |Bastern B groups

Ni5 350 11509 11467 5 rec. negative |E groups in prec.rot.
NO3 336 11521 New 1 non—rec. " - -

312 333 11529 Hew 1 non-rec. " - -

N13 320 11511 New 1 rec. " Bastern J groups

527 318 11519 New 1 non—rec. " - -
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Table 1 continued

lic Hath Data Remarks
e | | lel.| iicMath | Return Characteristics (group types from
1971 aTe long. plage of Age Fraunhofer Institut
number | region solar maps)
Sept.
16.8 | 813 312 11522 New 1 non-rec. negative - -
17.1 s18 308 11526 Hew 1 non—rec. " - -
17.7 §O5 300 11532 New 1 rec. Eositive+(b) Rising in the ¥ hemisph
ig.e o1 294 11518 Hew 1 non~-rec. negative - -

4 | N4 291 11514 | 11480 4 rec. " Bastern C groups
19.4 NO5 278 11515 New 1 prob. rec. " Eastern J groups
16.6

¢ S13 275 11516 11482 3 rec, " Bastern E,D groups
+(a) Plage 11487 at L = 193¢ is recurrent with the negative plage 11531 at S15 and
L = 190%(see Mcilath footnotes in Solar Geophysical Data n® 327) CMP: Sept. 26.1
(D) Plage 11532 at L = 300° is recurrent with the positive plage 11553 at SO05 and
L = 305° (ses licMath footnotes in Solar Geophysical Data n° 327) CiP: Oct. 14.5

Table 2
Importance 2 flares and importance 1,5 proton flares observed during the
interval Aug. 14 ~ Sept. 20, 1971 (from Quarterly Bulletin on Solar Activity)

- s ] App. ) ) \

Date | Time ¥ax | Position | Iap. and Charac Joliath Proposed correlation between

1971 |U.m Uoiis Rt By Kp max, and flare max.

- tor coxrr. Region (time-lag of about 2 days)

aerea

Auzg.

21 0930 | 0936 | 095-258 | 1B 2.9 FIQUVW | 11482 | Kp max = 4+ on Aug. 23.1
0950 3.2

22 0730 0735 | 0953-11% 1B 2.9 FHKUWZ 11482 Geomagnetically inactive
0817 0752 3.0

23 0719 0727 | 105=~128 S 1.1 HU 11482 modzst Kp fluctuation
0743 1.1

30 0303 0332 | 128-87W 2F 1.9 - 11482 Kp max = 5 on Aug. 31.9
0410 -

Sept.

5 1323 1329 | 175~-05E SN 1.7 HO 11492 | Kp max = 4+ on Sept. 7.9

1405 1339 1.7

17 1400 | 1415 | 118-218 | 1B 2.6 FLU 11516
1525 1429 2.7 Modest Kp fluctuation

17 1544 1549 | 175-22E | 1B 2.1 HRU 11516
1610 2.3

18 1330 | 1338 | 03W-08% | SB 1.6 BUZ 11545 Kp max = 4 on Sept. 20.7
1410 1.6

19 1122 1132 | 108-04H SN 1.4 XU 11516 Geomagnetically inactive
1212 1.4
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