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[Lincoln, et al, 1972].

Ionospheric and Geomagnetic Effects of The Solar-Activity Event in August 1972

The Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation

by

R. A. Zevakina, E. E. Goncharova and L. A. Yudovitch

of the USSR Academy of Sciences
Moscow, USSR

ABSTRACT

SID, PCA Es disturbances of F-region and geomagnetic field for August 1-14, 1972 are comn-
sidered utilizing data from the stations listed in Table 3 and those in the Western hemisphere

tion, energetic protons and low-energy solar plasma during the flares.
particle fluxes in the ionosphere are determined by N(h) profile changes in Moscow.

Ionospheric and magnetic disturbances are compared with X-ray radia~
The parameters of

At the end of July there appeared a very active region at the eastern limb of the solar disk, and

during 1 - 11 August several scores of flares took place [Lincoln, et al, 1972].
accompanied by considerable increase of X-rays (Table 1).

Seven of them were
During the flares of 2, 4 and 7 August, be-

sides X-rays, considerable increase of energetic proton flux and low-energy solar plasma was also ob-
served (Table 2).
magnetosphere of the Earth.

Table 1

Solar flare, solar X-ray, fmin and SID data

As a result of this several intensive disturbances occurred in the ionosphere and

Solar X-rays

Max fmin (MHz)

SID*

SOLAR FLARES 1074 erg/cm® sec during SID
Date Start End Dur. Int. Loca- Moscow Kiev Ashkha- Magadan Khaba- Start End Tmp No. of
Aug. (UT) (UT) (min) tion ‘0.5-3A 1-8A bad rovsk (UT) (UT) Sta.
1972
1 0920 1215 175 1B NI13E45 6.9 326 2.6 2.0 2.2 1.4 2.3 0920 1010 2 10
1135 1145 1 6
1151 1220 1 4
2 0316 0506 118 1B 13 35 3.0 2.8 3.2 3.3 B 0312 0630 3 18
71.2 179 0620 0709 1- 2
0505 0800 175 2B 13 35 4.0 2.8 3.5 2.0 3.0 0740 0904 1- 2
2000 2430 2 15
1958 2336 214 2B 14 28 61.0 1470 1.0 1.6 1.2 2.8 2.3 2025 2230 2+ 8
0528 0907 1+ 2
0623 0947 3 22
4 0605 1158 358 3B 12 .08 746 4560 B B B .8 B 0942 1057 1- 1
7 1505 1905 240 3B 16W35 895 4560 3.9 3.0 B 1.0 2.3 1505 1710 3+ 37
1217 1233 2- 21
11 1216 1320 64 3N 10 90 37.3 815 4.0 2.7 B 1.0 1.0 1233 1400 2 16
~ *[Lincoln et al., 1972]
Table 2

Times of Solar Flares and Sudden Commencements, Solar Wind
and Shock Wave Velocities, Proton Flux and Interplanetary Magnetic Field

Start of Solar Flares Time of sc

SC.H (y) Delay of

Shock-~wave

Solar-wind Proton flux Interplanet.

Date: Date: in SC velocity velocity with ener i
gy magn. field
Aug. 1972 UT Aug. 1972 UT Moscow km/sec km/sec > 3.9 Mev. Y
2 0316 4 0119 24 46 900 585 215 6.6
2 1958 4 0220 45 30 1400 804 2980 5.2
4 0605 4 2054 189 15 2800 1130 >16380 19.2
7 1505 8 2354 48 33 1300 523 7660 7.8
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We have considered ionospheric and magnetic disturbances on the basis of the data of Soviet
stations (Table 3) and those in the western hemisphere [Lincoln, et al., 1972], and have compared them
with other disturbances related to analogous flares for past years. Variation of the lower ionosphere
was considered on the basis of parameters fmin, fEs, and riometer records; variation of the upper iono-
sphere was considered on the basis of parameters AfoF2 and AhpF2. Figure 1 represents X-ray and proton
variations [Lincoln, et al., 1972] causing some disturbances of the lower ionosphere, absorption (ac~
cording to the data of riometer on 30 MHz in McMurdo), fmin and fEs through the network of stations
(Table 3). It follows from Figure 1 that during all the flares an intensification of X-ray radiation
within the range 1-8 & caused the increase of ionization in the D-region manifested by the growth of
absorption (fmin) on the day-side of the Earth. During the first flare 1 August at 0920-1215 UT the
enhancement of X-rays and absorption was not great. On 2 August from 0316 to 0800 UT a sudden iomo-
spheric disturbance (SID) was observed at all stations considered. 1In the evening of 2 August at 1958~
2336 UT it was observed only at Heiss Island and Magadan where the ionosphere was illuminated. In the
eastern hemisphere the most intensive SID was recorded on 4 August at 0605-1158 UT during which total
absorption (B) was observed at all stations considered, excepting Magadan, where the sunset had already
come. The most intensive flare was that of 7 August at 1505-1905 UT that caused a great SID even on
the evening side of the Earth (in Moscow, Kiev, Ashkhabad). The flare of 11 August at 1216-1320 UT
was followed by SID of moderate intensity. SIDs determined by fmin and some other methods are cited
in Table 1. It follows from this Table that the most intense (importance 3+) was the SID on 7 August
observed at most of the stations (37). The next by intensity (importance 3) is the SID of & August at
0623-0947 UT observed at 22 statioms, and then the SID of 2 August at 0312-0612 UT with the importance
3 observed at 18 stations. Intensities of SID's are in full accord with the variation of X-ray ener~
gies.

Table 3

List of Soviet Stations Providing Data for the August Events

No. Station Geographic Geomagnetic L-Value
Lat Long Lat Long
1. Heiss Is. N80.62 E58.05 N71.3 E156.1 9.8
2. Murmansk 68.95 33.05 64.1 126 .5 5.3
3. leningrad 59.95 30.70 56.3 117.3 3.2
4, Moscow 55.47 37.32 50.8 120.5 2.5
5. Kiev 50.45  30.50 47.3 112.2 2.1
6. Ashkhabad 37.93 58.36 30.6 133.5 1.4
7. Magadan 59.55 150.80 50.2 211.5 2.4
8. Khabarovsk 48.52 135.12 37.9 200.1 1.6

The second important event of the flares observed in August in the lower ionosphere was the polar
cap absorption (PCA). It started on 3 August at 0700 UT in Godhavn ( = N79.9°), at 0800 UT in Nars-
sarssuaq (¢= N71.39), and at 1100 UT in Heiss Island (¢= N71.39). At the same latitudes in the
southern hemisphere at McMurdo (¢ = $79.0°) the PCA started 18 hours later (at 0100 UT on 4 August)
and had its maximum om 4 August at 0100-0400 UT (7 dB) and at 1400-2300 UT (12.5dB). ©On 5 August,
the intensity of the PCA decreased considerably from 3 dB in the morning down to 1 dB in the evening;
and on 6 August, from 1 dB in the morning down to 0.5 dB by the end of the day. PCA connected with
the first three flares ended at McMurdo on 6 August at 2000 UT. For the northern hemisphere we could
not determine the end of the first PCA and the beginning of the next on because, according to the
vertical sounding data, total absorption was observed up to 10 August. PCA related to the flare of
7 August started at McMurdo at 0100 UT on 8 August and reached its maximum (5.5 dB) at 0000-0300 UT on
9 August, and by 1100 UT on 9 August it stopped. 1In the northern hemisphere, PCA ended on 10 August
at 1800 UT at Godhavn; at 1100 UT at Thule (¢ = N89.1°9). Tn the auroral zone, a total absorption was
observed up to 11 August but due to auroral absorption the end of the PCA was not determined.

It is of interest that at Godhavn the PCA started 2 hours after the proton flux of energy between
6-21 Mev had increased by one order of magnitude and reached 100 particles per cm™* sec™ !, while at
McMurdo, at the same latitude in the southern hemisphere, it started on the next day when the proton
flux had increased by two orders of magnitude. Delay of PCA relative to the commencement of the proton
flux increase in the northern hemisphere is apparently comnected with the time of day. The great delay
of PCA in the southern hemisphere is obscure. It is also not clear why PCA on 5, 6 and 9 August were
of considerably smaller value than on 4 August, although the proton flux on those days was more than
on & August. It is possible that the proton flux of 5, 6 and 9 August consisted of more emergetic
protons (>10 Mev) playing a lesser role in the ionization of the lower ionosphere.

The third significant effect of the flares in the lower ionosphere was the auroral absorption
which we have not comsidered because we had no auroral zone riometer records.
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habad (Figure 1).
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Fig. 1. X-rays (0S0-5), protons (Pioneer 9), McMurdo riometer, and fmin and
fEs data from seven stations for the: period 1 - 14 August 1972.

The fourth effect in the lower ionosphere was the change of fEs in middle latitudes.
disturbance from 4 to 10 August, a decrease of fEs by 2-3 MHz was obsérved at Moscow, Kiev and Ashk-
Such effect of Es is typical for great summer disturbances [Zherebtsov and Kurilov,
A decrease of fEs of the same order was observed during the storms of 15-16 August 1959, 30-31
During strong disturbances the mechanism of Es-formation becomes weaker at

middle latitudes.

The next ionospheric effect is the disturbances in the F-region connected with the radiation of
low-energy solar plasma, with the increase of solar wind.
disturbances.

9, Kp, Dst (H) [Lincoln et al.

observed with a sudden commencement at 0119 UT on 4 August and at 2354 UT on 8 August.

superimposed on each other.

very strong disturbance consisted of three disturbances with sc at 0119, 0220 and 2054 UT on &4 August,
It continued 83 hours, till 1200 UT on 7 August. After every strong flare
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They occur simultaneously with magnetic
Figure 2 shows the variations of solar wind velocity according to the data of Pioneer
1972} AfoF2 for mid-latitude stations (Table 3) and AhpF2 for Moscow.
It follows from Figure 2 that from 4 to 13 August two great magneto-ionospheric disturbances were




an enchancement of magnetic and ionospheric disturbance occurred. The first disturbance started 46
hours after the flare of 0316 UT 2 August, the second one 30 hours after the flare of 1958 UT 2 August,
the third 15 hours after the flare of 0605 UT & August, and the fourth 33 hours after the flare of

1505 UT 7 August. The flare of 11 August was observed at the solar limb (W90°). Therefore it did not
cause an ionosphere-magnetic storm.
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Fig. 2. Solar wind velocity (Pioneer 9), Kp, Dst, AfoF2 for mid-latitude
stations, and AhpF2 for Moscow for the period 1 - 14 August 1972.

As is seen from the delay and the value of sc-geomagnetic disturbance, the most intensive shock-
wave was caused by the flare of 4 August. It was propagated with a very great velocity ~2800 km/sec™ L,
impinging on the Earth for a period of 15 hours; it caused a huge sc (189y) and a very active storm
consisting of gigantic pulsations even at middle latitudes. Shock-wave velocity from all flares
considerably exceeded the solar wind velocity (Table 2). However, the greatest excess velocity (more
than twice) was observed after the flares of 4 and 7 August.
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On 3 August (the day before the first sc), foF2 increased by 20-40% at middle latitudes (Lenin-
grad, Moscow, Kiev). On 3 August and on the previous day, the Earth's magnetic field was quiet
(X kp = 10). An increase of foF2 before magnetic storm commencement has been observed earlier
[ Gontcharova et al, 1970], but the causes of this phenomenon are not clear as yet. The interplanetary
magnetic field was disturbed on 3 August: from 2230 UT 2 August up to 0600 UT 3 August there was a
change of field direction from 340° to 098° [Lincoln et al., 1972]. At 0400 UT 3 August the field
increase started. About 1100 UT the field jumped from 20 to 84Y. During the change of magnetic field
direction a considerable increase of proton flux was observed. TFrom 0230 to 0600 UT, flux energy
>13.9 Mev increased from 2670 to 9750 particles cm™% sec~l. The increase of foF2 on 3 August was ap-
parently connected with the growth of the interplanetary field.

Since the time of sc at 0119 UT on 4 August the disturbance was developing according to the
known laws. On the night side of the Earth (at Leningrad, Moscow, Kiev) immediately after sc there
were observed: a decrease of £oF2 and an increase of hpF2, while on the day side (at Magadan and
Khabarovsk), an increase of foF2. With sunset at these stations, a decrease of foF2 was observed.

At lower latitudes (at Ashkhabad, ¢ = N30.6°) foF2 decreased only 19 hours after sc. Maximum decrease
of foF2 (60-75%) at all stations was observed on 5 August during nighttime; the most intensive at
Moscow (Table 4). At the same time the maximum increase of hpF2 took place. The first ionospheric
disturbance ended at Leningrad simultaneously with the magnetic disturbance on 7 August at 1200 UT,
but somewhat earlier at stations at lower latitudes (Table 4).

Table 4

Ionospheric Disturbances on 4 and 9 August 1972

Ionospheric Disturbance Ionospheric Disturbance
Station Start End Time of AfoF2 Duration Start End Time of AfoF2 Duration

Aug. 4 Aug. maximum (%) (Hours) Aug. 9 Aug. maximum %) (Hours)

uT uT decrease uT uT decrease

foF2 £oF2
Aug. Aug. UT Aug. Aug. UT

Leningrad 02 7 12 5 20 -62 82 17 13 04 9 22 -60 83
Moscow 02 7 09 5 20 -75 79 17 13 02 9 23 -50 81
Kiev 02 7 07 5 20 -65 77 17 13 04 9 22 -55 83
Ashkhabad 20 6 04 NF NF 34 17 13 04 A (-30F) 83
Magadan 08 7 04 [ C 68 09 13 00 F F 87
Khabarovsk 09 7 11 5 17 -62 75 17 10 21 9 24 30 28

Where: A - Measurement influenced by, or impossible because of, the presence of a lower thin
layer, for example, Es.

- Measurement influenced by, or impossible because of, any non-ionospheric reason.

Measurement influenced by, or impossible because of, the presence of spread echos.

- Conditions are such that the measurements cannot be interpreted.

=z 0
'

The second disturbance (like the first ome) started at near midnight hours (2354 UT on 8 August),
but it was developing in a somewhat different way. After sc on the day side (at Magadan, Khabarovsk),
an increase of foF2 too place, and on the night side, a small decrease only at Leningrad. At this
at Moscow the F2-layer rose and hpF2 increased for 100-120 km, with normal values of foF2.

A sharp decrease of foF2 started at 1700 UT on 9 August when the height of the F-region had
already lowered, approaching normal. Maximum decrease of foF2 (50-60%) was observed at 1900-2400 UT
on 9 August when hpF2 values were increased by 10-60 km. An active period of ionospheric disturbance
at 1900-2400 UT was observed every day up to 12 August, most clearly expressed at leningrad. During
active periods, hpF2 values were changing within + 40-50 km from the median.
tinued for 83 hours till 0400 UT on 13 August. h
(~-AfoF2 = 60%).

The disturbance con-
The most active disturbance was observed at Leningrad

During the first disturbance of 4-7 August the greatest activity of
(¢ = N50.8°) and it was decreasing with the decrease of latitude but not
from 75% in Moscow down to 62% in Khabarovsk (Table 4). Activity of the
least; therefore its maximum occurred at higher latitudes (¢ = N56.39).

disturbance was at Moscow
as sharply as on 9 August,
second disturbance was the
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During the first disturbance the F-region suffered the changes characteristic of other great
disturbances (July 1959; March-April 1960; August 1966; May 1967). During the second disturbance the
change of F-region was unusual. The rise of F-region maximum without considerable change of electron
concentration has been observed earlier [Shapiro and Shashunkina, 1967]; however, the mechanism of
such changes is not clear as yet.

A characteristic phenomenon during strong disturbances is a maximum of F-region disturbance at
middle latitudes [Zevakina et al., 1971]. It is assumed that it is connected with processes at the
plasmosphere boundary, and with the dynamics of the equatorial ring current. Replenishment of the
equatorial belt with particles causes (besides the enchancement of ring current) also an enchance-
ment of particle f£lux along the lines of force for L <4. Precipitation of particles into the upper
ionosphere, as is known, causes an additional ionization. During the initial period of disturbance,
before the upper atmosphere heating, this mechanism of ionization changes in the F-region apparently
played an essential role, not only at high but at middle latitudes as well. With heating, the pro-
cesses in the ionosphere become more complicated.

Using ionization changes with height one can determine parameters of the fluxes causing these
changes [Rees 1969]. For this we have considered the change of N(h) profiles for night hours at 15-
minute intervals for the Moscow station. Figure 3 represents N(h) profiles for 0045 UT in the quiet
period of 2 August (1), in the positve phase of 4 August (2) and in the main phase of 6-7 August
(3,4). Figure 3 shows that, during the main phase of disturbance, a sharp6dec§ease is observed for
both the total electron content (nr=1.6x10 cm™ 4, n13=3.0x10"cm™*, n,=9.6x10"cm “) and the ionization
at all levels relative to quiet conditions. Besides that, the whole layer is lifted upward and its
geometry i; changed. During the positive phase (2) an increase of total electron content takes place
(np=3.1x10 cm"2), and at all levels the electron concentration is growing, and h,,.F2 is decreasing
as compared with a quiet day, the layer geometry being changed insignificantly.

According to the data of N(h) profiles for quiet periods and for positive phase, the altitudinal
profiles of ion-formation velocity q(h) conditioning such changes in electron concentration were cal-
culated.

A, um

380 |-
I 4 an45 LT
340 |
300 | 2
260 |
220 |

80

90

1 1 1] £ 1
/10 20 30 yo WI0™Y
ELECTRON DENSITY (cm™3)

Moscow. August, 1972,

Fig. 3. N(h) profiles for 0045 UT on quiet day 2 August (1), positive phase of disturbance on
4 August (2), and the main phase 6-7 August (3,4).
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For calculations of q(h), the model of . the neutral atmosphere of Jacchia [1964] was applied. For
each level, starting from 110 km and up to VN by o F2 with steps of 10 km, the continuity equations were
solved

9 +
=q-ow -p (L

E%T = Mz(N—M#) - OLNM+ @

where N, MY, M, are the concentrations of electrons, ions and neutral molecules, respectively, o is the

average welghted coefficient of dissociative recombination taken equal to 2x10“73§§-sec"7;
Y is the average weighted coefficient of ion-molecular reactions velocity: e
Y=Y [02] + 'YZ[NZ] 3

where v, = 10" g0t according to data from laboratory experiments.

Y, depends on the oscillation temperature of nitrogen molecules [Schmeltekopf et al. 1967].
Assuming that the oscillation temperature of nitrogen is equal to the temperature T, of thermal
electrons, the values of Y, were found from Thomas [1968]. D is the term conditioned by vertical
transfer of ionization:

_ 9 oN N
~D = 0 sDa (5‘1; T ﬁ;) (4)

where Hi = R(TetTy and Da - is the coefficient of ambipolar diffusion [Dalgarno, 1964]

2mg
P 19 [T o
Da = 1.38x10 1000 [b] sin‘y (5)

C is the concentration of main neutral components at these altitudes from the corresponding model.
Assuming dM/dt = 0, i.e. considering quasi-stationary approximation of the description of the pro-
cesses of appearance and disappearance of charged particles [Velitchansky and Klimov, 19707,
equations (1) and (2) are reduced to the relatively general form:

- N yM2N
Q=735 *+ oN T om D (6)
At altitudes where M, >> oN
_ N 2
4= 75 + oN (7

This relation describes the decrease of electrons in the lower part of the ionosphere. In the
upper ionosphere up to b F2i YM, << ON

= N
a=%5 + YW, + D (8)

At intermediate heights equation (6) was applied where YM, v ON.

For quiet conditons, during the calculations of ion~formation velocity, equations (6), (7), and
(8) were solved under the assumption that T, = Ty = T,, and for disturbed conditions T, = 2 T,
Ti = 1.5 Tn.

The value T ., was calculated on the basis of the Jacchia model taking account of correction for
magnetic activity, and were obtained: T o = 900° (for quiet conditions), and T » = 950° (for
positive phase).

Then the experimental profiles q(h) were compared with the theoretically computed profiles q(h)
under different assumptions of the character of the energetic spectrum of entering electrons
[Zherebtsov et.al., 1970].

The best agreement with the experiment was obtained as follows:

for a quiet night the spectrum in the form N = NOE»exg(‘E/O.S)
with the flux of particles within energy range from 0.1 up to 12 kev Vv 10°% el cm™2?sec™i;

for the positive phase: N = NoEo'sexp('E/O.S)

with the flux: A 10° el em?sec™?,
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Ionospheric Behavior during August 2-11, 1972 Derived from
Data_of the Ionosphere Vertical Sounding over Khabarovsk

by

E. G. Mirmovich
Academy of Sciences of the USSR
Soviet Geophysical Committee
World Data Center, Moscow, U.S.S.R.

The data have been obtained with an SP-3 ionosonde in Khabarovsk (geographical coordinates:
N48.5, E135.2; geomagnetic coordinates: N37.9, E200.1).

Standard f-plots shown in Figures 1-10 present the general picture of ionospheric behavior
during several solar flares in this period. For comparison Figure 11 shows the medians of the
regular layers' frequencies, fmin and fbEs.

Figure 12 shows foF2 deviations from the median for the whole period. Of the four flares
marked on Figure 12, the one on August, 4 had the largest effect on the D-region (Figure 3).
According to data published in "Solar-Geophysical Data' [1972], SOLRAD 10 Outstanding X-ray Events,
this flare produced emission flux in the 0.5-3 A range and the 1-8 & range ten times and three times,
respectively, as large as each of the preceding ones.

The world-wide station network recorded four magnetic storms with sudden commencements; they are
marked by the letters sc on Figure 12. It is possible to distinguish four ionospheric disturbances
associated with the magnetie ones. If a sharp decrease of critical frequency or of electron density
in maximum F2 is considered as a sudden commencement of ionospheric disturbance, it can be seen from
Figure 12 that the delay of that decrease in reference to an sc is 0.5-1 Hour. Figure 13 shows this
delay in A hpF2 and A foF2 for August 9; the curves are drawn using 15 minute values. In this and
other cases a slight increase of foF2 can be observed in the intervening time between the ionospheric
disturbance commencement and the sc.
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IONOSPHERIC DATA
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_IONOSPHERIC DATA
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Hourly deviations A foF2 (MHz) from the median for the period 0000 LT August 2 to
2400 LT August 11.

The occurrence of solar flares ( l ) and those of the magnetic disturbance sudden
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August 9, 1972,

560




Tonospheric Report for July 24 - Augqust 14, 1972
for STough, South Uist and Port StanTey Observatories

by

R. W. Smith
Radio and Space Research Station
Ditton Park
Stough, Bucks, England

Slough

Apart from much blanketing by cusp-type Es on August 2 when very 1ittle was seen of the F-region
all day, nothing out of the ordinary was recorded until 0500 UT on August 4 when an unusually pro-
nounced foFl was followed by near-G conditions at 0600 UT and then about two hours of blackout. For
the next 2% days the F-region remained highly disturbed with mostly G condition (foF2 less than foF1)
by day and much oblique scatter and reflections indicating a trough-like structure by night. Daytime
values of foF2 were at least 1-2 MHz below the monthly median, and the corresponding nighttime values
were as much as 4 MHz down, e.g., at midnight foF2 dropped to 1.5 MHz (monthly median is normally
5.0 MHz). On August 6 foFl was also well below the median, and for most of the stormy period compiex
F1 structure was present. As an example, at 1730 UT on August 5 a very distinct travelling disturb-
ance in F1 finished up as a total-blanketing cusp-type Es. On August 7 a series of complex F1 iono-
grams was followed by an SID at 1600 UT which appeared to herald the return of normality to the iono-
sphere.

South Uist
At South Uist, which is roughly 1000 km north of Slough, blackout persisted for about 24 hours

after the start of the storm and was followed by stormy high Tatitude conditions. Ionograms appeared
normal again on August 8 although very Tow criticals were recorded from midnight to dawn on August 10.

Port Stanley
Nothing out of the ordinary was recorded apart from the SID of August 7.

(Ionograms were taken every hour at all three stations plus every quarter hour at Slough during
the storm. They are available from World Data Center C1).
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Manila Ionospheric Soundings in the Interval July 26-August 14, 1972

by

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

Throughout the active solar period July 26-August 14, 1972, departures from the median
pattern of the quiet ionosphere are deserving of explicit mention. On two days, namely August 2nd
and 4th, the ionosphere was severely affected, having total blackouts on each of these two days.
Heavy, destructive rains and floods in Manila and environs made observing difficult. However apart
from a few short power interruptions the ionosonde records were complete,

AUGUST SECOND., Manila SPA records show the start of an event at 0312 Z for the known
flare starting earlier than 0316 Z [Lincoln and Leighton, 1972] i. e. within the hour prior to local
noon, a period when the sun in August passed near the zenith. When Manila had its blackout Maui
[Lincoln, id.] reported values for f-min at about 3. 8 MHz., Before the flare Manila ionograms for
the twelve hour period starting at the previous local mid-night presented full weight readings both for
foF2 and fxF2. No spread echoes were found during this period but the records gave clear, fairly
noise-free traces. The F2 critical frequencies followed the dinurnal trend for August i, e. after mid-
night, values generally dropped with some slight variation to the predawn dip. Under sunrise influence
the foF2 values increased sharply and rose with the solar elevation. In comparison with values a few
days both before and after, the predawn dip for foF2 on August 2 descended to the lowest value. By
flare time the foF2 became slightly greater than the corresponding prenoon values of those days,

Thus the change from a low predawn dip to the 0315 Z value was more rapid (frequency/time rate)
than the values of days before and after. Throughout the local morning pre-flare hours, the iono-
grams including that at 0301 Z showed normal diurnal values for f-min. The 0315Z ionogram gave

an f-min of 4, 2 MHz, an increase of absorption seen as due to the D-region with no sign of absorption
effects produced in the F-region. Since the Manila records had the starting time as 0312 Z for S8PAts
ofi two paths and as 0313 Z for one SWF at 9.6 MHz and as 0314 Z for three other SWF's at 12, 0, 15.0
and 18,0 MHz, the 0315 Z Manila ionogram indicated that by this time ionization density had increased
in the D-region. The pronounced '"h'' type Es present for an hour prior to flare time also showed on
the 0315 Z record with f-min Es at 4.2 MHz.

SID Event (0315 Z onwards). The 0315 Z ionogram was clearly transitional. While showing
Es and a complete F-region record, there were two indications of flare effects: a) the increased
f-min and b) the decrease in radio noise particularly beyond 4.5 MHz. The 03302 ionogram mani-
fested the condition of nearly total blackout since radio noise from other sources operating above
4.0 MHz was missing while ionosonde echoes were all but totally obliterated. Careful inspection,
however, revealed the high region of an F trace extending faintly from 9.3 MHz to 10. 6 MHz. This
weak trace of the F2, the only ionosonde echo, could readily be overlooked.

After the Flare. The 0345 Z recording manifested a total blackout. This single record by
itself might have suggested that absorption due to the D-region extended to the vicinity of the upper
frequency limit of the recorder. But weak F2 echoes appeared on the 0330 Z and the 0355 Z records.
Faint as these records were they indicated that the 0345 Z record with no visible trace at all was
blanketed by a D-region density capable only of occulting maximum frequencies not greatly beyond the
highest frequency of the 0355 Z record. The next four records: 0359; 0400; 0401; 0405 Z showed all
traces occulted. At 0410Z the F2 layer appeared faintly indicating a decrease in D-region ionization
density. The next ionograms taken at 0415, 0420 and 0425 Z showed no echoes. Just prior to this
increased absorption at 0415 Z solar radio emission observed at 0411.9 Z [Lincoln, id.] facilitated
production of greater D-region ionization. After 0430 Z the F-region echoes began to appear except
for a reversal at 0455Z. Solrad 10 - Explorer 44 showed a solar X-ray increase at 05 hour over
that of 04 hour. [Lincoln, id.] A comparison of the foF2 values before and after the blackout (Fig. 1)
manifested continuity rather than a sudden change in the F-region ionization. The Es traces after the
flare stood out clearly with relatively high ftEs values. Starting at 0745 Z with a value of 14,0 MHz
for ftEs, this parameter gradually increased to 18,0 MHz at 0755 Z and remained at 18. 0 MHz until
0815Z. In the F-region, storm stratification (the "L condition) began at 0917 Z. Normally found
during daylight hours this "1"' condition persisted until 1045 Z.
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TABLE 1. Sequence of Blackout and Recovery

Time (UT)  f-min F2 foF2 h'min Time (UT) f-min F2 foF2 Th'min
August 2 MHz MaxFreq MHz Km. August 4 MHz MaxFreq MHz Km,
0315 4.2 10.6 10.6 240 0614 3.7 9.5 9.5 230
0330 9.3 10.6 R 520 0625, 30, 35 TOTAL BLACKOUT
0345 TOTAL BLACKOUT 40, 45,50 TOTAL BLACKOUT
0355 9.5 10.8 R 530 55,59,0700 TOTAL BLACKOUT
0359, 0400 TOTAL BLACKOUT 0701 10.0 11.0 11.0 410
0401, 0405 TOTAL BLACKOUT 0705 8.0 11.0 11.0 355
0410 10.2 11.0 11.0 570 0710 7.8 11.0 11.0 345
0415, 20, 25 TOTAL BLACKOUT 0715 7.6 11.0  11.0 335
0430 9.3 10.0 R 530 0725 6.0 11.0 11,2 335
0435 9.4 10.8 11.0 535 0730 5.8 11.2  11i.2 335
0440 9.7 10.0 R 540 0735 5.4 11.2 11,2 335
0445 9.6 10.8 11.0 540 0740 5.3 11.3  11.3 335
0450 8.0 10. 8 R 475 0745 5.0 11,3 11.3 330
0455 TOTAL BLACKOUT 0750 4.7 11,3  11.3 300
0459 8.4 10.6 R 480 0755 4.5 11.3  11.3 300
0500 9.5 10.8 R 500 0759 4.5 11.3  11.3 300
0501 7.8 11.0 11.1 450 0800 4.8 11.0  11.3 330
0505 9.5 11.0 R 500 0801 4.3 11.2  11.2 295
0510 8.1 11.0 R 460 0805 4.8 11,0 11.1 325
0515 8.1 11.4 11.4 460 081¢ 4.7 11,0 11.0 320
0520 8.0 11.0 R 450 0815 4.4 11,0 11.0 310
0525 7.6 11.0 11.5 435 0820 4.3 10.8 10.8 310
0530 6.8 11.0 R 420 0825 4.4 10.7 10.7 310

AUGUST FOURTH. The second of the two major blackouts recorded on the Manila ionograms
during the passage of McMath Solar Region 11976, in late July and early August, took place on August
4 starting at 0625 Z. Start of recovery came after 40 minutes. Prior to this total absence of vertical
incidence reflections the ionosphere during the local night manifested some notable features of an
abnormal ionosphere. In the evening hours the sporadic E appeared as the dominant feature. For
example, at 1400Z, August 3, seven sporadic-E multiples were present with no F-trace and the top
Es frequency went above 13 MHz. With so many passages of the energy between the transmitter level
and the E-region, the D-region was weak in ionization density, while on the contrary the E-region
attained a rather high electron density of ionization, about two million electrons per cubic centimeter.
The E-region critical frequency remained high throughout most of the night, but not always nor
totally, blanketing the F-region. After local midnight, range spread in the F-region persisted until
it changed to frequency spread near dawn. For some three hours after 1800 Z the series of ionograms’
indicated, by the oblique echoes, that a dense cloud of ionization was approaching the station to pass
overhead. After dawn sequential Es appeared descending from E2. Also characteristic of a disturbed
ionosphere was the appearance of the F-trace from about four hours before noon on the fourth until the
burst of solar energy produced the blackout. A rather fine sequence of morning ionograms developed
with the signs of a lunar layer. The top F-frequency was about 2 MHz lower than usual for these days;
several stratified F-layers appeared; and the virtual heights went into a "W"' condition, i.e. with
heights in excess of 700 kilometers.

S ID. Four Manila SWF receivers respectively at 9.6, 12.0, 15,0 and 18.0 MHz recorded
the start of the short wave fadeout at 0621 Z with the maximum at 0633 Z and end time at 0850Z. The
first Manila ionogram this day to present a total blackout was taken at 0625 Z, All immediately sub-
sequent ionograms showed the continuance of the blackout until the 0701 Z ionogram when this one on
high gain and contracted scale gave a faint indication of the top end of the F-region between its f-min
of 10.0 MHz and its foF2 of 11. 0 MHz. Within four minutes the F-layer recovery reached an f-min
of 8.0 MHz at 0705 Z. The f-min remaining in the F-region decreased gradually on successive
frames for two hours. During this interval a multiple of the F-trace appeared at 0900 Z while shortly
after at 0910 Z the E-layer had its first appearance. From 1030Z the Es trace came back and the
echoes followed a normal pattern. F2 critical frequencies had full weight readings all through the
local night to 2359 Z, August 4.
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SOME OTHER ACTIVE DAYS. Due to solar activity throughout the active interval remarkable
ionospheric effects were found on some other selected days. Local August 3 came a day after a SID
and a day before another blackout. On this day the predawn foF2 remained very high, 5.9 MHz at
2100Z August 2. The previous blackout could have contributed to this result by limiting electron loss.
Also the solar burst and flare beginning about 1958 Z had some influence particularly in the still dark
ionosphere. After sunrise, from 0715 L. T. throughout the day to 1700 L, T. the ionograms were
particularly free of radio noise. The presence of the F1 1/2 layer from noontime for some three
hours added confirmation to the storminess. While Es was quite prominent in the daylight hours,
at 1000 Z a rapid rise started in the top frequency of the Es traces.
beyond the upper limit (25 MHz) of the recorder. However the Es did not blanket the F-trace which
appeared from 4.5 MHz to 11 MHz. Yet fifteen minutes later, at 1030Z, the ftEs remaining ahove
25 MHz totally blanketed the F-trace. This condition perdured through 1045 Z,

At 1015 Z this frequency went
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Local August 5. The rarely occurring forked trace appeared on the 0511 L. T. record.
During the local night (August 4-5) hours very clear and regular F-layer characteristics were
presented. The daytime hours deviated quite drastically from the usually expected variations. The
foF2 plot (cf. Fig. 1) showed sharp morning rise to 14. 0 MHz in a 45 minute period followed by an
abnormal descent. There was an increase to noontime and then a growth to a maximum of 15. 6 MHz
in the afternoon hours followed by an evening drop, not according to the usual pattern. The corres-
ponding F2 virtual heights were significantly low during the morning critical frequency peak. After-
wards the retardation of the F-region created a "W" condition at 03502Z. Later the curve behaved in
appearance as a more normal F2 layer. At the peak of foF2 at 0815Z an "L condition for the F-trace
set in which lasted until 1045 Z.

Local August 7. On this day from 0800-1045 L. T. the ionograms were regular with E, Es
and F-layers present. Manila Observatory reported an Sb flare starting at 1052 E. All the following,
each with starting time 1052, - SPA's on three paths, SWF's at four frequencies and SCNA's at 18
and 30 MHz - were likewise reported at Manila, At 1055 the ionosonde records grew more free of
noise from extraneous radio sources; the E- and Es-layers were blanketed; the f-min increased to
5.1 MHz. The f-min remained high for nearly two hours with the 1205 L. T. f-min reaching 6.1 MHz.
During this noontime two-hour period the foF2 dropped down one MHz and then returned. The traces
after the dip showed retardation and stratification but were otherwise quite regular in values for the
remainder of the day.
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HF Doppler Observations at Boulder, Colorado, August 1-12, 1972

by

G. M. lLerfald and R. B. Jurgens
NOAA, Boulder, Colorado 80302

1. Summary

An HF Doppler system has been operated near Boulder, Colorado since September 1971. The data
collected during the solar and geomagnetic storm events of early August 1972 have been studied, with
particular emphasis on selected time periods. In this short report we describe the Doppler system
including methods of data analysis, tabulate discrete events observed on the Doppler recordsiand pre-
sent examples of results obtained by intensive analysis of certain events. Additional analysis of
events occurring during the August 1972 period is planmed.

2. System Description

The system description will be limited to those aspects necessary to understanding how the
measurements are made and interpreted. The physical arrangement of the system includes the use of
three transmitting sites and one central receiving site. If one assumes reflection from a horizontally
stratified ionosphere, the midpoints of the skywave propagation path from those transmitter sites to
the receiving site lie at the corners of an approximately equilateral triangle 40 km on each side.

At each transmitting site, 3 separate CW transmitters are operated. The transmissions are at
frequencies of approximately 2.4, 4.8 and 6.0 MHz with approximately 2 kHz frequency between the
transmitters at the respective stations to allow the signals to be separated by ordinary receivers
at the receiving site. Each received signal is mixed with a local oscillator signal to give a beat
frequency of a few Hertz. The signals are recorded on a slow moving analog tape recorder, and for
real-time display several channels are recorded on a chart recorder. The beat frequencies are each
input to a frequency to voltage converter which produces an analog output proportional to the frequency
at its input. This analog signal is sampled and digitized 10 times per second, averaged by an on-line
computer and an averaged sample point recorded, once every 5 seconds. The amplitude of the incoming
signal for 3 of the channels is similarly sampled, digitized and recorded, making a total of 12 chan-
nels of digital data recorded for the system. The beat-frequency Doppler data recorded on analog
magnetic tape are processed by an electro-mechanical spectrum analyzer which produces a paper-strip
display of the beat frequencies as a function of time.

It has been found a great advantage to have available both the analog and digital data formats.
This is true because the digital format is capable of representing only a single valued function of
time, whereas Doppler records sometimes exhibit multiple frequency functions. In such instances,
digital records could easily give misleading results if processed blindly. In practice the analog
records are used as a means of checking, correcting, or rejecting sections of digital data for further
processing.

A single channel of HF Doppler data provides in effect a measure of the apparent rate of change

., of phase path length along the propagation path. For the case of traveling ionospheric disturbances,

most of the phase path length changes are believed due to the changing physical position of the iono-
spheric reflection point. This motion of the apparent reflection point will be in 3-dimensions, but
analysis is often simplified by assuming that the reflection point remains at a stationary position
on the horizontal plane and only moves vertically. The height of the reflection point is a function
of the carrier frequency. For differing frequencies transmitted between common transmitter and re-
ceiver sites, the reflection points are assumed to lie along a vertical line, although in practice
this may not be strictly true.

The HF Doppler system can be characterized as a means of measuring the apparent velocities of a
set of reflection points. In the present system, this set consists of 9 sampling points with 3 points
distributed along each of 3 verticals, which in turn intersect the corners of a horizontal equilateral
triangle approximately 40 km on each side. The reflection heights are known only approximately unless
other data such as ionosonde records are used to determine the height.

The uses to which HF Doppler data have been put include determination of the physical character-
istics of traveling disturbances in the ionosphere. If a traveling disturbance moves as a reasonably
coherent waveform across the array, one would expect to observe related variations at each of the
sampling points. Also within limits imposed by the rate of data taking and relative time resolution,
it should be possible to determine the apparent rate of motion and direction of motion of the distur-
bance.

3. HF Doppler Events August 1-12, 1972

The Doppler frequency vs. time records obtained by processing tha analog magnetic tape data
through a Rayspan spectrum analyzer were used to scan the data for interesting périods. Table I lists
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the types and characteristics of events selected as being worth noting for possible further study or
as possibly of interest to other workers.

TABLE I -~ LIST OF DOPPLER EVENTS AUG. 1-12, 1972

paTe | TIME (UT) PERIOD (Range, Mins.) COMMENTS
Start-End -7
Aug. 1 01-04 11-18

1 04-12 25-60 2.5 Hz p-p ampl. (4.8 MHz)
Aug. 2 04-10 30

2 20:05 - SFD

2 . 120:20-22:00 - SWF
Aug. 3 00-03 20
) 06-10 15-30
Aug. 4 00-04 2-3 and 15-20
01:22 - Assoc. with Geomagn. commence.
02:22 - Assoc. with reverse shock
(4 Hz p-p. ampl.)

4 04-08 30-60 5.5 Hz p-p. ampl. (4.8 MHz)
oA | 14-24 -- Very disturbed, partial fadeout
Aug. 5 00-03 2-2%, 4-5 Came in bursts

S 03-04 2%, 5-10

5 04-06 ) 6 Regular
Aug. 6 01-04 12

6 03:30-10 30-50 Doppler spreading

6__112:30-14 14
Aug. 6-7 22-01 | 15-20
Aug. 7 01-03 10-15
Aug. 8 01-03 12-15
Aug. 8-9 23-02 10
Aug. 9 01-08 3 Superpos®d on longer period

9 04-08 25-30 waves.

9 11-16 4-5
Aug. 11 03-09 30-50 Doppler spreading.

Aug. 11-12  22-03 12-1%

4. Sample Results

A period of time showing Doppler variations of particularly great interest occurred 0200-0400 UT
on August 5, 1972. Figure 1 shows the time series variations of Doppler frequency versus time for
several channels as derived from the digitally recorded data. There appear to be several "bursts"
of quasi-sinusoidal oscillations with periods from 2 to 4 minutes and about 8 minutes. These digital
data were processed by a spectral analysis computer program which can easily be set to use any desired
time window. In the case at hand, 2l-minute data samples were taken and successive shifts of 5 min-
utes in time made for each spectral computation. Averaging of two time-shifted spectra was then per-
formed to obtain some smoothing and the spectra plotted. Figure 2 shows the spectra obtained where
each succeeding curve is shifted along the vertical axis to avoid overlapping. As measured on Figure
2 between 0200 and 0250 UT the peaksin the power spectra occur with a period of about 4 minutes.
Then, until 0400 UT the peak energy occurs with a period between 6-7- minutes.
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Frequency

Time (UT)

Fig. 1.  Six channels of digital Doppler data from Aug. 5, 1972, 0200-0400 UT.
Letter symbols for Ft. Collins, Keenesburg and Sunset are C, K and S,
respetcively. The numbers 2000 and 4000 refer to the vertical plotting
range in digital units. 100 units equals 1 Hertz.

One of the principal uses of the spectral plots is to detect multiple spectral peaks which might
indicate the presence of more than one type of wave motion or a dispersed wave train with multiple
frequency components present concurrently. In this particular case, the variations are essentially
monochromatic confirming the visual impression of Figure 1. When there is nearly equal power at
several frequencies a cross spectrum between pairs of stations must be taken to yield the phase re-
lation at the different frequency components.

The objective of the analysis is to infer as much as possible about the physical characteristics
of the disturbances in the ionosphere giving rise to the Doppler variations. Among the characteristics
of interest are the spatial dimensions, the vertical and horizontal phase velocities across the Dop-
pler array, the phase tilt of the wavefront (if the disturbance is traveling) and the direction of

travel.

The direction and speed of travel of a disturbance can be inferred from the time differences
between variations of the several reflection points. The usual procedure with analog data is to
pick salient features such as peaks and valleys and measure apparent time shifts from the records.
The availability of digital data permits considerable sophistication and improvement over this method
by the use of cross-correlation techniques and determination of lead-lag correlation values. These
can be determined for any selected length of data section and the results plotted in contours of
equal correlation coefficients as a function of time. Figure 3 shows such a plot where 20-minute
data samples were used and the time base shifted ome minute for each correlation computation. These
correlation plots are obtained for each pair of stations and used as the basis for obtaining the
horizontal phase velocity across the Doppler array. In the example shown, from 0200 to 0300 UT, the
apparent speed across the array is too great to show a measurable delay, which has led us to speculate
that the cause of these variations is not the conventional traveling disturbance but a magnetospheri-
cally related event. As seen in Figure 4, the D magnetic component at Boulder and the 2.4 Miz Dop-
pler record from Keenesburg visually correlate, which tends to confirm this hypothesis.
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4-5 minute period "bursts' between 0200-0300 occur on both records. The two

records have a coherency of 1.0 at that period.
Following 0300 UT the relative delays of the Doppler channels indicate a disturbance front arriving
from the north with a horizontal phase velocity of about 1200 m/se¢. This is within range of char-
acteristics of traveling disturbances associated with geomagnetically disturbed periods (see, e.g.
Georges, 1967) We therefore believe that the two-hour period shown in the example represents two
different kinds of events which are not directly associated.

5. Conclusions

The period August 1-12, 1972 gave rise to many interesting events recorded on the HF Doppler
system at Boulder. We intend to analyze other events during the period using the methods outlined
in the sample results section. We will be interested in comparisons with data collected by other
workers. A joint study with the University of Alaska (R. Hunsucker, private communication) in an
effort to associate specific events at the auroral oval with traveling disturbances observed at
Boulder, is planned. An examination of periods with high correlation between magnetic field varia-
tions and Doppler data is also being conducted. Correlations are seen during PC 4 and PC 5 as well
as long period magnetic bay events.
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HF Doppler Observations Associated with Magnetic Storm of August 4 to 6, 1972

by

T. Ichinose
Department of Electronics
Doshisha University
Kyoto, Japan

and

T. Ogawa
Tonosphere Research Laboratory
Kyoto University
Kyoto, Japan

The upper traces in Figures 1, 2 and 3 show the Doppler records observed at Doshisha University,
Kyoto, Japan (N35.0, E135:8). The receiving frequencies are 5 and 10 MHz. The former is the signal
from JJY and the Tatter is one from JJY, WWVH or BPY. The distance between the transmitting points
(Koganei, Hawaii and Shanghai) and the receiving point (Kyoto) is about 360, 5700 and 1400 km, re-
spectively.

In Figure 1 the 5 MHz radiowave from JJY is reflected by the lower F-layer at dawn. The 5 MHz
radiowave in Figures 2 and 3 is reflected by the E-layer in the daytime. The 10 MHz wave is always
reflected by the F-Tayer.

The Tower trace in each figure shows the NS-component of the induction magnetogram observed by
Dr. T. Saito at the Onagawa Magnetic Observatory, Miyagi, Japan.

A sudden commencement took place at 2054 UT August 4 and the Doppler shifts began at the same
time. From 2054 to 2057 UT Targe sinusoidal oscillations with a period of 1.5 minutes were observed.
The magnetic variation and the Doppler shift are in opposite phase to each other.

From 2057 to 2120 UT small amplitude oscillations with a period of 2 minutes appear on the
Doppler trace, and the 10 MHz signal shows a phase lag behind the 5 MHz signal.

Figures 2 and 3 show the record on August 6 in which the Doppler shift has a good correlation
with magnetic variations.
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SID Effects during July/August Event 1972

by

R. Knuth and K.~H. Ohle
Forschungsstelle fur kosmische Elektronik
der Akademie der Wissenschaften der DDR
Observatory Neustrelitz
German Democratic Republic

This short note summarized the ionospheric effects of solar flares occurring during the July/August
The observation meth-

event 1972 as monitored at the Neustrelitz Observatory, GDR (N53°17',E13°05'").
ods used and their respective parameters are given in Table 1.

Table 1

Parameters of SID observation methods in Neustrelitz, GDR

Reflection Point

Method Frequency Transmitter Distance Geographic latitude Geographic longitute
SFA 50 kHz OMA Prag 380 km N51943" E14°07"'

SFA 155 Brasov 1200 49038 19920

SFA 164 Allouis 1000 50°09 07°33

SWF 2614 Norddeich 400 53026 10°07

SWF 2775 Kiel 220 53954 11936

SWF 6030 Stuttgart 550 51007 10058

SCNA  25.0 MHz Directed to --- 54° 13°

SCNA 27.6 Polar Star - 549 130

During the period July 26 - August 14, 1972 in our vicinity 22 different SIDs were observed. Four-

teen of them had importances =2. This is an extremely high percentage of strong SIDs compared with
the usual observations and is due to the outstanding character of the solar disturbances during this

period.

Table 2 gives all data on the observed SFA (Sudden Field strength Anomalies), SWF (Short Wave Fade-
Out) and SCNA (Sudden Cosmic Noise Absorption) as listed in HHI Geophysical Data [1972]; all explana-

tions on types and importances can be found there.
Table 2

Solar Flare Effects in the Ionosphere (SID) Stations
Neustrelitz (SFA, SWF, SCNA) and Kuhlungsborn (SFA, SWF)

SEA S WF SCNA
1972 Start Max. Dur. Imp. Start Max. Dur. Imp. Type Start Max. Dur. Imp.
Day (9] (uT) (min.) D) D) min. ) @T) , (min.)
July 28 1323 1330 50 1 1324 1328 30 2 8 x x

31 1101 1119 X 2 1100 1118 X 3 C - - - -
1158 1205 30 1 1158 1202 25 1 S - - - -

Aug 1 0659 0708 X 1 0700 0707 x 2 S 0700 0705 15 0
0722 0730 25 1 0724 0728 30 2 s 0723 0729 15 0

0920 0930 50 2 0920 X 35 2 S 0916 0927 35 2

1135 1145 ® 0 1133 1140 x 0 s ® X X x

1151 1156 30 0 1151 1157 25 1 S x x % x

2 - - - - | 0357 x 420 3+ SL | 0357 x x 2
1045 1056 55 2 - - - - - - - - -

4 0623 0636 200 3+ 0623 x 300 3+ s X X x x

7 1056 1113 X 1 1057 1112 30 2 S 1056 1110 40 1
1202 1207 40 0 1203 1207 20 1 S 1202 1204 20 0
1509 1528 120 3+ 1508 x 130 3+ s 1509 1525 100 3+

9 0805 0816 20 0 0809 0815 15 0 S - - - -

- - - - 0958 X 40 3 S 1003 1010 25 1

1614 1618 30 0 1614 1620 20 1 S 1615 1620 15 0

10 1405 1412 15 0 l - - - - - - - - -
i1 1216 1221 X 2 x X b4 X X \ X X X X
1233 1243 90 2 X % X x x x X X X

12 0741 0745 10 0 0733 0743 30 1 s 0733 0736 20 0
1433 1444 80 2 ‘ 1433 1442 30 2 s 1435 1440 15 1
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The most spectacular events occurred between August 1 and 7, 1972. The four most disturbed days
have been chosen to demonstrate in more detail what really happened in the lower ionosphere (Figures
1 -3). In these figures the curved baselines always indicate the normal daily variations. It is
well-proven [e.g. Lauter and Entzian, 1966; Ohle et al., 1973 that the phase height method in the LF-
range follows the height variationg of a certain electron density level (for our frequencies and
paths about 300 - 500 electrons/em®). Therefore, the SFA recorded by this method can be interpreted
as unusual height decreases of this constant electron density level caused by the additional solar
flare ionization (Figure 1). Roughly speaking, we can assume that due to the steep electron density
gradient in this region we see the height variations of the lower ionospheric border. Figures 2 and
3 in the normal manner show the absorption anomalies in the HF range (SWFs and SCNAs) caused by at-
tenuation of these frequencies during passage through the additional ionospheric flare layer. Obvi-
ously, the strongest SIDs occurred on August 2, & and 7. Unfortunately, the SID of August 2 at
0357 UT is not very well expressed in SFA observations due to the high solar zenith angle, but ac-
cording to SWF records had an outstanding duration of about 8 hours. The SCNA of August 7 at 1509 UT
with about 9.5 dB absorption is the strongest effect of this type observed in Neustrelitz since the
beginning of the cosmic noise observations in 1959. Also, the corresponding SFA with a height de-
crease to 66 km is probably the most intense effect recorded in Neustrelitz and Ruhlungsborn. 1In the
past the lowest heights reached during strong solar flares for the same solar zenith angle were
around 72 km! The velocity of height decrease during the initial phase from start till maximum of
the effect was nearly 600 m/min, much higher than the normally found velocities of about 200 m/min
[Entzian, 1966].
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Fig. 1. Height variations of the lower ionospheric border (n, 300 - 500 e/emd) deduced from SFA
observations in the period August 1 - 7, 1972.
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Shoritwave Fadeouts and Ionospheric Absorption Measured at Lindau
(N52.6; E8.7) in the Period 15 July to 15 August 1972

by

H. Schwentek
Max~Planck-Institut fur Aeronomie
Institut fur Ionospharenphysik
D 3411 Lindau/Harz, FRG

Abstract

Results of the following observations are described: Sunspot group of 6 August 1972; solar
flare effects on radio field-strength (2.61 MHz; 2.77 MHz; 6.09 MHz) and cosmic noise recordings
(27.6 MHz); ionospheric absorption at 2.61 MHz.

A Short View on the Sunspots around August 1972

Two of the manifestations of the Sun's activity are the number and type of the sunspots. In
August 1972 a remarkable group of sunspots appeared. As an illustration, a photograph made by an
amateur is reproduced here (Fig. 1) showing this group of sunspots on 6 August 1972; a rare feature
is that the spots are arranged on a circle and are joined by their penumbras. It seems as though the
single spots tend to form into one very large spot.

Considering the daily variation of the sunspot number in July, August, and September 1972 (Fig. 2y,
two remarkable features can be noted. First, the regular, well-known variation of sunspot number due
to the rotation of the sun with a period of about 28 days, appears very clearly. Secondly, the graph
of sunspot numbers does not give any indication of a large disturbance in the FBarth's atmosphere
during the period from 2 to 8 August 1972, 1In fact, the variation showed its greatest amplitude even
later, from 30 August to 13 September 1972. Therefore, it may be suggested that the particular
congregation of the sunspots was essential.

Fig. 1. Photograph of an extraordinary group of sunspots taken at 1228 UT 6 August 1972 with a
refractor (17 em; 394 cm) and a Rolleiflex SL66 camera. (Reproduced by courtesy of
Dipl.-Ing. W. Bruckmer, Architekt BDA, 4 Dusseldorf 1, FRG).
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Fig. 2. Trend of the provisional daily sunspot number in July, August, and
September 1972 observed at the Eidgen8ssische Sternwarte Zifrich (Swiss
Federal Observatory, Ziirich, Switzerland). The curve drawn is based
on median values of overlapping periods. The difference between maxima
is 28 days, between minima 28 and 30 days (synodic rotation period).

Solar flare Effects on the Field-strength and Cosmic noise Recordings

At Lindau (geographical latitude N51.65, longitude E10.13; geomagnetic latitude N52.36, longitude
E93.91, magnetic dip angle + 67.8°, time 15° EMT = UT + 1h) the field strength of several shortwave
transmitters is recorded continuously. The tramsmission circuits (see Table 1) were especially
established for the purpose of absorption measurements. Also, a riometer is operated [ Schwentek,
1966; Schwentek and Gruschwitz, 1970; Schwentek and Timpe, 1972].

Data for shortwave fadeouts observed during the period 15 July to 15 August 1972 are summarized
in Table 1.

A detailed description of the morphology of single shortwave fadeouts (Fig. 3) is most valuable
in analyzing the corresponding solar X-ray flares observed by satellite [Schwentek, Kreplin, and
Hartmann, 1971]. This analysis will be given later when all necessary data are available.

Ionospheric Absorption in the Period 15 July to 31 August 1972

The most reliable absorption parameter, representing the character of the day, is L (cos x = 0.2)
obtained from the diurnal variation of absorption (x = solar zenith angle). The behavior of this
parameter is presented for the period July to September 1972 in which the extreme effects of solar
activity on the Earth's atmosphere occurred. The large increases in the period 6 to 14 August are
unambiguously due to solar activity, that is, to particle precipitation (Fig. 4). The effects pro-
duced by solar Xy radiation (Table 1) were excluded when L (cos x = 0.2) was determined.
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Fig. 3. Examples of the two strongest solar flare effects in August
1972 on a cosmic noise record made by a riometer of 27.6 MHz
with a corner reflector antenna directed to the celestial
pole. Note the intense disturbance by solar noise on A
August 4, 1972 (see also the contribution by P. Czechowsky,
this compilation). On August 7 the trend is also disturbed
by some interference and solar noise.
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Table 1

Shortwave Fadeouts Observed in the Period 15 July to 15 August 1972 at Lindau

Sunrise occurred in the D-region at about 0400 UT, sunset at about 2100 UT (for 1 August: 0333 UT;
2119 UT, respectively). The most pronounced effects are underlined once, twice, or three times, corres-
ponding to the maximum absorption measured by a riometer.

NL: A3-circuit Norddeich - Lindau, 296 km, 2.61 MHz, 1 E mode;

KL: A3-circuit Kiel - Lindau, 300 km, 2.77 MHz, 1 E mode;

LL: A3-circuit Luxemburg =~ Lindau, 339 km, 6.09 MHz, 1 F mode;

Rio: riometer at 27.6 MHz, corner reflector antenna directed to the celestial pole.

U: wunreliable; N: not measurable; D-SWF means double SWF, that is, a second SWF started before the
first ended. (See also the contribution by R. Eyfrig and J. Rottger elsewhere in this compilation.)

Date Start Maximum End Type Absorption Duration  Path Remarks

1972 UT UT UT dB min
Jul 28 13:21 13:26 13:40 S-SWF 31 19 NL
13:21 13:25 13:44 S-SWF 31 23 KL
13:21 U13:26 U13:40 S-SWF 16 U19 LL
12:30 13:22 14:30 burst? - 120 Rio
Jul31 11:03 U1l:15 U1l2:16 V-SWF > 36 U173 NL irregular
11:03 11:14 U11:49 V-SWF > 47 U 46 KL
11:11 11:15 11:30 S-SWF 20 19 LL 11:04~11:11 slow.
11:02 11:18  U11:29 V-SWF 0.92 u27 Rio disturbed ’
Augl 06:58 07:04 07:16 D-SWF 32 Ue62 NL
07:16 07:28 U 08:00 35
06:58 07:05 07:18 D-SWF 29 U62 KL
07:18 07:30 U08:00 25
G6:57 07:04 N S-SWF 11 N LL Rio: Maximum very
07:00 07:16 N N 0.22 N Rio broad
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Date Start Maximum End Type Absorption Duration Path Remarks
1972 UT uT uT dB min
Augl 11:32 11:39 12:08 S-SWF 16 36 NL
11:33 11:39 12:12 S-SWF 15 39 KL
N 11:39 N N N N LL
N 11:38 N N N N Rio
Aug2 10:45 10:48 11:07 S-SWF 10 22 NL
10:44 10:48 U11:15 S-SWF 14 us1 KL
10:44 10:48 N S-SWF U12 N LL
10:45 10:52 11:10 S-SWF 0.21 25 Rio
Aug4 06:21 N U12:30 S-SWF > 42 U369 NL
c c C C C C KL
06:24 N N S-SWF >28 N LL Rio:Disturbed by so~
06:22 U6.3542 N S-SWF U4.14 N Rio lar burst
Aug7 10:57 11:09 11:45 V-SWF U19 48 NL
10:58 U11:10 11:37 V-SWF 17 41 KL max11,.10 - 11,20
N 11:11 N N N N LL
10:58 U11l:14 U11l:34¢ V-SWF 0.15 U3s6 Rio
Aug7 12:57 U13:37 14:18 V-SWF 9 81 NL Produced by par-
12:57 U 13:36 14:17 V-SWF 16 80 KL ticles?
Aug7 15:06 U15:13? U17:30 S-SWF 18 U144 NL
15:06 U15:10? U17:37 S-SWF i5 U151 KL
15:09 N U1l7:41  S-SWF >72 U152 LL
15:07 N U17:40 S-SWF 4.0 U153 Rio disturbed
Aug9  10:00 10:06 10:22  S-SWF 17 22 NL
10:03 10:08 10:20 S-SWF 18 17 KL
Augil N N N irregular N 12:30-15:20 NL  diurnal variation
N N N irregular N 12:20-15:00 KL  withexcessive ab-
sorption
U12:15  12:38-44 14:15 V-SWF 44 U120 LL Rio:Time of start
U12:28 12:38-44U15:00 V-SWF 2.1 U152 Rio i
extrapolated
Augl2 07:31 07:43 U08:08 V-SWF 22 Us7 NL
Uo07:27  07:45 U08:00 V-SWF 13 U3s KL
N 07:45 N N N N 1L
U07:32 U07:45 UO07:50 V-SWF 0,17 U1s8 Rio
Augl2 14:31 14:40 15:24 S-SWF 31 53 NL XE:max 14, 40
14:33 14:40 U15:30 S-SWF 27 Us7 KL
U14:32 14:40 U15:02 S~-SWF U20 U330 LL
14:32 14:40 15:30 S-SWF 0.30 58 Rio
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Sudden Phase Anomaljes Observed at Uji

by

Y. Naito and S. Kato
Tonosphere Research Laboratory
Kyoto University, Uji, Kyoto 611, Japan

and

T. Araki
Geophysical Institute
Kyoto University, Kyoto 606, Japan

Table 1 shows SPA's observed at the Ionosphere Research Laboratory, Kyoto University (Uji, Kyoto,
Japan: 34°54'N, 135°48'E) by using the VLF radio signal from NWC (North West Cape, Australia:

21°49'S, 114°10'E).

A series of SPA's began on August 1, and the maximum phase advance was recorded on August 4.
Unfortunately, we could not observe the big event on August 7 because of the station break of NWC
from 0000 to 0430 UT. The occurrence of SPA's increased on August 10 and 11 though the phase ad-
vances were small, and this series of SPA's seems to end on August 13.

Figure 1 shows the main features of these events. The following four types of SPA's are found
in this Figure.

1. Rapidly growing and rapidly recovering types (e.g., 0618 UT, August 4).
2. Rapidly growing and slowly recovering types (e.g., 0659 UT, August 1).
3. Slowly growing and slowly recovering types (e.g., 0123 UT, August 1).

4, Multiple-peak types (e.g., 0009 and 0200 UT, August 11).

NW(;I 223 kHz , NWC 223 kHz
v
v

AUG. 1, 1972 . AUG. 10, 1972

AUG. 2, 1872 AUG. 11, 1872

3 y w
Z H
3 £
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11}
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@ 5
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i | i i 1 1 i I} 1 i i i L 1 i H i i ] i 1 ! 1 | 1 i 1
22250 1 2 3 4 56 7 8 9 10, 22230 1 23 4 56 7 8 9 10,;

Fig. 1. The daytime phase variations of NWC signals observed at Uji, Kyoto, Japan. The arrows
show SPA's. The sharp increase and decrease at 2200-2300 UT and 1000-1100 UT are the
normal daily variations caused by the changes of the jonospheric reflection height
during the sunrise and sunset.
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Table 1
SPA's Observed at Uji from August 1 to 13, 1972
DATE ONSET PEAK P}AI?)XSHE\NCE REMARKS
(uD) (uT) (U sec)
August 1 0123 0157 8
0609 0624 3
0659 0709 9
0922 0945 3.5
2 0127 0145 3.5
0306 0340 21
3 No SPA's observed
4 0524 0534 5.5
0614 0633 31.5
5 No SPA's observed
6 0419 0423 2
7 No SPA's observed
Station break from 0000 to 0430 UT
8 No SPA's observed
9 2244 2251 3
10 0224 0239 2
0300 0323 8.5
0546 0552 2.5
0557 0601 3.5
2336 0051 3.5
11 0009 0018 5
0200 0206 6
0354 0418 9
0503 0506 5
0519 0524 6
2324 2329 1.5
12 0504 0509 1.5
0704 0714 3
0727 0743 5.5
13 0152 0206 3
0703 0724 1.5
(1) Phase advance value is defined as the phase deviation from the assumed
oxdinary value at the moment of maximum SPA.
(2) The multiple-~peak SPA's are separately listed with each peak.,
USCOMM-NOAA~ASHEV ILLE, RC-7-73-1625
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