WORLD DATA CENTER A

for
Solar-Terrestrial Physics

REPORT UAG - 24

PART I

DATA ON SOLAR - GEOPHYSICAL ACTIVITY |
ASSOCIATED WITH THE MAJOR

GROUND LEVEL COSMIC RAY EVENTS
OF 24 JANUARY AND 1 SEPTEMBER 1971

w
TS

DECEMBER 1972








































































































































































































































































































































































































































































































































































































































































































































*Aousnbady DOULOLLUOW PUOIDS KuBAD 404 Ssjusuisunsesu dnoy-Jajzdenb jusoelpe
OM1 By} 40 dbedare sy3 pue (LWM.S/ S181)

1N GlEZ 3e onjea wU:u:.n_Em DYl USaM18q ddUaudSilL( ‘2 .m_.n_

ZHIN 09 (Oe] Ob

o¢
[ T T T

02

<><7/\<>

1N sigeg - JNIL
L6l NVl +2 - 31Va

"SSVIN “QYYNAVIA LV
SLININIYNSYIN NOILdHOSaY

4

ap

228



""Ionospheric Characteristics Associated with
the Solar Activity of January 24, 1971 at Manila"

by

J. J. Hennessey, S.J. and Florencio Rafael, Jr.
Manila Observatory
Manila, Philippines

Despite the well known vagaries of the F-region of the ionosphere, ionospheric characteristics
generally have a definite dependence on the elevation of the sun. These effects have a regularity in
their diurnal pattern which can be disrupted to a greater or less degree by unusual solar activity. The
extent of disruption by a solar flare should, in some way, be related to the local time of the event.

The solar event of 2309 UT, 24 January 1971 (0709 LT, 25 January 1971 at Manila) occurred about an
hour after sunrise. As this flare time corresponds to the start of the diurnal appearance of the regular
E-layer and the period of continued increase of the F-layer from its pre-dawn dip, the flare-induced
variations at Manila deserve consideration.

Since the F-region was not totally "blacked out" by the effects of the solar radiation on the lower
ionospheric regions the ionograms successively provide a description by implication of the changes in
the lower regions. Some notable features which appear and claim our attention in the F-region are:

a) post-flare variations in foF2; b) recovery of the F-layer; c) restoration of multiple echoes; d) bi-
furcation; e) hpF2 values. The E-region recovery is also informative of the lower ionosphere regions.

a) Post-flare variations in foF2, Fortunately during a few hours after this event ionograms
were taken at five-minute rather than the usual fifteen-minute intervals. For comparison of critical
frequency ¥F2 variations, the medians of the corresponding time values of three days before and three
days after were taken (See Fig. 1). Just before the start of the flare at 2309 UT there is the expected
agreement, The pre-dawn dips are quite comparable though the event day has a slightly lower value
occurring fifteen minutes later than the control day values. During the first hour a slight increase in
ionization density over that of the median becomes apparent. For example, at 2330 UT the flare day
value of this density is greater than the control day median by approximately 26 percent. A rapid
increase in the slope of the curve, of critical frequency versus time, is clearly noted. Just prior to
the start of the flare, i.e. at 2300 UT, the flare day value is 17 percent greater. By 0000 UT the
corresponding density values are close to one another,

Thereafter from 0000 to 0130 UT (25 January) the ionization densities show a definite increase
much beyond the corresponding values of any of the control days. There is an evident concentration
of additional electrons in the F2-layer, However the diurnal trend is maintained so that from 0130 uT
the F2 critical frequencies decrease in value to a low of 9.2 MHz an hour after local noon. A rise in
values follows in the next four hours to 12,5 MHz at 0900 UT.

In Summary then, the diurnal F2-layer trend is not greatly disrupted by this early daylight
flare. But the ionization density following the start of the flare rises to greater than normal values,
The time rate of drop, thereafter, is more rapid at its start from a higher value than those of the
control days, and at its end is at a much lower value, (See Fig. 1).

b) Recovery of the F-layer. The most noticeable feature of the ionograms after the start of
the flare is twofold: "the absence of usual radio noise (this does not affect numerical characteristics)
and the high f-min values. At 2332 UT the minimum frequency value for the F-trace was 5.4 MHz
taken from the polaroid and at 2337 UT from the film ionogram. (See Fig. 2)

A careful reading of minimum frequency values for the F-region at 5-minute intervals mani-
fests a general but not smooth decrease. At 2355 UT the f-min was 5. 6 MHz, i.e, 0.6 MHz greater
than the f-min on the previous record. By 25/0215 UT with the appearance of the definite E-layer the
f-min, now being in the E-region, further decreases. By 0645 UT the f-min values have decreased
to frequencies comparable with those of the control days.
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c) Restoration of Multiple Echoes in the F-region. The existence of multiple echoes of the
F-trace is an indication that lower regions do not completely absorb or totally reflect the radiated
energy. Hence this vertical incidence energy at high frequencies passes through the lower regions
several times. Before the solar event, at 21}/2301 UT at least three multiple echoes can be seen on
the expanded scale record. Other records show multiple echoes, i.e. at 2300 UT on regular gain two
additional echoes appear. Quite interestingly the 2315 UT ionogram still shows two multiple echoes
indicating that the X-rays have not yet adequately ionized the D- and E-regions for absorption. The
next ionogram at 2337 UT shows no multiple echo but high absorption. Only at 25/0120 UT does a
weak multiple echo occur at twice the virtual height of the regular F-trace. A study of the next eight
ionograms taken atfive minute intervals shows variation: for example, the multiple echo at 0125 UT
is weaker than the one at 0120 UT. (The diurnal gain setting of the ionosonde recorder remained the
same during this period,) A weaker multiple trace has a shorter frequency range. The 0135 UT and
0140 UT records manifest multiples extending to higher frequencies but not as high as foF2, This
restoration of multiple echoes for the F-region gives evidence that the lower ionosphere does not lose
its ionization linearly with time during the recovery period.

d) Bifurcation of the F-layer. After the event starts in the ionosphere only the highest fre-
quencies of the F'-region appear on the ionograms. At 2337 UT frequencies from 5.4 MHz to 9, 0 MHz
can be seen. As early as 25/0040 UT the F1 layer shows indistinetly but is missing on subsequent iono-
grams for 25 minutes., At 25/0130 UT the F2 layer is fully formed and the F1 layer comes in but in an
"L condition preventing a definite foFl value. So the F-region is stratified but not sharply so.

By 0159 UT the F'l trace is formed and at its low frequency end shows a descent in virtual
height with increase in frequency. This is due to E-region retardation, The ionosonde is now able to
expose the full F-trace.

e) hpF2 values. In the hour before the flare hpF2 was lower than the corresponding control
day median but not lower than the values on particular days. About four hours after the flare the hpF2
values exceed those on any of the control days. Due to retardation this F2 layer seems to depart from
a parabolic layer.

The E-region recovery, Six minutes (2315 UT) after the start of the flare the E-region (on an
otherwise complete ionogram) appears to show a slightly higher {-min than that for corresponding
control days. This may be transitional in the formation of the D-region. Immediately subsequent
ionograms show values for f-min of 5.4 MHz (See Table I) with a gradual restoration of the E-layer over

Table I. Recovery Times

Appearance Time Time After Appearance Time  Time After Time f-min
of (UT) 2309 of (UT) 2309 . (U'T) (MHz)

F1 layer 0040 1h 31m E layer 0140 2h 31lm 2300 1.8

F1 reap- 2315 2.1

0105 1h 5

pearance h 56m Es type h 0201 2h 52m 2337 5 4

Fl complete 0159 3h 50m Es type 1 0230 3h 20m 0215 3.5

F-11/2 0330 4h 21m Es type ¢ 0359 4h 52m 0645 2.1

a six hour period. The normal E-layer appears but very faintly at 0140 UT and disappears at 0155 UT.
At 0215 UT it grows stronger and remains throughout the day. From 0201 the sporadic E appears and
types h, 1 and c are manifest during the next two hours. These times and conditions indicate how the
D-region has affected the higher E-region.
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Mid-Latitude Total Electron Content during Cosmic Ray Event January 25-26, 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 ionospheric 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 Tower layers contribute
a negligible amount to the total. The equivalent vertical TEC values for January 25-26, 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 January 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.
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EQUIVALENT VERTICAL TOTAL ELECTRON CONTENT OBSERVED FROM SAGAMORE HILL,

HAMILTON, MASS.
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Polar Cap Disturbance of January 24, 1971, Observed on the Phase of VLF Waves

by

Y. Hakura
Radio Research Laboratories
Koganei, Tokyo, Japan

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'E).
Among them, transpoiar VLF waves provide a very sensitive method of detecting solar proton events
at the middle Tatitude [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 greater than 10 Mev [Solar-Geophysical Data,
December, 1971], phase deviations in the NAA and GBR signals from their calm levels, and geomagnetic
Kp indices on January 22 through February 4, 1971. A major polar cap disturbance started at about
2340 UT on January 24, in association with the solar proton event observed by the satellite
Explorer 41. The Kp-associated phase deviations are also seen. Occurrence times of optical, radio,
and x-ray flares, associated sudden phase anomalies SPAs, polar cap disturbances PCDs and proton
event are shown in Table 1.
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Table 1

SPA's and PCD's observed at Inubo and related solar-terrestrial events of January 24, 1971

. : Ph deviati
Event Start time Max. time End ! Im;:ftarf:el? Z(;n’ or
' Flux
i i
NAA-17,8 kHz 24/2308 2327 2336D - e7°
SPA , .
WWVL~20.0 kHz 2310 2341 0123 ; 126
Optical flare ( N18, W49 in 2215 2331 0020 : 3B
McMath plage region 11128) :
§ -1 -2, -1
Radio burst at 3750 MHz 2303 2324 2355 P 3.45x107 w m~Hz
( Toyokawa )
- -1
X-ray (1-8 b ) burst 2304E 2347 0953 0.49 erg cm 2sec
Explorer 37
NAA-17,8 kHz 24/2338  25/0312 01/ 22 261°
PCD
GBR-16,0 kHz 2341 0444 15 195°
Solar | Explorer 41 ( E>30 Mev) 2400E o7 03 408 cnr1-2sec.—1 ste:r'“1
proton (E>10 Mev) 2400E 14 17 1152
ATS 1 (20 - 40 Mev ) 2340
Neutron monitor (De_ep 2340 0010 12 % above background
River)
D = after
E = before
REFERENCES
NAKAJIMA, T., 1970 ResuTts of special observations for the Proton Flare
T. ISHII, Project 1969: Polar cap disturbance of June 7, 1969,
K TSUCHIYA, observed on the phase of VLF waves, J. Radio Res. Labs.,
A. SAKURAZAWA and Japan, 17, 49-54,
Y. HAKURA o
1971 solar-Geophysical Data, 328 Part II, Uecemver 1971,

U.S. Department of Commerce, (Boulder, Colorado,
U.S.A. 80302), 68-79.
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The Effects of 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
Univeristy of Leicester
Leicester, U. K.

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

disturbance 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)
NAA 17.8 4900
Trinidad 12.0 7200

The NAA-Leicester path lies between geomagnetic Tatitudes (@) of 55° to 60°, while ( ®) is
less than 40° for about half the Trinidad-Leicester path and hence charged particle effects might be
expected to have the least influence on the signals for this circuit.

The Disturbance of January-February 1971

Figure 1 shows the observed phase path variations for the period 24 January - 13 February 1971,
together with other relevant data taken from the NOAA Bulletins of ."Solar-Geophysical Data". A marked
disturbance occurs on the NAA phase, the effect being Targer at night than by day so that the
amplitude of the diurnal phase variation is considerably reduced. The initial effect commences with
the onset of enhanced proton flux, producing a phase advance of about 0.15 ) on the nights of 25-26
and 26-27 January. The transmitter was off from 1400 to 1800 UT on 25 and 26 January so that the
effect on the daytime phase is uncertain, but appears to be very small. The major effect is asso-
ciated with the occurrence of the magnetic storm having sudden commencement at 0430 UT on 27 Jan-
uary. The daytime phase is advanced by up to 0.2  on 27 January, while the night-time phase
advance is almost 0.5 » on the night of 27-28, when there are also marked phase fluctuations. The
overall effect at night is substantially the same until 30-31 January, and then a slow recovery
begins which is not complete until at Teast 9 February, long after the disappearance of the magnetic
disturbance. The maximum daytime phase advance of about 0.25 ) does not occur until 30 January at
the earliest (phase advance due to enhanced solar x-radiation makes the daytime effect uncertain),
while recovery is complete by 8 February.

The effects on the Trinidad phase appear to be very similar to those for NAA, though as expected
they are smaller. There is 1ittle or no change immediately following the increase in proton flux,
but the sudden commencement is followed by an advance in both night-time and day-time phase. This
effect is more marked at night (maximum 0.2 A on 27-28 January) and again recovering more slowly
than the disturbance in the magnetic field. Unfortunately there is a gap in the data between 3 and
8 February so that the recovery time is uncertain, but recovery is probably complete earlier than for
NAA.

Discussion

The effects of the disturbance of January-February 1971 are very similar to those obtained for
the same paths in March 1970 [Jones, 1971], although that event probably did not extend to such Tow
latitudes since the perturbation of the Trinidad phase was smaller. There are separate effects due
to the initial solar proton event and to the arrival of the Tower energy plasma associated with the
sudden commencement magnetic storm, and the well known “storm after-effect” is also present. Simi-
lar behavior is seen on other high and medium latitude Tong path records, e.g. (i) the October-
November 1968 event on NSS-Leicester [Jones, 1970]; (i1) the same event for NPG (now NLK), Hawaii and
Trinidad-Troms¢ [Larsen, 1970]; (iii) the February 1965 event on NPG-Farnborough [Belrose, 1968].

The reason for the after-effect is not yet understood. The most obvious possibility is the con-
tinued precipitation of charged particles into the atmosphere. Lauter and Knuth {19677 have proposed
steady leakage of high energy electrons from the outer radiation belt which has been over-filled by
the solar plasma during the strong compression of the earth's field. Alternatively, a change in
atmospheric structure has been suggested by Belrose [1964], the change in composition occurrring at
auroral latitudes at the time of the storm and the delayed effect arising because of the time of
travel to mid-latitudes. Yet another explanation of delayed effects has been proposed by Volland
[1967] in terms of heat conduction waves originating in the magnetosphere.

237




WAVELENGTHS

WAVELENGTHS

PARTICLES CM~2sEc™! PARTICLES cM™2sEc™!

°

Q
<

O

@ 12 kHz TRINIDAD — LEICESTER

no data

e}

OS <

24,25 26 27

%8 20 30 31 | 7 8 9 10 1l

@@ 5-21 Mev PROTONS

[
o

0™ -

A\ v i

@ 21-70 Mev PROTONS

"W'W\’\Mtﬂ,‘*-\'vm- .

[ ]
2

26 27 2829 3031 | 2 3 4 5 6 7 8 9 0l
FEBRUARY

JANUARY

Figl. DATA FOR THE JANUARY- FEBRUARY 97| EVENT.(@ and (b VLF PHASE;
@ and @ ATS-1SOLAR PROTON FLUX.

24 25
© Kp;

238




BELROSE, J. S.

BELROSE, J. S.

JONES, T. B.

JONES, T. B.

LARSEN, T. R.

LAUTER, E. A. and
R. KNUTH

VOLLAND, H.

1964

1968

1970

1971

1970

1967

1967

1971

REFERENCES

The Oblique Reflection of Low Frequency Radio Waves from
the Ionosphere, AGARDograph 74: Propagation of Radio
Waves at Frequencies below 300 kc/s, (Ed. W. T. BLACKBAND,
Pergamon Press), 149,

Low and Very Low Frequency Radio Wave Propagation, AGARD
Lecture Series 29, Radio Wave Propagation, IV-25.

Long Path VLF Observations of the Ionospheric Disturbances
Resulting from the Solar Proton Event of October-November
1968, World Data Center A, Upper Atmosphere Geophysics,

Report UAG-8, 282.

VLF Radiowave Observations of Ionospheric Disturbances
during the Period 4-18th March, 1970, World Data Center A,
Upper Atmosphere Geophysics, Report UAG-12, 247.

VLF Phase and Amplitude Measurement during the PCA Event
October 31-November 6, 1968, World Data Center A, Upper
Atmosphere Geophysics, Report UAG-8, 279.

Particle precipitation at medium latitudes after magnetic
storms, J. Atmosph. Terr. Phys., 29, 411.

Heat Conduction Waves in the Upper Atmosphere, J. Geophys.
Res., 72, 2831.

Solar-Geophysical Data, 318 Part I, February 1971;
319 Part I, March 1971; 320 Part I, April 1971, U.S.
Department of Commerce, (Boulder, Colorado, U.S.A.
80302).

239




Tonospheric Effects from Solar Particles during January 24 - February 3, 1971

by

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

Introduction

There exist two different types of influence of solar particles on the ionosphere during solar
flare activity. The first type is determined by high energy particles of dozens of Mev energy or
even more. In the case of more powerful flares even relativistic solar cosmic rays are generated
with energy in the Bev range as is the case of January 24, 1971. This influence usually coincides
with SID effects of solar electromagnetic radiation and involves the ionosphere at all latitudes.
Shortly after these arrive, the main flux of Mev particles and the well-known PCA phenomena begin.

Usually about two days after that, further disturbances arise as a result of the soft particle
emission during the flare. This second type of event is comparatively Tong-lived and often results
in {onospheric and geomagnetic storm activity. Normally this second type effect is much more fre-
quent ~ the soft energy particles result from almost every powerful flare. Only the important flares
~generate high energy particles; relativistic cosmic rays are generally rarely generated.

The ground-Tevel cosmic ray increase on January 24, 1971 was caused by high energy solar particies
and relativistic solar cosmic rays, while on January 27 a geomagnetic storm accompanied by particle
precipitation occurred, i.e. during the studied period January 24 - February 3, 1971 are clearly
demonstrated all types of influences of the solar particles on the jonosphere. Furthermore, the
main effect takes place during the night of January 24 - 25 when the influence of the electromagnetic
solar radiation is absent. It should be emphasized that the solar cosmic ray effect we investigated
on May 4, 1960, which took place at Tocal noontime, required the separation of SID contributions from
the effect of the particies [Nestorov and Velinov, 1966]. That is why the investigation of the solar
particle influence on January 24 under purely night conditions is especially of interest to us. For
this purpose in this paper we shall present the radio wave observations about this effect and about
the period after it, as well as certain qualitative and quantitative interpretations of the corre-
sponding complex of phenomena.

Solar Cosmic Ray and High Energy Particle Effects on the Low Ionosphere

The sudden increase of the cosmic ray flux on January 24, 1971, 2330 UT observed by a number of
stations [Solar-Geophysical Data] was attended by ionospheric anomalies in the middle geomagnetic
Tatitudes. At the Ionospheric Observatory Sofia (42.6°N, 23.4°E) various effects in the range of
long, medium and short radio waves were recorded.

In the night of January 24 - 25 was observed a great increase of the absorption of the frequency
164 kHz, path length 1720 km. The height of the signal reflection in the night is h<90 km, while
the equivalent frequency fj = f cos 1 = 25 kHz (i.e. the path can be related to the conditions of
propagation of VLF; "i" is the angle of incidence). As can be shown by the Tower part of Figure 1
the excessive absorption AL starts somewhat before 2200 UT on January 24 while at the maximum cosmic
ray flux (around 2400 UT) it reaches 15 dB. The time course of the absorption Lisy 1S shown by a
heavy line and dots while the signal fluctuations as the result of the polarizing and interferential
fading are marked by vertical dotted lines. The course of the monthly median values Lpoq 1S shown
by small circles and dashes. In the upper part of Figure 1 is shown the time course of the cosmic
ray flux of the Deep River Neutron Monitor E501ar-Geophysical Data]. It can be seen that the absorp-
tion anomaly reaches its maximum about two hours after the cosmic ray flux. The anomaly ends shortly
after 0400 UT.

The sudden and_considerable increase of the absorption on 164 kHz on January 24 - 25, 11971, is
due to the excessive nondeviating absorption in the cosmic ray layer as a result of the increase of
the primary cosmic ray flux after 2330 UT on January 24. The additional absorption is a measure for
the increase of the electron production rate in CR layer [Nestorov and Velinov, 1966]. Since the
ionjzation can be obtained in an independent way by the increased cosmic radiation, a possibility
opens up for a comparison of the calculated results by an ionospheric as well as by a direct method.

Under the influence of the relativistic solar cosmic rays arising as an additional ionizing
source in the night CR layer, the electron production rate g will increase by 8q. The relative var-
iation 8q/q can be determined by the data of the variation of the nondeviating absorption of the
radio waves SL/L passing through the night CR ltayer and reflected by the higher situated E~Jayer
[Velinov, 1968 &nd 1971]:
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3-4(4)

where L is the mean absorption in the quiet period (in our case we take the median values of L), SL
is the change of the absorption from the level of the median values.

On the other hand §q/q could be calculated according to the equation of the variation of the
electron production rate of the height of h:

(=<}

ég(n) - 62(2).- 8Re Wg(R) +.A:' wq(R) 52(2) dR (2)

o

where Sp/p and én/n are relative variations of the atmospheric density and differential spectrum of
primary cosmic rays, respectively; SR, is the change of geomagnetic cutoff rigidity; W (R§ is the
coefficient relating the variation of 6q/q to 6R., and to f(én/n)dR. If 8q/q is measured in percent-
age, and Re in BY, then Wq(R) is measure in % BY~!. The analytical aspect of Wg(R) is found by
Velinov [1571]:

Wg(R) = Y=L (3)

q

-—N

24-251.1971 Deep River corr. Nedtron Monitor

H5r

LdB

i 24-25 11971 Softa  ABsorption 164 kiz Pyotons

Fig. 1. The variations of the cosmic rays, high energy protons
and absorption 164 kHz during the night of January 24 -
25, 1971.
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where y = 2.5 is the power of the differential spectrum of cosmic rays n(R) = KR™Y. Equation (2) is

analogous to the equation for the CR intensity variation [Dorman, 1963]. In accordance with
equation (2) the electron production rate variations may be divided into three classes corresponding
to the three classes of CR variations: I Class - variations of the atmospheric density, II Class -
geomagnetic variations and III Class - variations of the primary cosmic rays. The III Class is the
biggest and most important and interesting class of variations which are of extraterrestrial origin.
They are connected with the change of the energetic spectrum far from the Earth. In our case of
January 24 - 25, the penetration of the relativistic solar cosmic rays has been attended by moderate
geomagnetic disturbances as the 3-hour Kp index reaches the value 3 - 4. This shows that all the
terms of the equation (2) must be taken into account.

First of all we shall determine the Class III variations, starting with the increase of cosmic
ray intensity and apply the method of connecting coefficients [Dorman, 1963]. For this purpose we
shall make use of the neutron component of the cosmic rays recorded at stations with geomagnetic
cutoff rigidity R close to cutoff in the reflection point of the signal 164 kHz, where R, = 5 BV:

Pic-du-Midi RC = 5.6 BY, SNn/Np, = 2%
Dallas Re = 4.35 BY, GNn/Nn =~ 1.3%
From these data by means of the equation:
SN ®
“no_ sn(R)
Nn ~_[ WCR(R) “nRY dr (4)
c

(Wep is the connecting coefficient between the primary and the secondary cosmic ray variations) may
be determined the function 8n(R)/n(R) which substituted in equation (2) gives the Class III variations

Taking into consideratjon the moderate geomagnetic disturbance in which the 3 hour Kp index
reaches Kp = 3 - 4 (i.e. AH = 50 y) can be determined the Class II variation [Velinov, 1971]:

(6q/q)yy = 0.04

For Class I variation we have no data but there are certain facts about the growing density of
the atmosphere p so that we can obtain for the total variation

(8a/q); = 0.2

This value, however, gives an insufficient explanation of the ionospheric disturbances on January
24 - 25, Thus, for instance, on January 25, 0000 UT L = 9 dB, AL = 10 dB, whence according to (1)

8q/q = 3.4
and after 2 - 3 hours is reached the value of
8q/q = 10,

i.e. the relativistic solar cosmic rays lack a flux of about 2 orders, in order to explain the ob-
served ionospheric effect. That is why we should expect the existence of another more powerful
source of ionization in the high atmosphere at a height below 90-100 km. As such, high energy solar
particles of over 20 Mev can be attracted, which arrive a short time after the relativistic solar
cosmic rays resulting in PCA phenomena. Actually in the interval 0000-0600 UT og Janga?y 25 from
ATS-1 (1966-110 A) are observed hourly average fluxes of 102 - 5x10% protons cm*sec” in the energy
range 21 - 70 Mev, from Explorer 41 (1969-53 A) are observed 2.5x10° protons cm-?sec” w1Fh E>30 Mgv
and 5x10% protons cm~?sec-! with E>60 Mev. Similar Vela proton counters showed 2640 particles cm”
sec~! with E>25 Mev [Solar-Geophysical Data]. The main problem is how a part of these particles

has been able to penetrate as far as the middle latitude ionosphere where the geomagnetic threshold
is large. The estimates of Velinov [1966, 1968 and 1970] show that for an explanation of the exper-
imentally obtained 8q/q = 10 it is sufficient for 1 proton cm~2sec™! with E:ZZQ Mev to penetrate to
this region. Perhaps the geomagnetic disturbance Kp = 3 - 4, with the whole night of January 25
reaching tKp = 14, was a factor causing a very small part (0.03 - 0.3%) of the main solar particle
flux to be precipitated at middle latitudes, thus causing the PCA event.
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In confirmation of this the following facts are noted: a.) the comparison of the absorption
course Lygy (Figure 1) with that of the flux of protons 21 - 70 Mey, observed at ATS-1, shows a
certain correspondence between the two courses; b.) the large fluctuations in the field strength
are characteristic of the penetration of the high energy proton fluxes; c.) the absence of an jono-
spheric effect on January 25 - 26 while the powerful PCA event continued (ATS-1 recorded in 21 -

70 Mev range a maximum flux of 845 protons cm-2sec-1) but geomagnetic disturbance is absent -

Kp = 0 - 1, and during the whole night 'ZKp = 4. Thus on January 25 - 26 there has been no precipi-
tation of high energy particles. The effect under discussion expresses the PCA influence on the
middle latitudes. Naturally the low and middle latitude PCA influence should be verified by some
other special cases in the Sun-Earth space.

Effects in the Middle and Low Ionosphere during January 23 - February 3

The absorption time course of 155 kHz (path Tength 380 km), 164 kHz and 593 kHz (path Tength
140 km) during the period of January 23 - February 3, 1971 is shown in Figure 2. In the same Figure
the course of the geomagnetic index Ap for the same period is indicated by small circles and dotted
Tines.

The observed ionospheric effect schematically expressed in Figures 1 and 2 compared with results
of previous investigations gives ground for the following qualitative geophysical interpretation§.
The time variations of the absorption shown in Figure 2 for three frequencies reflect the fonization
conditions of the region 80 to 120 km in the given period.

Sofia, 831-32.19m
db
Lﬂ,m
- 20
~+ 15
49
-1
e B i Bl R | T | —] L5
23 25 27 29 A1 221

Fig. 2. The variation of the absorption of different
frequencies during the period January 23 -
February 3.
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From previous investigation [Nestorov and Velinov, 1968; Nestorov, 1969] it is known that during
the time of geomagnetic disturbances or storms (ssc) about two days after the disturbance maximum,
the night absorption 593 kHz considerably increases. A smaller maximum of L is obtained in the ssc
night. The case under consideration presents a similar picture. A normal maximum of Lsgs is ob-
tained on January 27 while a secondary large increase of Lsgs is reached two days after the maximum
of Ap, i.e. on January 30. The increase of AL over the monthly median is the measure of the increased
ﬁlectron production rate in the range 85 - 120 km and for the flux of soft particles also at these
eights.

It is easily observable that the absorption course Ligy after January 27 is opposite to Lsgs.
This is in accord with _the previous results about the behavior of the night absorption Liey after
geomagnetic anomalies [Nestorov, 1972a, b]. The increase of Lis, on January 24 - 25 as already ex-
plained is connected with the increased high energy particle flux during the same time.

On the contrary in the course of Liss no essential changes can be observed which corresponds to
the normal behavior of the night absorption on this path for the period of 15 years [Nestorov, 1969
and 1970]. Only in exceptional cases after geomagnetic storms the absorption Liss partially de-
creases. The complex of the observations of the absorption of various equivalent frequencies (25.75
and 480 kHz) on the indicated paths outlines the following physical state of the mesosphere and Tow
thermosphere in the given period.

The sudden increase of cosmic rays on January 24 - 25 is due to the powerful solar flare on
Janvary 24 starting at 2310 UT. This flare is connected with the generation of particles in all
energy ranges including plasma, which is indicated by the geomagnetic storm on January 27 at 0430 UT.
The influx of energy particles in the high atmosphere at the height of 80 - 120 km adds to the in-
crease of the electronic concentration at this range of height and to the increase of the absorption
of waves crossing the same region {Lsss on January 30). The height of the signal reflection Lses
during the night is about 120 km. The increased electronic concentration in the Tayer is followed
by an increase of its gradient, which decreases the deviation and the total absorption of the signal
164 kHz (Liss on January 29 - 30). Between these two L curves out of phase there must exist a fre-
qguency under which the signal will neither increase nor decrease; actually a compensation effect of
the frequency is observed (f; = 75 kHz, the signal 155 kHz in the night is reflected at the height of
about 95 km).

Although at present there does not exist a generally accepted theory of the role of the fluxes
of charged particles in the jonization of night E-Tayer, certain estimations of the effects in the
studied period will be given on the basis of the method of Velinov [1969]. Suppose the particle
flux I dissipates its energy between the heights h; and h, (in our case about 80 - 120 km). It would
cause an additional electron production rate Ag connected with the corresponding additional absorption
AL by means of equation (1) as

1= Ahohy) 4 (5)
K
Q = 30 ev is the energy required for 1 electron ion pair; Ex is the energy of the particles (if they
are of different energies, instead of Ey must be substitute EK,eff*depend1ng on the §pectrum of the
particles). The factor 2 takes into account that the particles equally dissipate their energy in the
ionization and excitation of the atmospheric components.
From Figure 2 can be seen that

L27.1 ~ 19,5 dB and Lgo_l =~ 23 dB,
but since the median value for January is Lmed = 16 dB

AL27.1 ~ 3,5 dB and ALao.l ~ 7 dB
by means of equation (1) is obtained

(2q/9)27.1 = 0.5 and (aq/q)so,2 = 1.1
In the studied height interval in the night a medium electron concentration can be accepted gndgr
quiet conditions N = 10° cm™® and an effective recombination coefficient ag = 3x10-7 cm’sec-', i.e.
q = 0.3 ecm™%sec™!. Therefore as additional electron production rate on January 27 and 30, we receive

Agz7.1 = 0.15 cm~®sec~? and Aqsq,1 = 0.3 cm~®sec™?,
while for the necessary proton flux with E = 300 kev
K,eff
I = (1 - 2)x10?% protons cm~2?sec-? (6a)
is obtained. In case electrons precipitate with E, .. = 40 kev, equation (5) gives
E]
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I =(0.75 - 1.5)x10% electrons cm-2sec-l. (6b)

Factually the values (6) represent the number of particles with pitch angle in the cone of losses &, .
The total number of particles can be determined when in the denominator of equation (5) is substitu%ed

also the function 91 n/2
k(a) =/ sino‘”e_ d,e/[ sin®lg ge
0 0

as the parameter o determines the kind of the distribution of the particles, For latitudes Ay = 41°,
Bulgaria, ‘the parameter of McIlwain is 1.8, but in a = 0 - 2 the function k(o) = 6x10-2 - 5x18-3.

Ionospheric Effect in the F2-Layer

In addition to the described physical condition of the night ionosphere it is suitable to show
the behavior of the F2-Tayer observed at a fixed frequency f = 7.67 MHz during the same time period.
The necessarg time variation of At for the evolution of the F2-1ayer from sunrise to the level
N = 7x10° cm® required for the reflection of the signal, under a quasi-vertical incidence path Tength
of 12 km, together with the variation of the Ap index and the velocity of the solar wind [Solar-
Geophysical Data] are given in Figure 3. From Nestorov [1972¢c, d] it is known that during geomagnetic
storms At considerably increases while in certain cases reflection is absent during the whole day”

hich shows that foF2 < f. In the studied case the maximum At is later than the maximum of Ap and
by one day. This is the usual rélaxation of At in the presence of an ssc. The good correlation of
V with At is of interest which indicates the considerable influence of the solar wind on the anoma-
Tous state of the F2-Tayer.

7,67 MHz /12 km
Sofia
km
Ap V f At min
1”TW$ 60

0.

. 'Y'—_‘r”“T""‘[*—f—Tﬁ—‘]J”
23 5 8 #1227

200 ——— -

Fig. 3. Relation between solar wind velocity, the time
of delay At of the F2-layer and geomagnetic

index Ap.
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7. AURORA

The Auroral-Zone Effects of January 24 Event over Cola Peninsula

by

B. E. Brunelli, L. S. Evlashin, S. I. Isaev, L. L. Lazutin,
G. A, Loginov, G. A. Petrova, V. K. Roldugin, N. V. Shuigina,
G. V. Starkov, G. F. Totunova, and E. V. Vasheniuk
Polar Geophysical Institute, Academy of Sciences of USSR,
Apatity, Murmansk Region, USSR

Description of the 24-27 January event is given here using the same set of stations, observational
technique and the manner of presentation as in our previous report [Brunelli et al., 1971]. The
development of the January 24 proton event as seen from our data begins with the neutron monitor cos-
mic ray intensity increase, related to a 15-minute period, at 2330 UT. At 0600 UT January 25 the
gradual increase of the riometer absorption began at Loparskaya, following the changing of the Tumin-
osity condition of the D-region of the ionosphere and revealing all other features typical for a PCA.
This type of absorption was observed for two days with no appreciable geomagnetic effects. 53 hours
after the beginning of the cosmic ray burst the magnetic storm began with the sudden commencement,
accompanied by auroral absorption and intense aurora.

Figure 1 presents hourly values of the Apatity neutron monitor data. The solar cosmic ray burst
has an amplitude of 15% and was preceded by a prolonged (5 days) but moderate (v3%) decrease of
intensity and followed by a rather Targe (v7%) Forbush decrease simultaneous with the magnetic storm.
From January 25 to 27 eight flights of radiosondes with single G-M counters as detectors were pro-
vided. During the ascent time of the flights the absorption spectra of the solar protons was measured
and recalculated into energy spectra. Summary time of a measurement varied from 20 minutes to one
hour. Temporal features of solar proton events are presented in Figure 2 where NM measurements during
first few hours are combined with balloon measurements (>150 Mev level) provided later. The same
spectra are shown in Figure 3. Figure 4-6 present the time history of the January event based on
the data of ionosonde operations in Murmansk and also riometers with frequency 9 and 25 MHz, magneto-
meter, photometer and patrol spectrograph at Loparskaya.
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Fig. 1. Corrected hourly values of neutron monitor counting rate, Apatity, January 20-30,

Before the‘cosmic ray burst on January 24 moderate activity appeared at 1730 UT in the sporadic
E-Tayer with fairly large blanketing frequencies and magnetic disturbance with sc at 1930 UT. The
Increase of luminosity and absorption began 5 minutes later and developed within an hour into a
strong magnetic bay with aurora and rather large absorption. Immediately after the burst a new dis-
turbance was registered by all the observational devices except the all-sky cameras which did not
operate because of the bad weather. At 0445 and 0515 UT the ionosonde showed a black-out condition
caused by the decreasing of foF2 falling below fairly high fmin.
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Fig. 5. The same as Fig, 4, January 25-26,

At 0640 UT the increase of the riometer absorption revealed all the features of a PCA: gradual
change of absorption value, large day to night ratio (7 for the first day and 3.5 for the second one)},
day-time recovery well—defined on January 26, 1000 UT (Figure 5). Some unusual peculiarities are
marked in the behavior of absorption in evening hours on January 26. The decrease connected with the
transition to the night time conditions occurs rather fast. At 1400-1500 UT absorption passes through
the minimum and then through a rather broad maximum. The time of minimum coincides with the positive
magnetic disturbance. The deflection of absorption from the normal variation may be attributed to
the change of cut-off rigidity or in other words the position of the boundary of the region of part-
icle penetration into the polar cap. PCA values on January 26 were rather weak and decreased to zero
near 1400 UT. The ionosonde on this day registered the signals from the F-Tlayer despite the increased
minimum frequencies. Behavior of the F-region did not differ significantly from usual.

Associated with the proton event a Jarge magnetic storm took place on January 27 and 28 (Figure 6)
with sudden commencement near 0430 UT January 27. First auroral disturbances began at 0700 UT as an
absorption increase and positive magnetic bay. Second positive bay and associated black-out began at
1230 UT. During this bay in the twilight the all-sky camera shows aurora on the northern half of the
sky. The following is the description of the development of geomagnetic activity and aurora during
this night: Figures 7(1) - 7(12) present some key points., At 1515 UT there appeared a westward
traveling (with velocity about 2.5 km/sec) loop opened to the east. Two successive Tlocations of that
are given in Figure 7(1). Between 1524-1527 UT a similar but less intense loop passed over Loparskaya
(Figure 7(2)). This figure does not show other aurora located equatorward of the loop. Rather bright
ray-structured arcs were also seen. Between 1541-1548 UT (Figure 7(3)) a new loop opened to the west
appeared in the northern part of the sky. The positive magnetic disturbance, as was mentioned above,
began near 1230 UT. The brightening of the aurora and the appearance of Toops coincided with the
negative magnetic bay superposed on the positive one. The behavior of aurora and geomagnetic field
at this first phase of the storm (1515-1548 UT) {s typical for the evening sector of an auroral oval:
twice (Figures 7(1) and 7(2)) the northern part of the surge [Akasofu, 1968] passed over the Cola
Peninsula moving slowly polewards, faster from the midnight sector of the auroral oval to the evening
one. Figure 7(3) shows the southern part of the surge; the character of magnetic variation (negative
bay over positive one) also corresponds to the passing surge [Akasofu, 1968].

At 1600 UT the luminosity of auroral forms decreased because of the shifting of aurora northward
and southward from the zenith. The Targest Tuminosity is observed near the southern horizon. At
1635 UT (Figure 6; 7(4)) the all-sky background Tuminosity suddenly increased. This increase is
followed by the generation of a homogeneous arc drifting southward. At 1700-1850 UT (Figure 7(5)) the
auroral form is seen mostly only near the south horizon.
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Fig. 6. The same as Fig, 4, but with changed scale values and additional ascaplot, Janu-
ary 27-28.

A southward location of the aurora indicates the development of a strong ring current. The
magnetic field at this time is nearly normal. This does not exclude, however, the possibility that
the decrease connected with the ring current is approximately equal to the increase of the field
connected with the positive bay. The division of the zone into two separate ones near 1600 UT may be
connected with an increase of the ring current. At 1845 UT the equatorial arc brightened. At 1851
UT (Figure 7(6)) began the poleward movement of the arc. There was a burst on the riometer and photom-
eter and a decrease of H down to -230 y. From this moment to the end of the storm-the H value is
always negative. At 1915 UT (Figure 7(7) - 7(9)) the strongest substorm began with an absorption value
of 7 dB at 25 MHz with a sharp burst on the photometer, Targer background and fast poleward movement
of twisted rayed arcs. The poleward aurora boundary went out of sight. Between 2130-2250 UT aurora
went to the southern part of the sky and the background disappeared.
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Aurora maps for January 27-28. The position of homogeneous and rayed arcs is
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the all-sky camera. The peculiarities near border of frame are given by dashed
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The trigger disturbance appearing at 1851 UT before the main substorm seems interesting. In
spite of a small amplitude this disturbance showed all the important features of a substorm. In the
main disturbance it is unusual that the Tuminosity and absorption rates differ from the magnetic
field one: a sharp increase of Tuminosity has no associated change in the magnetic field; the winimum
of the magnetic field occurs at 2040 UT, i.e. deTayed more than an hour as compared with the Tuminosity
burst. At 2300-0200 UT January 28 occurs a number of bursts with poleward expansions and increases
of the background. The burst with the clearest northern boundary formed by cne arc or by the system
of arcs is shown in Figures 7(10) - 7(12). Between 0300-0500 UT appeared auroral spots accompanied by
irregular pulsations of brightness with a period near 10 seconds (P1-1). These spots gradually
shifted to the north horizon and their brightness decreased. Pi-2 pulsations also took place during
this night, especially at 1948, 2254 and 0224 UT. The appearance of the spots and pulsations in the
morning hours is typical for strong disturbances.

The above considered magnetic storm occurred after the solar proton burst, in spite of the exis-
tence of some individual peculiarities, it has all the characteristic features of a strong magnetic
storm. The geophysical disturbances are observed at different tongitudinal sectors of the oval there-
by keeping the important features of an auroral substorm of corresponding oval sector.
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Zenith Intensities of the 0I 5577A and 6300A Radiation Inside
The Polar Cap during the January 1971 Solar Particle Event

James G. Moore
Polar Atmospheric Processes Branch
Aeronomy Laboratory
Air Force Cambridge Research Laboratories
Bedford, Massachusetts 01730

The zenith intensities of the red and green lines of atomic oxygen at 6300A and
5577 A, respectively were measured during the nighttime hours of the period 24-28 Jan.
1971 with interference filter photometers. Calibration of the intensities was accom-
plished by a comparison with the absolute intensities measured by a calibrated spectro-
meter. The photometric data were scaled and absolute intensities of the emission lines
and the ratio of 6300A/5577A radiation were determined and plotted by computer, The
results are shown in Figures 1 and 2 for the entire observation period.

Examination of the figures shows the green line average intensity starting off at
a value of approximately 300 Rayleighs on the night of the 24th and building to a value of
500 Rayleighs during the night of the 25th~26th Jan and then decreasing to a value of
250 Rayleighs on the 27th and 28th of January. This behavior is also reflected in the
hourly averages of the high energy protons (E_ > 60 MEV) measured by Explorer 41
(See this issue) during this same interval as well as by riometer measurements at
30 MHz [Cormier, 1971]. This is typical of a polar glow aurora associated with a
PCA [Sandford, 1963, 1967, 1969; Weill, 1962].

During certain times, the OI green line (5577A) shows rather sharp intensity
increases. These are associated with discrete sun-aligned arcs as shown in a sample
of frames from the all-sky camera film taken during this same interval, (Figure 3).
The intense arc at 0445-0448 UT 27 Jan saturated the green line photometer, so the
red-green ratios at this time are to be disregarded. A faint sun-aligned arc is seen
on originals of the all-sky camera film at 0639-0643 UT and 0810-0814 UT 27 Jan
1971, although they are barely visible in the accompanying photographs. North is to
the right and east is at the bottom in all photographs., The date and Universal Time
are also shown. Some internal reflections of the orientation lights are also present.

The OI red line (6300A) shows enhancements throughout most of the night of
24-25 Jan which are not associated with corresponding enhancements of the OI green
line (5577A). These are of the nature of undulations above an average intensity and
are not associated with visual arc structures. The same situation obtains from
0830 UT-1240 UT 27 Jan and from 2100 UT 21 Jan to 1230 UT 28 Jan. Average
intensities of the OI red line started out low and remained low until a slow increase
around 0900 UT on 26 Jan. The red line was again high at 2100 UT on 26 Jan and
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presence of discrete sun-aligned arcs has been noted on the all-sky
camera film.
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FIGURE 2 Zenith intensity versus Universal Time of the OI emission lines at

5577A and 6300A. The intensity ratio 6300A/5577A is also plotted.
The period of sharp intensity increases in both the 5577A and 6300A
curves are times when the presence of discrete sun-aligned arcs
has been noted on the all-sky camera film.
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decreased rapidly to a low value at 2300 UT. It remained low until approximately
0900 UT on 27 Jan when an increase began. The red line remained high until a
decrease began at 2100 UT on 27 Jan. There does not seem to be correlation
(positive or negative) between Kp and 6300 in agreement with Sandford [1968, 1969]
and Silverman et al. [1962]. Local magnetic K-indices, which have been found to be
a much better parameter than Kp as an indicator of polar magnetic activity [Sharp et
al., 1966; Feldstein and Starkov, 1967; and Sandford, 1968] were not available for
correlation,

The red-to-green ratio (6300A/5577A) in the discrete sun-aligned arcs has been
determined by integrating the intensities after the airglow levels have been subtracted.
These ratios and the red-to~green ratios of the airglow as well as the ratio of the
auroral to airglow ratios are listed in table 1 along with the Universal Time and the
zenith height of unrefracted sunlight,

TABLE 1
Red-to-Green Ratios

Universal Time Aurora Airglow Aurora/Airglow Zenith height of
Unrefracted Sunlight

2146 26 Jan 1.57 0.49 3.20 240 km
0645 27 Jan 0.62 0.11 5.40 900 km
0816 27 Jan 1,18 0.12 9.83 700 km

The height of lower bordersof weak-rayed arcs and bands in the polar cap has
been determined to lie in the range of 145 to 180 km by triangulation from all-sky
camera pictures [Starkov, 1968]. Examination of Table 1 shows that when the F region
is illuminated 2146 UT 26 Jan, the red/green ratio for both the airglow and the aurora
are enhanced over that obtained when the F region is not illuminated. The ratio of the
red/green ratio in the aurora to that in the airglow makes this fact stand out more
vividly. This indicates the vertical extent of the sun-aligned arc ranges from 145 km
to F-region heights,
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391kA, 55774, and 6300A INTENSITY MEASUREMENTS AT THULE DURING JAN 2L-29, 1971

WILLIAM N. HALL
POLAR ATMOSPHERIC PROCESSES BRANCH
AFRONOMY T.ABORATORY
ATR FORCE CAMBRIDGE RESEARCH LABORATORIES
L. G. HANSCOM FIELD
BEDFORD, MASS. 01730

The figure shows the intensities of the 5577A and 6300A atomic oxygen and the 391kA
band of N2+IN emisgions recorded by the patrol spectrograph at the AFCRL Geopole Observ-
atory, Thule AB, Greenland during JAN 24-29, 1971. The patrol spectrograph is a Perkin-
Elmer model 173 developed for use during the IGY [Devlin et al. 19¢4] and the obgerving
program used is essentially unchanged from the IGY and IQSY. The spectrograph 1ntegrates
the optical emissions for the duration of the exposure and the intensity is reported as
an average over the period of the exposure which may last up to 108 minutes every 2
hours. The first and last exposure of each night are less than 108 minutes and the
exposure length is represented by the length along the time axis of the datum bar. Data
for exposures of 11 minutes duration taken at solar depressions less than 12° during
twilight are indicated by dots.

The triangles denoted SSC and SPE refer to Storm Sudden Commencements and to a
Solar Proton Event [reported in Solar-Geophysical Data, numbers 318 and 324]. The time
for the SPE refers to the time of enhancement of the 21- 70 Mev channel on the ATS-1
satellite.

The 3914A emission increased rapidly after the onset of the SPE and decayed con-
sistent with the behavior of Explorer 41 integral proton fluxes [Solar-Geophysical Data
number 328]. Superimposed are twilight effects and enhancements associated with HIgh
Latitude Discrete Auroras (HILDA's) following SSC's. The diagonal dashed lines at
BL00-0600 UT on January 29 indicate the intensity was less than threshold of detection
of the spectrograph and not a data gap.

The 557T7A intensities were also enhanced during the SPE with further increases
asgociated with HILDA's. These increases are in addition to a background level of
250-300 rayleighs before (not shown) and after the SPE. The behavior of both the
391hA and 5577A intensities was consistent with previous studies of the effects of
SPE's [Sandford 1970].

The 63004 intensities showed typical diurnal variations [Stromman et al. 19711
with enhancements during HILDA's The 6300A intensities did not show increases (and
were not expected to) which could be associated with the SPE.
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8. GEOMAGNETISM

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 January 20-31, 1971. The Dst data
presented here are provisional. The base Tine, which is based on extrapolations of the base 1ines
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.
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Solar Wind Velocities and Geomagnetic Activity Associated with the Cosmic Ray Increases
of January 24, 1971 and September 1, 1971

by

S. Krajcovic
Geophysical Institute
of
The Slovak Academy of Sciences
Bratislava, Czechoslovakia

Initially, we consider the geomagnetic activity from January 17, 1971 to January 31, 1971. The
beginning of this critical period is characterized by one Q day (maximum Kp = 3-; minimum Kp = O+;
3Kp = 13-). The five following days (Jan. 18-22) are characterized by disturbances with £Kp values
lying between 160 and 32-. January 23, 1971 is a Q day of the order of 130 for Kp. The two
following days are comparable with respect to the geomagnetic activity with the days of the preceding
subperiod (before Jan. 17) and are followed by one Q day with the minimum magnetic activity of the
total critical period, i.e. IKp = 2+.

On the beginning of January 27, 1971 there appeared an ssc at 0024 UT of an important magnetic
storm, the duration of which is about two days. The sum of planetary K-indices decreased on
January 29, 1871 to the value of 22-, and then it was followed by one disturbed day (January 30, 1971)
which has evidently no association with the cosmic ray increase on January 24, 1971. A1l of this is
illustrated on the upper part of Figure 1.

The second critical period analysed in the present paper begins on August 25, 1971 and ends on
September 8, 1971. This situation is shown in the Tower part of Figure 1. At the beginning of this
period two normal days are followed by two quiet days, August 27-28, 1971. Two more normal days
follow these. The end of August 1971 1is characterized by an important disturbed day (with respect to
September 1, 1971) during which the maximum ZKp reached the value of 33o.

Tk,
40
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L
200 [ 1T —
0 0 @|D D D

1971 JANUARY 18 20 22 24 26 28 30

Fig. la. Geomagnetic activity of the period January 17-31, 1971 as characterized by IKp for each
day. D, Q and QQ refer to disturbed, quiet and ;ery quiet days, respecti%e]y?
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Fig. 1b. Same as Figure la for the period August 25-September 8, 1971.
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Even if the day of September 1, 1971 is termed a normal one, it is very important to notice that
the values of three-hour indices are of order of 20, i.e. they are practically on the threshold
of the disturbed subperiod.

The most important difference noted in comparing the geomagnetic activity of the critical days of
the above mentioned periods (namely, January 24, 1971 and September 1, 1971) is the following:

a.) September 1, 1971 is preceded by one disturbed day and followed by two QQ days, then by
one day that is rather quiet;

b.) January 24, 1971 is preceded by one quiet day and followed by one normal and one quiet
day, this subperiod preceding an important geomagnetic storm (see Figure 1).

It is noted that the disturbed day on September 7, 1971 has evidently no association with the
studied cosmic ray increase of September 1, 1971.

In Figure 2 we can see the time distribution of the solar wind velocities registered during both
studied periods aboard Vela 3 and Vela 5 satellites (three hours or daily averages) and aboard
Pioneer 6 and Pioneer 7 satellites (hourly averages during selected days).

i;gv
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b4 X x
_____l—— 0 X X x )
500 x —1_J_1_X.’—_ x ———-’_—
4 S
300+
1971 JANUARY 20 22 24 26 28 30

Fig. 2a. Time distribution of the solar wind velocities for the period January 17-31, 1971.
Vela 3 and Vela 5 values (heavy line) are three hour or daily averages. Pioneer 6
and Pioneer 7 values {x's) are hourly averages during selected days.
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Fig. 2b. Same as Figure 2a for the period August 25-September 8, 1971.

By comparing Figures 1 and 2 we can state that the correlation among the solar wind velocities
and Kp-indices is rather good. In addition we note that the solar wind velocities observed aboard
Pioneer 6 and Pioneer 7 are, generally speaking, greater than those observed aboard Vela 3 and
Vela 5 satellites. The reason for this is evidently the fact that the Pioneers' solar wind velocities
are averaged over shorter time intervals (one hour) than those of the Velas’ (three hours or one day).
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The time distribution of cosmic ray increases for the above mentioned periods is plotted on
Figures 3a and 3b, respectively. The curves represent only the smoothed values of cosmic ray indices
(pressure corrected smoothed hourly totals) of Alert Neutron Monitor for selected periods which are
published in "Solar-Geophysical Data".

At first glance it seems that both curves plotted on Figure 3a and 3b, respectively, are very
similar, but in fact they vary greatly. The first curve (Figure 3a) is characterized at its beginning
by the mean level of cosmic ray indices of the order of 104-106%. At the end of the "critical” day,
we observe a sudden increase of cosmic ray indices to the level of 115%. After maximum, it decreases
again in about 6 hours to 106%, remaining at this level for about two days. On the beginning of
January 27 we observe a sudden decrease, the minimum of which is reached at noon of the following
day. Recovery to the previous level begins on January 29, 1971 and is accomplished by noon of

January 30, 1971.
% ALERT NEUTRON MONITOR
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Fig. 3a. Time distribution of cosmic ray increases for January 17-31, 1971
from the Alert Neutron Monitor (pressure corrected smoothed hourly

totals).
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Fig. 3b. Same as Figure 3a for the period August 25-September 8, 1971.
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Notice that the days of January 27-28, 1971 are the days when an important geomagnetic storm was
registered on the Earth's surface. Thus we are correct in stating that the above mentioned depres-
sion of cosmic ray indices was caused by a stronger interplanetary magnetic field that had occurred
during the period of geomagnetic storm. The above mentioned depression of cosmic ray indices was
seen by other cosmic ray stations, e.g., Calgary, Deep River, Sulphur Mountain, ‘etc.

The situation on the second "critical" day (September 1, 1971) is quite different. The first
interval of this period is characterized by an oscillation of cosmic ray indices among the range of
values 112 to 114% and then by marked increase to 127% on September 1, 1971. The value of the cosmic
ray indices decreases during the next 12 hours to 112% and then oscillates among the values 112-113%
until September 7, 1971, when the earlier level is again reached.

In this case the cosmic ray increase was not followed by a geomagnetic storm observable on the
Earth's surface. The reason for this is found in the Tocation of the eruption on the solar surface,
about 39° behind the western edge of the solar disk, while in the January analyzed data the position
of the eruption as a source of solar cosmic radiation i{s defined by the coordinates N19 W50.

The occurrence of a magnetic storm in the second case can be confirmed only on the basis of the
measurements aboard Pioneers and Velas, respectively, of solar wind velocities and proton densities.
These data were not available at time of preparation of this contribution.

In conclusion, it is evident that the experimental data obtained by other scientists in space

experiments or in ground-level observations, when published, can contribute to a more complete
analysis of the above mentioned events of cosmic ray increases and related phenomena.
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Recurrent Tendencies in Geomagnetic Activity at the Time of Increased Cosmic Radiation
at the Earth's Surface.on 24 January 1971 and 1 September 1971

by

Jaroslav Halenka
Geophysical Institute
Czechoslovak Academy of Science
Prague, Czechoslovakia

The purpose of these comments is to show whether and in what way recurrent tendencies are re-
flected in geomagnetic activity in the neighborhood of the studied GLE's. These may contribute
independent data on the nature of the interplanetary medium with a view to the propagation of solar
energetic particles.

GLE 24 January 1971, Day 22 of Geomagnetic Rotation No. 1880

The effect occurred in a weakly disturbed interval with slight geomagnetic activity. On the
0 day (24 January 1971) zKp = 17+ (Ap = 10). Kp = 4o in the first three-hour interval of day +1 was
also the highest value over the whole interval from day -3 to day +2. On day 22 of the previous (-1)
rotation tKp = 240 with Kp max = 4+, thus showing weak geomagnetic activity. In rotation -2 around
the 22nd day there was a marked minimum of geomagnetic activity (29 November - 2 December 1970, the
first half of the day), which reflected the complete absence of an external perturbing factor. In
the +1 rotation after the GLE there was weak stable geomagnetic activity, =Kp = 16 and Kp max = 30;
the +2 rotation showed slightly increased geomagnetic activity with an ssc and Kp max = 5- on day 22;
climax occurred in the +3 rotation with an ssc on day 21 and Kp max = 8- during the last interval of
day 21 and subsequent Kp max = 7- during the first interval on day 22 with 5Kp = 330 (Ap = 36). The
decrease of geomagnetic activity during the +4 rotation terminates the series of disturbances.

The investigated case occurred between two clearly recurrent increases of geomagnetic activity,
also commencing with ssc on days 16 and 25, in which the activity of longer duration was on a mod-
erately increased level. It is separated from them on both sides by well-defined decreases of geo-
magnetic activity on days 21 and 24, which can be observed during several rotations. The repetition
of some of the details in the course of the geomagnetic activity, which might have a recurrent nature,
for the immediate vicinity of the studied effect is shown in Figure 1. For the moderate smoothing
of the random fluctuations of the Kp-index, running means over three consecutive three-hour inter-
vals were applied. The long-term comparison of the daily sums of Kp on days -1, 0 and +1 during
rotations Nos. 1873 to 1887, shown in Figure 3a, is remarkable and indicates that the agent causing
the geomagnetic activity displayed systematically similar properties over a comparatively wide inter-
val of 3 days during the individual rotations.
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Fig. 1. Kp for rotations 1879-1881.
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GLE 1 September 1971, Day 26 of Geomagnetic Rotation No. 1888

The effect occurred during a weakly disturbed period at the time of the decline of activity. On
the day 0 (1 September) zKp = 190 (Ap = 10), the Kp max = 50 in the first and eighth three-hour
intervals of the preceding day also represent the highest values within a wide interval around day 0.
An ssc occurred in the eighth interval on day ~2. In the previous (-1) rotation on the day 26
IKp = 18- with Kp max = 4+ and weak activity on the decline similar to rotation -2, in which the
series of disturbances a

ppeared at an even Tower Tevel of activity; however, an ssc was observed on
day 25, The characteristic feature of the investigated case, the de

creasing nature of the degree of
disturbance in the course of day 26, was also preserved in the +1 ro ?

tation (ZKp = 180) and partly
also in the +2 rotation, when the series of disturbances was terminated.

The investigated event was separated at both ends from the neighboring activity by marked,
clearly recurrent decreases of geomagnetic activit

y on days 24 and 27, which can clearly be observed
in many rotations. The repetition of severa] details in the close vicinity of the studied event,
which might have a recurrent nature, is shown in Figure 2, again with the help of the curves of the
Kp-index smoothed by running me

ans over three three-hour intervals. The comparison of the daily
Kp-index sums on days -1, 0 and +1 during rotations Nos.

1881 to 1894 is illustrated in Figure 3b,
and in comparison with the GLE of 24 January 1971 is not as good, which shows that the agent causing
the geomagnetic activity could have had different properties in the transverse direction in some of
the rotations during the appropriate three-day interval.

On the whole it may be said that the recurre
netic activity in the closest neighborhood of th
However, it was at least outlined. As regards
netic activity over the period of several days
putable in general features.

nt tendencies in the fine time structure of geomag-~
e investigated events was not particularly marked.
the occurrence of increases and decreases of geomag-
around both GLE's, the recurrent tendency is indis-

One may assume, therefore, that in the corresponding intervals the
conditions for the propagation of energetic particles (particular]

¥y as regards the GLE of 24 January
1971) were comparatively stable over a long period, and that with a view to the geomagnetic activity
in neither of the cases was there a question of forming a substant

ially new structure within the
appropriate sectors of the interplanetary medium.
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Fig. 2.

Kp for rotations 1887-1889.

269




Days

Fig. 3. Kp running means over three consecutive three-hour intervals.
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Geomagnetically Active Plages and Flares Observed during the Interval Including January 24, 1971

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

The moderate geomagnetic disturbance observed on January 24 (Kp max = 4) is related to an S
proton flare recorded on January 22 (Time-lag of about 2 days).

On January 24 proton flares of importance 2, 1 and S are observed. They are related to the sc
geomagnetic storm (Kp max = 6) of January 27 (Figure 1).

The other geomagnetic storms and disturbances observed during the intervals January 7 - February
13, including the selected days, are well correlated either with CMPs of positive plages or with
occurrences of “"specific flares”, namely proton flares (Figure 1).
Introduction

Solar phenomena occurring during the interval January 7 - February 13, 1971, are examined.

In Figure 1 are marked:

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

B. 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 slightly 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
list. 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.

C. The geomagnetic index Kp (Bartels).

Io

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 sTightly 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.
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Table 1
CMPs of plages recorded during the interval Jan. 7 — Fab. 13, 1971
and their subdivision into positive and negative plages.

Mc Math Data

Remarks
] - Characteristics (group type from.
CMP 4| Hel.| Mcliath | Return Fraunhofer Institut
1971 long. | plage of Age solar maps)
number | region
Jan. |
T.31 830 47° 11107 New 1 non-rec. negative - -
8.3] w18 33 11108 | 111073} 3&5| recurrent n B groups in the prec.rot.
9.0 523 24 11124 New 1 rec. positive+(a) Rising in the W hemisph.
9.1 513 23 11110 11078 3 rec. negative D groups in prec. rot.
9.6| 820 16 11120 New 1 | rec. positive (a) | Rising in the W hemisph.
10.2 | N10 T 11112 11077 3 rec. negative B groups in the prec. rot.
10.6| S04 3 11111 New 1 | rec. n Rastern E groups
1195‘ S13 351 11114 New 1 non-rec. " - - -
11.6| 824 350 11125 New 1 | rec. positive (b) | Rising in the W hemisph.
13.0{ S10 332 11116 New 1 | non-rec. negative - -
13.7] N1l 322 11117 New 1 | non-rec. " - - -
14.9] s20 | 307 | 11118| New 1 | rec. positive (c) | No spots
15.24 S15 303 11121 New 1 rec. negative Bastern C groups
15.81| N19 295 11119 | 11084 2 | rec. " G groups in the prec. rot.
17.14¢ s11 278 11122 | 11087 2 | rec. positive 44B. groups
17.2| No8 276 11131 New 1 | non-rec. negative -
18.2| N13 263 11123 11088 3 rec. positive Bxperiences a resurgence
20.8| S10 229 11127 11090 2 rec., negative C groups in the prec. rot.
21.3 | N20 222 11128 New 1 | rec. " Bastern B groups
23,8} N1l 189 11129 | 11096 2 | rec. " Bastern D groups
24.0) 514 187 111301 11095 2 | rec. # Bastern J groups
25.81 N15 163 11133 11097 4 rec, " Bastern J groups
26.3] so01 156 11138 New 1 | non-rec. " - -
27.7 1 S19 138 11139 New 1 rec. positive+(d) No spots
28,0 N19 134 11135 New 1 | non~rec. negative - -
29.2 ] W04 118 11136 New 1 | non-rec. " - -
30,7 812 98 11134 New 1 | rec. " Eastern D groups
31.3| NO8 90 11140 11105 2 rec. positive Bxperiences a resurgence
31.8} N25 84 11143 11102 2 | rec. negative J groups in the prec. rot.
Feb.
1.9 | S07 69° 11144 | 11106 4 | rec. negative D groups in prec. rot.
3.0] N13 55 11137 11108 [14&5 | rec. " Bastern P groups
3.0] 814 55 11142 11124 2 Tec. " Eastern C groups
3.5 §25 48 | 11153| wew 1 |rec. uncertain'(e) - -
5.7 S22 19 11142 11124 2 rec., negative Eastern C groups
6.0 N21 15 11146 | 11108 4 irec. " E,;D groups in prec. rot.
6.3| S05 12 11145 11111 2 rec. " Eastern H groups
8.0 823 349 11154 New 1 rec. Qositive+(b) Visible in the W hemisph.
8.0| 815 349 11158 New 1 |rec. positive Rising in the W hemisph.
8.3 NO9 345 11148 New 1 |non-rec. negative -
9.3 | N15 332 11152 New 1 rec. u Eastern C groups
G.4| S40 331 11147 New 1 non~rec. + - -
10.6| 820 315 11159 New 1 rec. positive (c) Visible in the W hemisph.
11.0| Wil 310 11150 New 1 non-rec. negative - -
11.4] s10 304 11160 New 1 |non-rec. - -
11.7¢ 810 300 11151 New 1 |non-rec. " - -
12.3] S06 293 11161 New 1 |nomn-rec. " - -
12.4] W20 291 11150 11119 3 Tec. " G;H groups in prec. rot.
13.9| w23 271 11155 (. 11119 3 lrec. n n noonm n

273




Table 1 continued

T

+(a) Plages 11124 and 11120 at L = 24° and L = 16° are probably the same plage recur—
rent with the negative plage 11142 at L = 19° (CHP: 5.7 February).

+(Db) Plage 11125 at L = 350° is probably recurrent with the positive plage 11154 at
L = 349° (CMP: Feb. 8,0).

+(c) Plage 11118 at L = 307° is probably recurrent with the positive plage 11159 at
L = 315° (CMP: Feb. 10.6).

+(d) Plage 11139 at I = 138° is probably recurrent with the negative plage 11165 at 16S
and L = 140° (CMP: Feb. 23.8).

+(e) Plage 11153 develops in the following part of the negative plage 11137.

Table 2

Importance 2 flares and importance 2,1 S proton flares observed during the
interval Jan. 7 - Feb. 13, 1971 (from Quarterly Bulletin on Solar Activity)

ADDe Proposed correlation between
Date| Time | Max | Position| Imp.| and Charac. McMath Kp max. and flare max.
1971 U.T. | U.T. corr. Region (time~lag of about 2 days)
aerea
Jane.
16 0804 0830 18N-65%& 2N | 2.6 BLWZ 11128 Kp max = 5~ on Jan. 18.6
1030 |-
22 2338 2415 | 19N-23W SB 1.0 U 11128 Kp max = 4 on Jan. 25.1
2435 1.2
24 1436 1445 | 21N-47W 1N 1.3 LU 11128
1500 2.1
24 1706 1723 | 18N-45W 1N 1.6 FU 11128
1803 1730 -
24 2035 2039 | 19N-50W SN 1.0 EKU 11128 Kp max = 6 on Jan. 27.3
2120 2048 - ;
24 2215 2227 | 20N-48W 1N 1.9 FU 11128
2231 -
24 2308 2315 | 18N-49W 2B 4.1 KU 11128
2530(] 2331 -
31 1114 1116 | 128~12¥ SB 1.9 Uz 11134 Geomagnetically inactive
1153 1.9
Feb.
4 082? 0834 | 04N-31W SN - U 11137 " "
0855 1.0
5 1546 1546 | 085-09E SN 1.1 BUV 11145 " "
1558 1.1
5 | 2221 | 2225| 09S-02E | 2N - sV 11145 " "
2320 -
6 0438 0507 ;| 17N=-23W 2N 6.0 SU 11137 n "
0607 6.8
11 | 0428 0504 | 28w-6oW | 2F | 2.2 | FGHL | 11146 " "
0608 -
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E. A1l the flares observed as given in the Quarterly Bulletin on Solar Activity.

The Events of January 7 - February 13

Plages

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

The positive plages are 11 in number and one is uncertain (McMath No. 11153), Their CMPs are
marked in Figure 1B. Some of these positive plages, given as non-recurrent in the McMath calcium
plage 1ist, may be considered as recurrent ones (see footnotes of Table 1).

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

Flares
The data referring to importance 2 flares and importance 2, 1, S proton flares are presented in
Table 2. They are 13 in number and only seven of them (five of which occurred in the same day) are
followed by geomagnetic storms or disturbances. ’
These geomagnetically active flares are marked in Figure 1D.

Broken 1ines relate the maxima of the flares with the maxima of the storms or disturbances
(Figures 1b, 1C).

Conclusion
The behavior of the geomagnetic index Kp during the interval under examination may be inter-
preted taking into consideration either the CMPs of recurrent positive plages and/or flare occur-
rences.
Particularly we note:
a.) The moderate geomagnetic disturbance of January 24 (Kp max = 4) is entirely due to the proton
flare of importance S recorded on January 22 (time-lag of about 2 days), since no CMPs of
recurrent positive plages are correlated with the disturbance itself.

b.) Also the sc geomagnetic storm of January 27 is entirely due to the five proton flares of impor-
tance 2, 1, S occurring on January 24,

c.) The sc geomagnetic disturbance of January 18 is related both with the CMPs of a recurrent posi-
tive plage (McMath No. 11122) and to an importance 2 flare occurring on January 16.

d.) The geomagnetic storms of January 20 and January 29 are related to CMPs of recurrent positive
plages (McMath Nos. 11123 and 11139, respectively).

e.) The CMPs of recurrent negative plages and of non-recurrent plages are associated with quiet or
s1ightly disturbed geomagnetic conditions (see the period February 2 - February 8; plage No.
11153 is probably a negative plage as stated in the footnotes of Table 1).

f.) Only for the geomagnetic disturbance of January 30 we are not able to give an interpretation
since neither CMPs of recurrent positive plages nor flare occurrences are related with it.

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].
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Comments on the Special Intervals of January 24 and September 1, 1971

by

Bohumila Bedndrovd-Novdkovd
Geophysical Institute, Czechoslovak Academy of Sciences, Prague

An explanation of the geomagnetic activity in both special intervals and their immediate vicinity
with a view to solar activity.

Special Interval, January 24, 197]

Two active centers with sunspots (Figure 1) passed through the Solar Central Meridian on
January 23. One was in the north with spot type C16 January 23 (C14 January 24) and had filaments at
the circumference of the field towards the equator and one directly on the equator; the other was fin
the south with spot type E27 January 23 (E30 January 24). Thus, we have two groups of sunspots on
either side of the equator. This is a classical case of the Central Meridian Passage of two fields
after which geomagnetic calm occurs [U. Becker, 1953; A. Stastnd, 1964]. The reason for this is that
the corona is split in the region between active centers as a result of two close, strong Tocal magne-
tic fields, so that the space above the center of the visible solar disk is plasma-free, The bound
filament with the northern region also indicates the separation of the fields. The geomagnetic dis-
turbance only occurred after the Central Meridian Passdge of the eastern Timits of both active centers,
where the connection between the northern and southern hemispheres was indicated by a small filament,
located in a nearly meridional direction, which vanished between January 23 and 24. Conditions
existed there for the generation of a narrower coronal stream which, after haying reached the Earth's
magnetosphere, caused an increase in geomagnetic activity [B. Bedndrovéd-Novdkovd, 1961; B. Bedndrovd-
Novdkovd and J. Halenka, 1969]. A disturbance with a short duration occurred at the end of January 24
(the last three-hour interval) and at the beginning of January 25 (the first three-hour interval).
This was followed by complete geomagnetic calm. The storm with an §¢ began on January 27 after the
Central Meridian passage of the circumferential unstable filament in the southern hemisphere, which
belonged to region E27 on January 23. Part of this filament was located in a nearly meridional dir-
ection. The coronal formation has its largest dimension above this filament, corresponding to the
length of the filament, similar, e.g., to the case of the 1968 corona in the NW, photographed during
the total solar eclipse of September 22, 1968 [B. Bedndrovd-Novdkovd, in manuscript]. A stream of
this type, if oriented radially above the center of the solar disk, is pointed directly at the Earth
and the coronal plasma may affect the geomagnetic field.
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Fig. 1. Drawing based on Fraunhofer Institut's Map of the
Sun from January 24, 1971.
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Special Interval, September 1, 1971

A central floccular field with an unstable filament passed through the Central Meridian on
August 29, 1971. A sudden commencement of a geomagnetic storm followed on August 30, which was the
result of the formation of a coronal stream above the center of the visible solar disk. Another dis-
turbance, subsequent to the storm and ending on September 1 (Figure 2), may be attributed to the
equatorial wing of a minimum-shape corona forming after Central Meridian Passage of an unstable fila-
ment in the southern hemisphere and to several other filaments in the northern hemisphere on August 30.
If suitably oriented, conditions are created for the coronal plasma to reach the Earth's magnetosphere.
[t can be said that the cosmic radiation propagating from the Sun on January 24 and September 1, 1971
had no connection with the geomagnetic activity following, as has already been pointed out in several
other cases [J. Halenka, 1968; J. Halenka, 1971].
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N
Fig. 2. Drawing based on Fraunhofer Institut's Map of the
Sun from September 1, 1971.
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Geomagnetic and SID Effects of the 24 January 1971 GLE

by

J. E. Salcedo
Manila Observatory
Manila, Philippines

On the occasion of the Ground Level Event (GLE) of 24 January 1971 many and various geophysical
effects were recorded. A study of these effects will help to understand better conditions and mech-
anisms in the sun, in the earth's atmosphere and in planetary space and their interrelationships.

During the initial activities of McMath region 11128 before 2310 UT on the 24th, a geomagnetic
substorm existed which could be the cause of subsequent enhancements of ionospheric conductivities.
Figure 1 shows that typical solar wind velocities of about 400 km/sec prevailed until the first on-
set of 5-21 and 21-70 Mev protons. A 50 km/sec increase was measured by Vela spacecrafts. This
increase in solar wind velocity was not significant enough to cause any disturbance in the geomag-
netic field. The proton peak occurred some 10 hours, from ATS-1 data, after the H-alpha flare event,
and still no impressive geomagnetic effect could be noticed except for the very mild storm in progress.
During the steady decline of the protons on the 26th, the X-component of the geomagnetic field calmed
down with a prevailing increase of about twenty gammas over the smooth Sq. This calmness in the
enhanced X-component of the geomagnetic field lasted until the ssc on thé 27th. A phenomenon, such
as this, can be attributed to the nearly constant heavy influx of charge (protons in general) into
the earth's magnetic field buffering it from ordinary external disturbances.

Also from Figure 1 no other significant solar activity occurred during the period shown, between
the great solar event and the geomagnetic ssc. Starting on the 27th at 0431 UT, the ssc was evidence
of the arrival of the shock front [Tam and Yousefian, 1972] emanated from the flash phase of the solar
flare explosion. This shock front comprised of solar gusts, arrived 53 hours and 08 minutes from the
time of the peak centimeter burst, i.e., 2323 UT of the 24th. The solar shock can be described to
consist of a classical front of waves with 3 peaks, each succeeding the other at a little over two
minute intervals. The solar gust is calculated, from the transit time, to have an average velocity
of 772 km/sec. Although this speed is not fast compared with 1100 km/sec velocity of previous big
events, it induced a fast compression rate in the geomagnetic cavity. Then, this high compression
rate can be attributed to a relatively dense composition of the solar wind which compressed the geo-
magnetic field X~component to 32 gammas in only a minute and a half at Manila.

The great solar event occurred at about 0700 of the 25th Manila local time. Short-wave trans-
missions via the F-region showed increased absorption of 7.0 dB on 9.6, 12 and 15 MHz and only 4.0 dB
on 18 MHz. A total SWF did not occur because of nearness to sunrise. The shortwave stations moni-
tored in Manila are northerly because of Manila's location at the west edge of the Pacific. Only
Japanese and Chinese stations are conveniently receivable. Other factors present in Tonger distance
transmissions make identification of SWF from eastern sources ambiguous.

Another impressive effect on the D-region was displayed on the SPA (Sudden Phase Anomaly) moni-
tors. The NLK (Seattle-Manila 18.6 kHz) path showed a 246° phase advance. The GBR (Rugby-Manila
16.0 kHz) and NDT (Tokyo-Manila 17.4 kHz) paths had 35° and 33° phase advances, respectively. The
major portion of the GBR path was still in darkness when the solar event took place. The NDT path,
though one hour east of Manila, was not fully exposed due to the winter tilt. If these SPAs were
to be normalized, i.e., maximum 1it path [Wisdom, 1971] a 500-degree phase advance could be attained.
Wisdom showed that normalized SPA exceeding 120° for NLK, 115° for GBR and 80° for NDT, fall into
the category of a major SPA.

The main event of 2322 UT, the 2B flare, was preceded by at least four other significant events
in McMath region 11128 within three hours. After the big event, all was quiet except some ten hours
Tater, at a different region, McMath 11130, a sub-flare erupted. This makes the 2322 UT 2B flare
a good specimen in the study of subsequent behavior of the geomagnetic field.

Figure 2 reveals certain characteristics of the plasma shock front, responsible for the ssc,
nearly retained until its arrival on earth. The three outstanding initial peaks in the dekameter
total power intensity were also manifested in the geomagnetic storm commencement, indicating a
common causative agent: the plasma front. It is worthy of note that the peaks in the ssc are
widely separated, 5.6 minutes against 2.6 minutes in the dekameter profile. Due to the 1.5 x 108 km
course the solar wind shock front travelled, the earlier waves moved fast - thus more widely sepa-
rated on arrival. The shock front while being propagated outward into the corona was excited into
plasma oscillation (an accepted mechanism in the generation of Type IV dekametric events). The
denser the plasma, the more intense the dekameter emission. These three peaks, therefore, suggest
that the shock front is comprised of bunches of plasma waves. The same waves, on arrival at the
earth compressed the geomagnetic cavity at three peak intervals. This cavity, having an extremely
low resonance, could not respond to the detailed wave composition of the compressing plasma front.
Thus only three smooth but distinct peaks were displayed in the analog recorder.
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FIGURE 2. RADIO AND GEOMAGNETIC EVENTS ASSOCIATED
WITH THE 24 JAN:I97| GLE OBSERVED AT MANILA.
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The Tables below describe the behavior of the D-region during the solar event both as an absorb-
ing and as a reflecting Tayer. The lower the frequency, the earlier the SWF reached maximum absorp-
tion. Recovery was in the reverse order; 18 MHz was first and 9.6 MHz last. The average max time
for the SPAs was also about the same with the SWFs, at 2342 UT.

Table 1 Table 2
SWF Events 24-25 Jan 1971 SPA Events 24-25 Jan 1971
Phase
Freq (MHz) | Start| Max| End | Abs.(dB) Sta.Freq(kHz) | Start| Max| End Advance (°)
9.6 2308 | 2340 0315 7.0 NLK 18.6 2306 | 2340| 0300 246
12 2307 | 2341} 0300 7.0 NDT 17.4 2308 | 2347| 0200 33
15 2309 | 2343} 0256 7.0 GBR 16.0 2317 | 2328] 0134 35
18 2306 | 23441 0235 4.0

Radio and H-alpha peak times agree to within a minute, 2323 and 2322 UT, respectively. The
X-ray max time, particularly the softer ones and the EUV which are responsible for ionizing the
D-region, cannot be far behind, if not within, the radio and H-alpha max times. Castelli and
Richards [1971] showed excellent agreement between EUV and centimeter radio start time and time
of burst maximum. From Tables 1 and 2, an appreciable delay of twenty minutes exists, on the
average, between H-alpha and radio times and maximum SID times.

Peak absorption and peak reflection of signals by the ionosphere imply maximum electron density
has been attained. The data in the Tables showed continued ionization had prevailed for about twenty
minutes after the centimeter radio max time. Secondary ionization: freed electrons have acquired
exceedingly higher energies than usual, then reimparted to neighboring particles by collision, thus,
prolonging the jonization process. More studies are being done to explain this time lag and to de-
termine if it can be a useful indicator for extremely big events, such as, a GLE.

The author thanks AFCRL for supporting this work, and J. J. Hennessey and V. L. Badillo for
their encouragement.
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On Geomagnetic Pulsations at the Time of Solar-Terrestrial Events
of January 24, 1971 and September I, 1971 at the Budkov Observatory

by

Karel Prikner
Geophysical Institute
CzechosTlovak Academy of Sciences

Prague, Czechoslovakia

Introduction

The solar-terrestrial events of January 24 and September 1, 1971 belong to the category of
phenomena which do not connect up directly with sudden marked disturbances of the geomagnetic field.
However, they are usually related to the development of the conditions in the geomagnetic field in
the course of the subsequent days or weeks. Therefore, it is necessary to investigate comprehen-
sively their regularities from the point of view of forecasts of geomagnetic activity.

For purposes of investigating the behavior of the short-period variations of the geomagnetic
field during both periods, the records of a normal magnetic apparatus of the Bobrov system (record-
ing speed 20 mm/hr) and of a rapid-run induction variometer with a permalloy core (15 mm/min) of
the IVJ-2 type, located at the Budkov Observatory {geomagnetic longitude and latitude A = 96° Q2'F
@ = 49° 01'N) were used. The K-indices for the 3~hourly intervals were determined for the Préhonice
Observatory (A = 97° 18'E & = 49° 54'N).

Significant Disturbances in the Geomagnetic Field

The degree of disturbance of the geomagnetic field during both intervals is characterized by
the run of the K-indices, adopted from the Prihonice Observatory and shown in Figures 1 and 2.
The interval between January 22 and 24 did not display any significant sudden disturbances. Not
until 1930 UT on January 24 was an ssc observed {amplitude about 13v), which was followed by a
storm with a relatively short duration and recovery in the course of January 25. The whole of
January 26 was very caim. At 0430 UT of January 27 a very sharp ssc was recorded (amp1itude about
22y) with a subsequent severe storm, the effects of which could be observed until the end of January.

Beginning August 31 a geomagnetic storm with a gradual commencement was in evidence, the effects
of which could still be observed on the morning of September 1. On the same day, after 1900 UT, a
bay disturbance developed in the H-component with an amplitude of about 26y, lasting roughly 1.5
hours. The interval between September 2 and 4 is again relatively calm. A sharp ssc* with an
amplitude of about 15y was recorded at 1646 UT on September 4, which was followed by a geomagnetic
storm.

Geomagnetic Pulsations

The most typical pulsation in the region of the Budkov Observatory is the day-time Pc3 pulsa-
tion. Owing to their most frequent occurrvence during magnetically calm intervals, they were chosen
as a means for studying the characteristics of the short-period variations in both intervals con-
sidered.

Several days on either side of January 24 and September 1, 1971 samples of the Pc3 puisations
were taken roughly in one~hourly intervals. Provided they were recorded, this applies to the whole
period of their usual daily occurrence.. In accordance with Hirasawa [1969] and Jacobs [1970] this
period is roughly between 0300 and 1900 UT at the observatories mentioned above. The periods (T)
and the double amplitudes (A), as the max. oscillation of the pulsation, in the X (NS) component of
the records were measured in the samples. These data were not measured on August 31 because the
field was too severely disturbed by a geomagnetic storm. For the same reason the measurements in
both cases were terminated by the onsets of the geomagnetic storms of January 27 and September 4,
1971.

_For each day, independently, the average daily value of both the quantities measured, T(s)
and A(y). were also determined. The results for the interval around January 24 are in Figure 1
and the results for the interval around September 1 are in Figure 2. For purposes of comparing the
degree of disturbance during both intervals with the variations of the pulsation characteristics,
the run of the K-indices has been introduced into both the Figures. Apart from this the average
daily values T and A are recorded for both intervals in Table 1.

The intervals were not evaluated for the evening and morning hours of January 22 and 23, and

January 23 and 24, respectively. This was due to a failure of the recording instrument, which
also occurred just prior to the interval investigated.
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Fig. 1. Measured values of the amplitudes (A) and periods (T) of Pc3 pulsations
(Budkov) for the studied interval in January 1971 {dots) and the run of
their average daily values (circies). The run of the Prihonice K-indices
has been included.

Discussion

In the course of both the evaluated intervals a smaller variation in the values of the average
daily period T and a more marked variation in the average daily value of the amplitude A of the
samples of recorded pulsations appeared. The value of T in both cases increased after the set date
{in January roughly from about 29 seconds on January 24 to 37 seconds on January 25 and in September
gradually and over a longer interval from 28 seconds on September 1 to 39 seconds on September 4).

The values of A on January 24 and September 1 were relatively high (Table 1). In both cases
they decreased markedly during the subsequent days by more than 50% of their original value (from
A = 0.527y on January 24 to A = 0.194y on January 26, and from A = 0.770y on September 1 to A = 0.132y
on September 3, 1971). In some of the hourly intervals no pulsations could be observed on the records
at all. In comparison with the run of the K-indices the subsequent period has the character of a
rapid decrease in the overall level of disturbance of the magnetic field, simultaneous with decreas-
ing activity in the range of short-period variations.

As already mentioned above, both the intervals with decreased levels of activity are followed
by geomagnetic storms with sharp ssc's. This phenomenon can be observed frequently. One shouid
point out that similar behavior was also observed in T and A during the interval immediately pre-
ceding the geomagnetic storm of March 8, 1970, which is discussed elsewhere [Prikner 1971].

In both the cases studied there is a clear time relation between the overall decrease of the
level of disturbance in the geomagnetic field (K-indices) and the pulsation characteristics (T, A).
These features in the behavior of the pulsations are in agreement with the results of Jacobs [19707,
etc. According to the conclusions of Troitskaya et al. [1967], the velocity of the solar wind in

284




A =SSC
2| A ( X)
1] o °
° O\e\ . oe
0 PRI O\ e e
T I T T i 1
60| T (s)
40 . . e o
. . o=
6. GIZGB "—‘—"3'0—.'—0'.’// P
29_ .‘9 009 o . ..’
9 T T T T T 3
54 K
. [h oo HTTherm 7
31 7 2 3 4 A 5 !
AUG.- SEPT.

Fig. 2. The same as in Fig. 1 but for the interval in September 1971.

the vicinity of the Earth should have decreased slightly during the intervals investigated. Now,
consider the interpretation of the changes in the pulsation characteristics as in Prikner {1968].

In this interval of a relatively low level of activity of the geomagnetic field, one may expect an
increase in the size of the resonator in which the pulsations are generated or a certain decrease

in the average velocity of the HM-waves in the Earth's magnetosphere. This may be connected with
the expansion of the Tower layers of the magnetosphere (plasmasphere) as a result of heating or of
the expansion of the resonator - magnetosphere when the plasma pressure of the solar wind decreases
at the boundary of the magnetosphere. The said processes result in a gradual increase of the period
of the recorded pulsations, in a decrease of their amplitudes, and possibly even in their vanishing
from the record. This could be actually observed in the observatory data used.

With a view to forecasting geomagnetic activity, the comprehensive study of these intervals is

interesting. The study is important principally because of their connection with the geomagnetic
storms which follow them.
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Table 1

Date (1971) T (s) A (y)
January 22 26.3 0.366
23 29.6 0.332 7
24 29.2 0.527
25 37.0 0.261
26 32.0 0.194
August 31 storm storm
September 1 28.0 0.770
2 28.3 0.212
3 36.0 0.132
4 39.5 0.299
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The Cosmic Ray Event of January 24, 1971,
and the Micropulsation Activity

by

Jagdish Chandra Gupta
Earth Physics Branch
Energy, Mines and Resources, Ottawa, Canada

On January 24, 1971, at about 2335 UT the counting rate of cosmic rays increased suddenly by
about 12% above the background level. A few minutes earlier a flare of importance 3B was reported
to have erupted in the McMath plage region 11128. And, about 52 hours later a world-wide moderate
intensity ssc geomagnetic storm was recorded by the magnetometers. It is most probable that whereas
the high energy particles ejected from the sun due to the flare were responsible for the observed
cosmic ray increases the bulk of the low energy particles which arrived several hours later caused
the storm.

In order to study the micropulsation activity following this cosmic ray event the normal run
magnetograms showing Pc5 activity and the rapid run magnetograms showing the pulsational activity
in the Pc3, 4 period range were examined from several observatories described in Table 1.

Table 1
Stn. Station Geographic Geomagnetic
No. Latitude TLongitude | Latitude (N) Longitude (E)
1. Alert 82.5°N 62.3°W 85.7° 168.7°
2. | Resolute Bay 74.7°N 94.,8°W 83.1° 287.7°
3 Mould Bay 76.2°N 119.4°w 79.1° 255.4°
4. Baker Lake 64.3°N 96.0°W 73.9° 314.8°
5. | Leirvogur 64.2°N 21.6°W 70.3° 71.6°
6 Fort Churchill 58.7°N 94.3°W 68.8° 322.5°
7 Great Whale River | 55.3°N 77.8°W 66.8° 347.2°
8. Abisco 68.3°N 18.8°E 65.9° 115.3°
9. Kiruna 67.8°N 20.4°E 65.3° 115.7°
10. College 64.9°N 147.9°wW 64.6° 256.1°
11. D8mbas 62.1°N 9.1°E 62.3° 100.1°
12. | Meanook 54.6°N 113.3°w 61.9° 300.7°
13. Sitka 57.1°N 135.3°W 60.0° 275.0°
14, St. John's 47.6°N 52.7°W 58.7° 21.4°
15. Ottawa 45.4°N 75.6°W 57.0° 351.5°
16. Victoria 48.5°N 123.4°W 54.3° 292.7°
17. Tucson 32.2°N 110.8°W 40.4° 312.2°
8. San Juan 18.4°N 66.1°W 29.9° 3.2°
19. Honoluly 21.3°N 158.1°yW 21.1° 266.5°

The chart records examined do not give any indication of special pulsational activity starting
simultaneously with the cosmic ray event. And, one could say with confidence that any regular or
irregular pulsational activity seen on the records would have been present whether or not the cosmic
ray event occurred. In other words the entry of the very high energy particles into the magneto-
sphere did not trigger any conditions which might lead to micropulsation activity.
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Fig. 1. Rapid run micropuféation record for January 26-27, 1971, from station Ottawa.

The rapid run Ottawa magnetogram for January 26-27 is shown in Figure 1. Simultaneously with
the ssc a Pi2 developed and was seen on Ottawa, Meanook, Baker Lake and Resolute Bay records; because
of instrumental problems the Meanook rapid-run records are not analysed further. The pulsational
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activity was in the Pc3, 4 period range and rather sinusoidal in nature a few hours prior to the Pi2
appearance on the records. Following the Pi2 irregular pulsational activity dominated the charts
and often rendered them unusable, especially at Ottawa. For stations Resolute Bay, Baker Lake and
Ottawa in Table 2 are shown:

(1) the average amplitude of the largest Pc3, 4 pulsation whenever present in all the 15
minute intervals lying between 1630 UT on January 26 to 0430 UT on January 27
(column 3 and 4);

(2) %he amp]i;ude of the dominant cycle of the Pi2 which developed at 0430 UT on January 27
column 5);

(3) the average amplitude of the largest Pi pulsations in each of the 15 minute intervals
during 0430 to 0630 UT on January 27 (column 6).

Table 2
Station Component Amplitude (nT)
Pc3 Pch Pi2 at Pi's after
ssc ssc
Resolute Bay Y - 0.8 9.2 1.9
Baker Lake X 2.0 1.9 14,0 13.9
Ottawa H 1.3 1.1 3.5 2.9

Clearly the amplitudes of pulsations, Pc's or Pi's are largest in the auroral zone (Baker Lake
in general is on the northern border of the auroral zone). The Pi amplitudes seem to fall much
more rapidly than those of Pc's on either side of the auroral zone.

Some high Tatitude normal run magnetograms showed Pc5 activity more distinctly than others
during the intervals preceding the ssc and after the peak of the substorm (seen at high Tatitudes)
which followed ssc. Most striking example is that of Great Whale River where Pch activity predom-
inates in all three components (Figure 2). There is a recognizable difference between the pulsational
activity before and after the substorm; the former is more sinusoidal and of small amplitude and the
latter is irregular and of Targe amplitude. The amplitude and the period of the Targest pulsation
in the Pc5 period range, in each hour, are measured from the normal magnetograms for the intervals
0000-0400 UT and 1000-1400 UT on January 27; the later interval begins closer to the end of the sub-
storm. The computed average values are given in Table 3 for several stations, a majority of which
Tie at high Tatitudes. It is seen clearly from the Table that whereas the amplitudes increased,
the periods of the Pc5 pulsations decreased after the substorm activity. The amplitude of the
pulsations was largest at Churchill prior to the substorm and at Great Whale River after the sub-
storm. This indicates an inward movement of the surface at which HM waves responsible for Pc5
oscillations are generated. After the substorm the amplitudes are found to be large at Great Whale
River and 70° to the West at College. However the amplitudes are found to be smaller at Churchill
and Meanook. In the latitudinal extent the amplitudes in general are found to decrease rather rapidly
but Kiruna and Abisco which Tie between the Tatitudes of Great Whale River and College show much
smaller amplitudes. This tends to indicate a sectorial effect to be prevailing. Therefore these
observations support the idea of Obertz and Raspopov [1968] according to which the region of excita-
tion of Pc5 is localized in space. Even with the small amount of data used here the effect of
increasing magnetic activity on the amplitudes and on the periods of Pc5's is clearly demonstrated.
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January 27, 1971.

Table 3

Average amplitude and the average period of the largest cycle of the
Pc5 micropulsations on January 27, 1971, in the H(or X) components.

Before the Substorm After the Substorm
Station 0000-0400 UT (Kp=04) 1000-1400 UT (Kp=6¢)
Amplitude Period Amplitude Period
(nT) (sec.) (nT) (sec.)

lert 7 297 46 288
Resolute Bay 13 459 24 252
Mould Bay 13 320 28 198
Baker Lake 12 374 33 310
Leirvogur 4 540 27 420
Fort Churchill 22 549 51 400
Great Whale River 13 580 80 405
Abisco 7 450 40 396
Kiruna 4 450 30 392
College 8 528 70 342
D8mbas 3 489 9 330
Meanook 4 477 49 342
Sitka 2 348 7 328
St. John's - - 6 310
Ottawa - - 12 275
Victoria 1 369 3 387
Tucson 2 520 6 340
San Juan - 400 2 380
Honolulu 2 500 6 300
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Cosmic Ray Event of January 24, 1971 and the Geomagnetic Variations

by

J. C. Gupta and E. I. Loomer
Division of Geomagnetism
, Earth Physics Branch
Department Energy, Mines and Resources
Ottawa, Canada

ABSTRACT

In the McMath plage region 11128 several flares of relatively low importance
occurred on January 24, 1971. The largest flare, Group 36350 [Solar-Geophysical Dataj,
began at 2215 UT with maxima at 2316 and 2335 UT, and importances of 1B and 3B, re-
spectively. Most probably the large cosmic ray increases recorded by the neutron
monitors near 2330 UT were associated with the very high energy protons ejected from
this flare. A moderate intensity ssc geomagnetic storm occurred about 52 hours after
the eruption of these flares. It was apparently caused by the impact on the magneto-
sphere of the solar wind modulated by the relatively low energy plasma ejected from
the solar flares of that day. An analysis is included for the complex polar substorm
which followed the ssc.

The movement of the auroral electrojet in the oval to the west and north and the
rotation of the oval to the west were inferred from the magnetic effects.

Data were insufficient to distinguish between the Akasofu and Feldstein equivalent
current models, and to determine the mechanism of the intensification of activity at the
northern edge of the oval. The anomalous nature of the current wectors at Godhavn and
Coliege remains to be explained.

It is the purpose of this report to examine the geomagnetic activity following a Targe and sudden
cosmic ray increase, which started about 2335 UT on January 24, 1971. The magnetic activity for a
few days (January 24-27) before and after the occurrence of this event is shown by the three hourly
Kp indices in Table 1. Clearly January 24-25 showed about average activity, January 26 was a very
quiet day and the disturbance started early on January 27.

Even though several tens of flares erupted during January 22-24 in the McMath PTage Region
11128, only some of the important ones are noted in Table 2 [see Solar-Geophysical Data, 19717.
Amongst tnese flares was fumber 6 which was of importance 3B and most likely produced particles in
a wide energy spectrum. However, the possibility that flare Number 7 is a strong source of particles
with different energies may not be discounted.

Table 1
Kp JANUARY 1971

Date Three-Hour Universal Time Intervals
1 2 3 4 5 6 7 8 ZKp
24 2- 2+ 1o 2+ 2+ 1- 3+ 4- 17+
25 4o 3- 20 2- 1+ 20 2- 1- 160
26 1= 0o 0o Oo 0+ 1- 0+ 0+ 2+
27 0+ 5- 60 4+ 5- 50 do 4o 330

Whereas the relativistic particles emitted during a flare arrive at the earth's orbit in a matter
of a few minutes, the bulk of the flare particles takes about 20-72 hours and produces si's or ssc's
on magnetic records. In the case under study the cosmic ray increase of January 24 occurred about
20 minutes after the first maxima of Group 36350 [SGD, No. 323, 1971] (see Teble 2). Based on this
transit time it is most probable that the relativistic protons with energies in the neighborhood of
1 Bev [Pinter, 1970] from this flare were responsible for the observed intense increase in cosmic ;
rays at high latitudes. About 52 hours Tatér on January 27 at 0430 UT a moderate intensity ssc geo-
magnetic storm was recorded by various observatories. Simultaneously a Forbush decrease was recorded
by the neutron monitors.
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Table 2

Grouped Reports=>1 JANUARY 1971
Flare No. Date Max Approximate Plage No. Importance
Location McMath
1 23 0414 N19 W21 11128 18
2 24 1814 N17 W46 11128 *1B
3 1830 N16 W45 11128 IN
4 2045 N19 W50 11128 N
5 2316 N19 W50 11128 *1B
6 2331 N18 W49 11128 38
7 25 0250 N19 W51 11128 *3F

*second brightening.

To expiain these observations it is suggested that the moderate/low energy pilasma ejected from
various flares of McMath plage region 11128 on January 24 modulated the background solar wind, the
impact of which on the magnetospheric boundary was mainly responsible for the observed storm. More-
over, the compressed geomagnetic cavity under the influence of this solar wind seems to have prevented
the background galactic cosmic rays from entering into the magnetosphere and thus giving rise to the
observed Forbush decrease. It is interesting to note that a similar ssc storm and a Forbush decrease
were recorded about 48 hours after the cosmic ray event of November 18, 1968 [Kawasaki and Akasofu,
19707].

For a few observatories (see Table 3) H-component variations on January 27, digitized from normal
magnetograms at 1 min-interval, are shown in Figure 1. The well-defined ssc occurred at 0430 UT on
January 27. This ssc was followed by a world-wide storm. The bulk of the particles from the flares
of January 24 had reasonable transit time to cause the observed ssc and the main phase decrease of
the storm.

Polar substorm 0600-1000 UT

The ssc of 0430 UT was followed by a complex polar substorm beginning about 0600 UT and lasting
for approximately 4 hours. The pronounced structuring of the traces at a number of stations, (see
for example GWR (H), Fig. 1), strongly suggests that 3 separate substorms occurred in this interval.
In this analysis 3 substorms have been identified which agree approximately in times of occurrence
with the main H- and Z-bays on the Leirvogur and Dixon Island traces.

Analysis of Magnetic Data

The stations used in the analysis are shown in Figure 2. H(X), D(Y) and Z perturbations were
measured from the quiet level (Kp=0) preceding the ssc, and expressed in the geomagnetic coordinate
system X!, Y*, Z. It is probable that the currents which give rise to polar magnetic substorms are
three dimensional and flow along field lines as well as in the ionosphere. However, to describe the
development of the substorm, equivalent ionospheric line current vectors have been calculated, using
both the horizontal and vertical components of the perturbation vector, following the procedure out-
lined previously by Loomer and Jansen van Beek [1971]. Plots of current vectors for a number of
instants during the storm are given in Figure 3.

Sequence of Magnetic Events

The growth of the auroral electrojet is evident in the midnight sector at 0555 UT when gradual
positive Z and negative H bays begin at Great Whale River (Fig. 4). At 0615 UT an impulsive event
was observed at Leirvogur in the early morning sector, and at Meanook, Victoria and College in the
evening sector. No unusual features were observed at Great Whale River at this time.
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Table 3

Geomag.Co-ords. ‘Geomag.Co~ords.
Station Lat.N Long.E Station Lat.N Long.E
* Al Alert 85.7 168.7 | Co College 64.6 256.1
RB Resolute Bay 83.1 287.7 | DI Dixon Is. 62.8 161.7
Go Godhavn 80.0 33.1 | Me Meanook 61.9 300.7
MLB  Mould Bay 79.1 255.4 Si Sitka 60.0 275.0
BL Baker Lake 73.9 314.8 | Ot Ottawa 57.0 351.5
Na Narssarssuaq 71.4 37.3 | Vi Victoria 54.3 292.7
Leir Leirvogur 70.3 71.6 | Fr Fredericksburg 49.6 349.8
Ch Fort Churchill 68.8 322.5| Tu Tucson 40.4 312.2
PB Point Barrow 68.4 240.7 | SJ San Juan 29.9 3.2
GWR  Great Whale River 66.8 347.2{ Ho Homnolulu 21.1 266.5
Ab Abisko 65.9 115.3

* see note following REFERENCES

The expansive phase of the first substorm to be clearly identified is believed to begin with the
sharp negative Z-bay at 0640 UT (Figure 4) which was superimposed on the positive Z-bay at Great Whale
River and Churchill. The bay lasted for 5 minutes and suggests an abrupt northward surge at this time
in the midnight sector. The intensity of the storm at 0640 UT is maximum near Great Whale River when
AH was about 420 vy, and Churchill, with the electrojet flowing to the south of these stations
(Figure 3). Current intensity at Great Whale River was 3.7x10° amps.

The next outstanding magnetic effect is the sudden commencement of the principal negative X-bay
at Baker Lake at 0652 UT. This may be interpreted as the effect of a westward surge which originated
at 0640 UT between Great Whale River and Churchill, and travelled along the 70° geomagnetic parallel
with a speed of approximately 1 km/sec [Akasofu, 1968; Loomer and Jansen van Beek, 19727.

The movement of the electrojet to the north of Great Whale River is seen on the magnetogram
(Figure 4) as a positive indentation of the negative H-bay from 0650 to 0710 UT with maximum at
0700 UT, together with the change in sign of the Z-perturbation, which becomes negative about 0700 UT.
Very similar effects are observed in the X- and Z-components at Churchill, and the majority of sta-
tions in and near the oval register an impulsive change in field around this time. The intensifica-
tion of the electrojet and its movement to the west and north are clearly shown on the current
vector plots for 0654 and 0700 UT. At 0710 UT, when X reaches its greatest negative value at Baker
Lake, the electrojet is already decreasing in intensity there. The largest current values for these
times are recorded at Baker Lake (5.2x10° amps at 0700 UT), and Godhavn. AH was maximum at Great
Whale River (650 y at 0654 UT) and Narssarssuaq (800 y at 0700 UT).

The continued movement of the electrojet to the north and west is evident in the negative X-
and Y-bays beginning about 0710 UT at Resolute Bay and Mould Bay. A westward-travelling surge seen at
Baker Lake at 0652 UT and travelling at 1 km/sec could be expected to reach the Resolute Bay,
Mould Bay area near 0710 UT, and the effects observed at this time at Resolute Bay and Mould Bay may
result directly from the expansion of the storm which developed in the midnight sector at 0640 UT.
However, independent substorm activity at the northern edge of the oval [Akasofu, 1970; Rostoker,
1971; Loomer and Jansen van Beek, 1971] is also a possible explanation. Latitude profiles in ax!
would appear to support this interpretation, but owing to the Timited number and unequal distribution
of observatories available for this analysis, it is not certain how reliable such profiles are.
Current vectors at 0728 and 0742 UT are maximum at Resolute Bay and Godhavn (4.6x10° amps at 0742 UT).
AH remains maximum at Narssarssuaq and Great Whale River (1050 y at 0742 UT). It is apparent from
Figure 3 that the electrojet is flowing westward around the oval at all longitudes at 0742 UT.

At 0806 UT the current is again maximum at Great Whale River (5x10° amps) and the electrojet is
appreciably south of the station. A new substorm apparently begins around this time. No outstanding
effects of this storm are evident in the oval, owing perhaps to the lack of auroral zone observatories
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between Churchill and Point Barrow. However, a very clear D transitional bay occurred at 0829 UT at
Tucson, situated in longitude between Great Whale River and Meanook, suggesting that the center line
of the substorm, or demarcation Tine, passed over Tucson from east to west at this time.

The third substorm was first seen at Meanook at 0835 UT with the sudden commencement of the main
negative H-bay. By 0840 UT College is also under the influence of the primary electrojet. Prior to
this College was south of the oval and in a predominantly eastward current flow. The movement of
the area of maximum intensity of the electrojet westward form Great Whale River to Meanook and College
is evident in the current vector plots for 0846 and 0852 UT. At 0852 UT AH was greatest at Meanook
when it exceeded 1000 gammas. Current intensity was 2.8x10° amps. Very clear examples of D transi-
tion bays are seen at Meanook where D changes from east to west at 0852 UT and at Victoria where the
changeover is at 0859 UT. Following Rostoker's model [1966] and using the method given by Loomer
and Jansen van Beek [1972], the velocity of the demarcation line relative to the sun-earth line was
0.9 km/sec at the latitude of the Meanook and College current vectors at 0852 UT. This is in good
agreement with the results of Rostoker et al. [1970].

Discussion and Summary

Substorm activity ended rather abruptly around 1000 UT. A strong southeasterly current flow was
recorded at Dixon Island on the current vector plots drawn for the 3 substorms. There were insuffi-
cient data in the day sector to distinguish between the Akasofu and Feldstein models [Akasofu, 1968]
of equivalent current flow. On some of the plots the orientation of the current vectors at Alert,
Abisko, Dixon Island, College and Point Barrow strongly suggests a two-celled current system. However,
it is difficult to explain the strong persistent northeastward current flow at College prior to
0840 UT.

The early growth of the electrojet at Leirvogur and Great Whale River may be an illustration of
the initial phase of the substorm identified by Loomer and Jansen van Beek [1971], and probably
identical with the growth phase believed by Rostoker [1972] to precede the explosive (or expansive)
phase of the substorm.

The intensification of the storm and the movement to the west and north of the storm center was
most clearly seen in the magnetic effects associated with the first substorm. The magnetic events
which followed the impulsive bay at 0640 UT at Great Whale River and Churchill suggested that a west-
ward surge travelling at 1 km/sec preceded the extension of the electrojet into the evening sector,
approaching Baker Lake at 0652 UT and flowing within 2-2%° of Resolute Bay at 0728 and 0742 UT.
Alternatively, the intensification of activity at Resolute Bay and Mould Bay may have been the result
of a separate substorm occurring at the northern edge of the auroral oval. The large current vector
at Godhavn was unexpected, and is perhaps best explained by the northward expansion of the electrojet
in the midnight sector.

The very large current vector at Great Whale River at 0806 UT, around the time assumed for
commencement of the second substorm, is an example of the return of the center of the storm in the
recovery phase to an area near the pre-expansion position, considerably east of the Tocal midnight
meridian, noted by Loomer and Jansen van Beek [1971].

Although much information concerning the development of substorms may be inferred from magnetic
data alone, a more complete analysis of this substorm will be published elsewhere.
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Owing to a large induction anomaly, care must be exercised in using Alert magnetic data. In
their paper "The Extension of the Alert Geomagnetic Anomaly through Northern Ellesmere Island, Canada"
(Canadian Journal of Earth Sciences, Vol. 8, No. 1, 1971}, 0. Praus et al. show that Alert magnetic

perturbations are not seriously affected by the anomaly unless the magnetic component transverse to
the strike of the anomaly is appreciably larger than that along the anomaly. The strike of the

anomaly is approximately N.E. to S.W.

For Alert perturbations used in this analysis the components

along and transverse to the anomaly are similar in magnitude, and the equivalent Tine current vectors
calculated from the Alert data should not be seriously distorted by the anomaly.
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