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"Like harmony ... there is a dark
Inscrutable workmanship that reconciles
discordant elements"

(Wordsworth)

5

AR,
L8003

3

%

s
















1.2 THE ANALYSIS OF SANAE DATA

The initial analysis was conducted on 69 months
of £ F2 data from SANAE for the period June 1962 to
September 1969 (excluding the year 1965 when very few
usable records were obtained). Means were taken of the
hourly values of fOFZ on the ten magnetically quiet days
(Linooln96) of each qonth and these hourly means were
used in an harmonic analysis in terms of the function

£F2(e)= Ay + Ajsin(e+d)+ A sin(20+4,)+ A381n§39+?3)
1.1

where © = 360t/24

i

and t = local standard time in hours (To within the
accuracy of the results, LSTQfLT). In the case of SANAE,
LST = UT,

Some of the coefficients obtained from this
analysis are shown in Fig., 1. The amplitudes of the

first three terms (A., A, and A2) and the phase angle of

0 71
the 24-hour term (#;) are plotted againet time in months.
The main part of this analysis is centred around
the behaviour of the constant term, Ao: which is simply
the mean of the hourly quiet-day values of fOFZ for a
given month. The 24-hour component is also of interest,
as this gives an indication of the average diurnal range
of fOFZ for a particular month, the amplitude Al showing
the magnitude of this range and the phase ﬁl the time of
day of the maximum value of fOFZ from this simple
approximation., The higher order harmonics - the l2-hour
and 8-~hour components - are of less interest, partly
because it is not possible to find, as for the first two
terms, a single physical attribute of the fOFZ behaviour
pattern with which to associate them and partly because
their amplitudes are small and of less significance tﬂan
A

and A The amplitude of the 12-hour component, Az, is

0 1
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Figure 1
Coefficients of the Harmonic Analysis of fon at
SANAE,
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usually less than 0,5 MHz and the values of A, are even

3
smaller, This means that A2 is of'the gsame order of
magnitude as the standard deviation from the mean of a
single quiet-day value at any hour (also about 0,5 MHz).
These higher harmonics are therefore not considered

further.

THE CONSTANT TERM, AO :

This is seen to have a regular annual variation
which is almost sinusoidal with its maximum in summer,
coupled with a long-term variation in which the value of
AO for any particular month in 1964 (around sunspot
minimum), say, is smaller than the value of Ay for the
same month in 1968 (near sunspot maximum)., The regular
annual variation might be expected, since the amount of
solar EUV reaching the level of the F2 maximum varies
throughout the year with its peak in December, i.e., one
might expect some dependence on some effective mean
value of the cosine of the zenith angle of the sun. The
long-term trend suggests a dependence on the' sunspot
number or 10,7 cm solar flux, Figure 2 which compares
the constant term, AO’ with the sunspot number, the 10,7
cm solar flux and the average value of cosX , COS X ,
(see below) tends to confirm these views.

For these reasons it was decided to fit a
function of %he form

G = A+ BS + Cf(cosX ) + DSf(cosA ) (1.2)
to the monthly values of AO using the method of least
squares (see Appendix 1). In this relation

S

1

average Zurich sunspot number, RZ, or average
10,7 cm solar flux, SlO 75 for the month, and

f(cosX) = an appropriate mean function of the cosine of

the/eee
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Pigure 2

Comparison of constant term AD( MHz) of the harmonic

analysis with related quantities ( SANAE data).

.
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Table 1. Mean square residuals for various least squares fits to SANAE data

WHOLE PRERIOD 1962-1966
SUNSPOT NO. SOLAR FILUX SUNSPOT NO. SOLAR FLUX
14

cosxm 0.187 0.199 0.053% 0.054

cos 0.213% 0.226 0.057 0.060 | | S %
- Cos % 0.204 0,217 0,052 0.056
g

cos 0.451 0.458 0,200 0.212

cos®x 0,242 0.257 0.081 0.089







12

THE PHASE ANGLE OF THE 24-HOUR COMPONENT, ¢1

The maximum value of sin(8 + ﬁl) in the second
term of equation (1.1) occurs when & + g, = 90°, TFrom
Fig, 1 it can be seen that for eight months of each year,
£, has a value just less than 2700, while for the
remaining four months (during summer), it is close to
360°. When g, has a value of 270°, the maximum in f F2
occurs at 8 = 1800, i.es about midday; a value of 360°
for g, signifies a meximum at 06 IMT., Thus the well-known
morning maximum observed at stations in this region of
Antarctica (Piggott and Shapleyll4) is clearly demonstrated.

-

1,3 ANALYSIS OF DATA FROM OTHER ANTARCTIC STATIONS

For comparison, values of fOFZ from eleven other
stations (Fig. 3) were subjected to the same analysis.,
Altogether about 840 staficnumonths of data were used.,

Fig, 4 shows the value of AO for the twelve
stations including SANAE plotted against time. In Fig.
4(a) two distinct patterns of behaviour can be seen for
each station, From dJuly 1957 to about the end of 1960,
AO exhibits a semiannual variation - reaching a maximum
in March/April and in September/October of each year -
and from about the end of 1960 onwards, it follows an
annual variation more simply related to the position of
the sun in the sky (similar to that observed at SANAE),
The transition between these two types of behaviour
appears to be fairly sharp, taking place over a period of
a few months., An important point to notice is that the
behaviour of AO follows a similar pattern at each station.

Values of AO for Vostok, Terre Adelie, Campbell
Island and Byrd are plotted in Fig. 4(b). The same

pratterns of behaviour are observed for three of these

stations/...
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Pigure 3

Map of Antarctica showing stations considered in this

analysis.
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Figure 4(a)

Amplitude of constant term AO(MHz), at Scott,
South Pole, Wilkes and Cape Hallett,
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Figure 4(b)
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Terre Adelie, Campbell Island and Byrd.
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Figure 4(c)

Amplitude of constant term AO(MHz), at Port Lockroy,
Halley Bay, SANAE and Mirnyy.
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Table 2. June values of constant term AO

rear 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
Station _ &
SCUTH POLE 4.96 4.61 3.91 3.25
BYRD 4.6% 4,16 4.06 2,52 1.66 1.46 1.59 1.69
VOSTOK C 2,16 2.32
SCOTT 5.62 5.83 4,67 3,16 3,18 2.83 3.25
HALLEY BAY 2,43 1.63 1.53 1.14 1.18
j CAPE EALLETT 6.12 5.51 5.29 3,11 2,92 2.88
@ SANAE | 1.7L 1,53 1.42 1.71 1.98 2.89 2.89
TERRE ADELIE - 5.54 4.66 3.43 3,33 3.18 3.09
IRNYY 5.29 3,36 2.9% 3.02
WILKES . 4.6% 3,26 3.02 2.88
PORT TLOCKROY 2.83 2.59 2.33 2.46 2,74 3.02
CAMPBELL ISL. Te33 6.71 3.81 3.48 2,93 2.57 2.76 3.46-
SOLAR FLUX 220 217 162 110 91 83 69 77 96 120 142 162







M A S O = March, April, September snd October; (a) cos’)cm

Table 3. Mean square residuals for fit of equation (2) under various conditions.
o (8) SosGy 5 (o) Cosk; () Gos X (¢) cos'
W HOLE ©PERIOD 1961 t o 1966
WITH M A SO WITHOUT M A S O WITH M A S O WITHOUT M 4 S O
a b c d e a b c d é a b c d e a b c d e
SPO 380 .572  .379  .572  .441 | .151  ,207 .151 .208  .147 | .072  .223  .072  .222 .107 | .035 LO7L .0%6 072 .03l
BYR .569 .823  .586 1.0% ST79 | 2217 .299 .224 .38l .257 | .174 ,.440 .189  .679 .395 | .O70  .143  .075 .228  .106
VoS .025  ,066 ,025 ,129 .06l | .009 .018 .008 031,016
SCO .260 .291  .263 .326 .290 |.125 ,138 .126 ,150 .1% | .114 .155 .116 .208 L153 | .084 .102 .084 .119  .100
HLB .132  .295  .154 .709  .297 |.053 .143 .058 .,270 .134 | .08l .201 .095 .547 .205 | .044 .113 .048 .23%  ,108
ADR -386 399 2390  .437 o405 |.213  .225  .214  .244 .226 |.125 .153  .132 .23l .159 |.084 .109 .087 .144 L2107
SAN «199 .226  .217 .458  .257 |.128 ,148 ,133 .244 .176 |.054 .060 .056  ,212 ,089 |.041 .050 .042 124,066
PTG 117 121 .149  L123 .059  .,064 .,073 .063 .090  .092  .117  .093 L061  .062 2078  .065
MIR .057  .051  .046  .O51 .033  ,031 .033 033
WIL .185 .184 .,198 .184 12 .113 L1235 L114 (065 062  .CT3 060 .055  .056 .068  ,055
PLO 173 .198 330 202 047  .045 .,075  .060 .087  .097  .184  .097 .038  .03%3% 051,041
OMP 35T 355 o356 .347 .170  .161  .160  .160 .126 L1222 .124 .108 2059  .060 060  .057
SPO = South Pole SCO = Scott SAN = SANAE WIL = Wilkes
BYR = Byrd HLB = Halley Bay PTG = Terre Adelie PLO = Port Lockroy
- VOS = Vostok ADR = Cape Hallett MIR = Mirnyy CMP = Campbell Island

.

*
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obtained on fitting equation (1.2) to the values of AO
for all the stations, is subdivided into four quarters
depending on whether
(a) all values of Ay were used;
(p) all values of Ay except those obtained in
March, April, September and October were used;
(¢) only values of Ay obtained near sunspot
minimum were used;
(d) values of Ay near sunspot minimum excluding
values obtained in March, April, September and
October were used,

One result which is evident from this table is
that if either the values of AO obtaiﬂed during the solar
maximum periods 1957 to 1960 and 1967 to 1969 or those
obtained in March, April, September and October are
omitted froﬁ the leaét squares analyéis, the fit is
noticeably improved, while it is at its best if both are
omitted. Once again better agreement is obtained using
cos X, functions which include negative values of cos X .
THE AMPLITUDE OF THE 24-HOUR TERM, Al

Figure 5 contains the wvalues of Al plotted for
each station. In Fig. 5(a) a very distinct pattern of
behaviour is evident for three of the stations -~ Port
Lockroy, Halley Bay and SANAE, the three stations in the

Weddell Sea anomaly (Penndorf1?),

For these stations Al
attains peaks in March/April and September/October of each
year and a third maximum is observed in December, The
pattern is less well-defined for the fourth station,

Mirnyy, but even so, peaks can be seen around the

equinoxes.

For the remaining eight stations shown in

Figures/...
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Pigure 5(a)

Amplitude of 24-hour component, Al(MHz), at Port Lockroy,
Halley Bay, SANAE and Mirnyy.
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Figure 5(b)

Amplitude of 24-hour component, Al(MHz), at Scott,
South Pole, Wilkes and Cape Hallett.
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Pigure 5(c)

Amplitude of 24-hour component, Al(MHz), at Vostok,

Terre Adelie, Campbell Island and Byrd.
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Figures 5(b) and 5(c) no clear pattern is discernibdle,
However, for all stations except Campbell Island, Al
does attain maximum values at the equinoxes, and even at
Campbell Island the pattern (which has a large maximum
in winter) does give some slight evidence of peaking at
the equinoxes. Furthermore the magnitudes of these
maxima are larger around sunspot maximum which suggests a
dependence on solar activity,

The fact that Campbell Island is much further
north than any other station at which the universal time
behaviour of f F2 is observed, may account for the

different behaviour observed at this station.

PHASE ANGLE OF THE 24-HOUR COMPONENT,,zi

. This is shown in Fig., 6., From the variation of
£, at SANAE, Halley Bay and Port Lockroy (Fig, 6(a)) it
appears that for eight months of the year fOFZ has its
maﬁiﬁum slightly after noon, that is, the normal fOFZ peak
at about 13 to 14 hours IMT produced by the balance of
production of ions and electrons due to solar EUV and loss
due to recombination. However, for the four months during
summer, the maximum occurs at about 06 to 08 hours UT,

At Byrd (Fig. 6(c)) the maximum in £, F2 occurs at
about 06 UT for three months during winter and for the
remainder of the year it occurs soon after local noon,

At South.Pole (Fig., 6(b)) on the other hand, £ F2 has its
maximum at about 06 UT for the six winter months and at
about 00 UT for the six months during summer. This latter
‘result is in agreement with Knecht'sgo findings.

The rest of the stations used in this analysis lie
in the vicinity of the 120°E longitude (at.which 06 UT =
14 IMT) and hence it is difficult to distinguish between

UT/eeo



Pigure 6(a)

Phase angle of 24-hour component, ¢l,(degrees),
at Port Lockroy, Halley Bay, SANAE and Mirnyy.
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Pigure 6(b)

Phase angle of 24-hour component, ¢1 (degrees), at

sScott, South Pole, Wilkes and Cape Hallett,

-
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Figure 6(c) : s .
Phase angle of 24-~hour component, Ql(degrees), at . .
Vostok, Terre Adelie, Campbell Island and Byrd. o o
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LE 4

The optimum value of n obtained when fitting

equation (2) with f(cosX) = cos®x +to the A,

data for several stations.

For comparison the

mean square residuals obtained from this optimum

fit are compared with those obtained on fitting

equation (2) with ©cosx .

MEAN SQUARE RESTDUALS USING |
OPTIMUM | e

STATION 7| VALUE OF n | cos"x WITH OPTINUM n| Gosx |
SOUTH POLE 0,27 0,031 0,0%5
BYRD 0,12 0,102 0,070
VOSTOK 0,23 0,016 0,009
SCOTT 0.27 0,100 0,084
HALLEY BAY 0,03 0,091 0.044
CAPE HALLETT 0,00 0,090 0,084
SANAE 0,08 0,060 0,041
TERRE ADELIE 0,27 0,065 0,061
MIRNYY 0.55 0,031 0.033
WILKES 0,21 0,055 0,055
PORT LOCKROY 0,49 0,039 0.038
CAMPBELL ISTAND 0440 0,056 0.059




UT control and local t'ime control of fOFZ values in these

CcCages.,

1.4 AN OPTIMUM COS™4¢

From Chapman's theory of layer formation
(Ratcliffelzoj, the critical frequency of an «-Chapman
2yer is proportional to cos%a; while that of a F-Chapman
layer depends on coséﬁc. Since the F2~layer has a B-type
loss, one might expect fOFZ to vary as coséég and hence
AO to follow cos®*%x, To investigate this possibility,
least squares. fits of equation (1.2) using the function
cos™x were performed on the AO data; here n assumed values

between 0 and 1 in steps of 0,01, The results for A, data

0
near sunspot minimum and excluding values obtained in March,
April, September and October are shown in Table 4,.

The values of n obtained for SANAE, Cape Hallett
and Halley Eay seem surprisingly low. The reason for this

appears to bPe that the function (which is defined to be

zero when cos?% is negative), i.e.

«

\

3] I\—\m_—
DeC JTo~

Dec T
is a poor approximation to the observations which appear
to vary sinusoidally. Some average value of cosX Which.
includes negative values is a much better approximation
as can be seen from Table 4,

Further it would appear that‘the average value of
n for which cos™% gives the best fit, is about 0,25.
Thus the choice of the power %+ in cos®*% which may have
seemed a rather arbitrary choice, does have some

justification., Furthermore it is clear tha’t the function

Co8 %,

- still gives the best overall fit to the Ao data,

1.5 INCLUSION/,..
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1.5 INCLUSION OF A SEMI-ANNUAL TERM

If the residuals (AAO)i obtained on fitting equation
(1.2) to all “he Ay data for a particular station, are
plotted against time, a semi-annual variation is evident,
particularly during years of high solar activity. The
residuals obtained using cos%  for four stations are shown
in Fig, 73 a similar pattern is present at the other
Antarctic stations,

This semi-annual effect is very noticeable when the
residuals for the equinoctial months (March, April, September
and October) are summed and compared with the sums of the
residuals for the remaining months for each station., This
is shown in Table 5 for the function 335%:;. Here the
residuals are subdivided according to whether they fall
in a period of low solar activity (1961 to 1966) or one
of high solar acti&ity (1957 to 1960 ‘and 12967 to 1969).

It is clear that the sum of the residuals for the
equinoctial months is almost always positive. This is
significant since the sum of all the res;ﬁuals for each
station is obviously zero, One cannot draw comparisons
between these sums for different stations as a different
number of months was used for each station. However,

it is very clear from the table that the values of AO

for equinoctial months obtained from the least squares
fit of eguation (1.2) are comsistently smaller than the
observed values during these months. For this reason the
analysis was repeated for all stations, this time fitting
a function of the form

G=A + BS + Cf(cosX) + DSf(cosX) + Eg(coss) + FSg(cossd)
(1.3)

Where g(cos &) is a function with a semi-annual peak in
March and September, The function selected was

g(cos 5) = 008(6010 + 1800)

where/ ...



Figure 7

Residuals from the fit of equation (2) to Ay data

for Scott, Byrd, South Pole and Cape Hallett.
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Table 5, Residuals after fitting equation (2) with cos®, to all the AO data;

for details see text.

for M, A, S and O for other months

SOLAR MAX |1961 - 1966|TOTAL| SOLAR MAX {1961 - 1966| TOTAL
SOUTH =~ POLE 10,92 0,21 |11.13 ~8.43 -2.70  |-11.13
BYRD 15.64 6.40 |22.04 ~12,05 ~9.99  |-22.04
SCOTT 10.1% 2.12  |12.25 -8.6% ~3.62  |-12.25
HATIEY BAY 1.29 3,13 4.42 ~2,10 ~2,32  |-24.42
CAPE HALLETT 10.38 1.19  |11.57 ~7.30 —4.27  |-11.57
SANAR 5,20 ~0.26 4,94 ~3.93 ~1.01 ~4.94
TERRE ADELIE 3,81 0.42 4.2% 3,17 ~1.06 ~4,23
WILKES 5.35 ~1.78 | 3,57 ~2,83 ~0.74 ~3.57
PORT LOCKROY 3,58 2,92 6,50 ~3.09 ~3.41 ~6.50
CAMPBELL ISI. T.44 -2.34 |-5.10{ = -3.,07 -2,03 5,10




Table 6, Mecan square residuals obtained on [1tting cquation (3) to the Ay data
compared with thosc obtained using equation (2)
(a) using all the data (b) using only data from 1961 - 1966

cos(30°1) cos%

EQN. (2) EQN. (3) EQN. (2) EQN. (3)

a b a b a .b a b
SOUTH POLE 0377 0.080 0,235 0.075r 0.380 QaO72 0.23%2 0.063
BYRD 0.606 0.225 (0,305 0.127 | 0.569 00174 0.272 0.085
VOSTOK 0.051 0.050 0.025 0.024
SCOTT 0.277 0.139 [0.197 0,133} 0.260 0.114 | 0,181 0.108
HATLLEY BAY 0.166 0.115 (0,125 0.095 | 0,132 0,081 {0.088 0,067
CAPE HALLETT 10.399 0.152 0,279 0.135 | 0.386 0,125 {0,269 0,111
SANAE 0,256 0.087 (0.228 0.086 | 0.199 0.054 1Q.180 0.053
TERRE - ADELIE 0¢141 0.119 [0.118 0,114 | 0,117 0.090 {0.098 0.086
MIRNYY 0.077 0.069 0.057 0.045
W ILKES 0.192 0.079 [0.153 0.073 | 0,183 0.065 |0.146 0.057
PORT LOCKROY 0.270 0.162 |0.226 0.159 | 0.173 0.087 ]0.145 0.087
CAMPBELL 1SL. 0.379 0.168 |0.362 0,167 | 0.36L 0,126 |0.337 0,119




Table 7. Values of the coefficientsfrom the least squares fit of equation (3) using c:os%m

GEOGRAPHIC

LATITUDE STATION A B c D E F.
90.0 - SOUTH POLE 3.0%3(%.16) .0138(%.0010)  4.15(.22)  -0.0104£%.0038) -0.170(%.088) 0.00%9(%.0014)
80.0 BYRD 1.45( .14) .0206( ,0008) 6.02( .20) -0,0147( .0030) 0.038( ,078) 0.0048( .0011)
78.5 VOSTOK 2.49( .88) .0057( .0104) 4.11( .13) ~0.0134( .0351) 0.586( .048) ~0.0075( .0152)
77.8 SCOTT 2.12( .12) .0193( .0007)  3.97( .15)  -0.0158( .0024) -0.199( .061) 0.0037( .0009)
75:5 HALLEY BAY 0.70( .19) .0201( .0016)  4.50( .15) 0.0253( .0057)  ~0.488( .058) 0.0073( .0C21)
7243 CAPE HALLETT 1.09( .22) .0259( .0009)  5.08( .22)  -0.0229( .0035) ~0.161( .085) 0.0039( .0013)
70.3 SANAE 0.13( .25) -0218( .0016)  6.02( .20)  -0.0004( .0058) ~0.401( .072) 0.004%( .0021)
66.7 TERRE ADELLE 1.46( .16) 20213( .0007)  4.19( .15)  -0.016%( .0028) -0.217( .054) 0.0030( .0011)
66:5 MIRNYY 1.64( .60) -0174( .0037)  1.13( .12) 0.0151( .0167) 0.210( .046) -0.0045( .0057)
66,3 WIIKES 1.32( .20) .0200( .0007) 4.08( .17}  -0,0143( .0028) ~0.383( .064) 0.0039( .0010)
65.3 PORT LOCKROY 1.24( ,33) .0144( .0019)  3.34( .18) 0.0299( ,0073) -0.652( .067) 0.0082( .0026)
52.5 CAMPBELL ISL. ~1.39( .36) -0418( .0009)  6.39( .25)  -0.0%20( .0040) ~0.334( .080) 0.0031( .0013)
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where i is the number 2r the month, being 1 for January
and 12 for December. This is a simple semi-annual
Sinusoidal variation with peaks in March and September,

Table 6 shows the mean sguare residuals obtained
on fitting equation (1.3) to the A, data using only two
cosX functions: a simple cosine function of the form
cos(301i°) end Gosxy. It is clear that eguation (1.3)
gives a rather better fit to the Ay data than does
equation (1.2), especially if data near sunspot maximum
are used, Once again the average midday value of cos’X
fits the data best,

Table 7 Ttontains the values of the coefficients
A, B, C, D, E and F {(together with their standard
deviations) obtained from the least squares fit of
equation (1.3) using EBE?{;.

In Figures 8(a) and (b) the coefficients A and B
are plotted against geographic latitude; A appears to
increase with latitude and B to decrease. However, it
is not immediately evident how A might be interpreted
physically. It would represeht the average value of
foF2 for the whole period under consideration, under such
conditions that both the 10.,7em flux from the sun and
the noon value of cos’X were zero, Since between July
1957 and October 1969 the average 10,7cm flux did not drop
below 65 (units used are 10”2%Wm™2Hz™1), the quantity
A+65B ma& be a more realistic measure of the behaviour of
the quiet F2 region. This is plotted in Fig, 8(c). From
this figure it is apparent that under extremely quiet
solar conditions if the sun were to reach the horizon at
noon, the average value of f F2 would increase with
‘increasing latitude. This surprising result adds weight

to the conclugion that no simple theory based on

ionization/...



Figure 8
(a) Coefficient A (MHz) from equation (3) plotted

against geographic latitude.
(b) Coefficient B (MHz/unit of solar flux) from
equation (3) plotted against geographic latitude.
(c) The quantity A + 65 B (MHz) plotted against

geographic latitude.
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ionization produced by solar EUV alone will account for
the behaviour of the F2 region over Antarctica,

The point which deviates furthest from the
straight line in Fig. 8(c) is that for SANAE (at 70°S)
and the deviation is seen to be négativeg. This may be
significant since this station shows an unusually high
percentage of ionospheric disturbances (Gledhill, Torr
and Torr53) owing to its proximity to the South Atlantic
Geomagnetic Anomaly, and these disturbances do generally
involve a decrease in fOFZ.

The three quantities A, B and A+65B were also
plotted against geomagnetic latitude, dip angle and
L-value (Figs. 9, 10 and 11) but in each case the
ordering of the points was noticeably less convincing.

The coefficients C and D (Table 7) on the other
hand, do not appear to correlate with geographic latitude,
gedmagnetic latitude, dip angle or L-value., In fact the
coefficient C which measures the effect of changesof the
solar zenith angle on the average value of fOFZ, behaves
in an extremely puzzling way. Although at Cape Hallett,
Terre Adelie and Wilkes the values of C are comparable,
at the neighbouring station Mirnyy its value is of the
order of a gquarter of these. Its value at SANAE, Byrd and
Campbell Island exceeds 6 MHz, but at Halley Bay, which
lies between SANAE and Byrd, it is only 4.5 MHz. At South
Pole, Vostbk and Terre Adelie, stations which are very
clogse to the geographic, geomagnetic and dip poles
respectively, C does not take’on extreme values.

Similarly the coefficients E and F were plotted
against geographic latitude, geomagnetic latitude,
dip angle and L-value but failed to correlate with

any of them, With the exception of two values of very’

low/...
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| FIGURE 9 | S
A, B and A + 65 B plotted against geomagnetic ) | Lo
latitude B T
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FIGURE 10

A, B and A + 65 B plotted against dip angle
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low weight from Vostok and Mirnyy (for which stations only
data near sunspot minimum were availéble), F is always
positive, This shows that solar activity definitely
influences the semi-annual variation of AO and tends to

increase it.

1.6 THE DATE OF CHANGEOVER

The transition between local time control and UT
control of the ionosphere is sometimes very sharp, taking

place within a few days (Piggott and Shapleyll4,

Rishbeth12?).

%n example of this for SANAE is shown in
Fig. 12, To investigate whether this phenomenon shows any
dependence on solar activity, the dates of changeover for
five stations for which the changeover was easy to detect,
are shown in Tables 8 and 9., From these tables it appears
that the changeover dates for each station are approximately
the same from year to year. This is shown more clearly in
Fig. 13 where the changeover pericds between UT and LT
controlled behaviour for SANAE are shownffor the period
1962-1970 (where data’ were available). Tables 8 and 9 also
support the idea put forward by Piggott and Shapley that
the changeover occurs on different dates at different
stations.

To investigate the difference in changeover date
between different stations, the average changeover date
for each of these stations is plotted against geographic
latitude (Fig. 14). However, no simple pattern emerges
from this figure, Attempts to correlate the changeover
dates with geomagnetic latitude and L-~value also failed
(see Fig. 15).

The average changcover dates (averaged over

several/ ...
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Pigure 12

The time of day of maximum fOFZ at SANAE is plotted
against date to illustrate the rapid transition
between local time and universal time control of

-

the Ionosphere,
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ABTLE

8

DATES OF CHANGEOVER FROM SUMMER TO

WINTER BEHAVIOUR.

CAMPBELL
ISLAND

SANAE

HATIEY BAY

PORT
LOCKROY

BYRD

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
9
1970

19

MAR 11(%5)
MAR 8( 3)
MAR 11( 7)
MAR 27( 5)
FEB 17( &)
FEB 29( 2)
MAR 24( 2)
MAR 10( 0)

21(%1)
25( 4)

FEB
FEB
MAR 2( 0)
22( 2)
3( 0)
3( 1)
9( 2)

FEB
MAR
MAR
MAR

MAR 14 (E9)
FEB 27( 1)
MAR 14( 8)
MAR 17( 7)
8( 7)

9( 1)

MAR
MAR

MAR 16(1.0)

MAR 3(£2)
MAR 23( 1)
MAR 14( 0)
1( 1)
25( 3)
10( 1)
25( 0)

MAR
FEB
MAR
FEB

MAY 19(20)
MAY 4( 2)
MAY  6( 4)
MAY 6( 3)

NOTE: Since the changeover usually took place over a

© period of_several days, the date recorded is the mid-

point of the transition period and the figure in brackets
an estimate of half the length of the transition period in

daysoe
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BLE 9

DATES OF CHANGEOVER FROM WINTER

TO SUMMER BEHAVIOUR,

CAMPBELL PORT
YEAR| ISLAND SANAE |HALLEY BAY| LOCKROY BYRD
1957 |NOV 25(%5) JUT 27(%1)
1958 |[NOV 21( 3) JUL 28( 4)
1959 |NOV 10( 5) AuG  3( 2)
1960 [Nov 1( 3)| JTT 28( 2)
1961 [NOV  5( 6) SEP 13(%2) AUG 11( 2)
1962 |0CT 15( 6)|0CT 29(¥2)SEP 29( 3)|oce 2(%2)
1963 |[NOV  1( 0) ocT 6( 1)
1964 oct 31( o)ocr 7( 5)(0CcT 3( 2)
1965 |0CT 31( 1) 0cT 15( 3)|0CT 12( 1)
1966 |[0OCT 5( 2)|0CT 30( 2) ocT 22( 1)
1967 0CT 29( 1)0CT 13( 4)|0CT 24( 3)
1968 OCT 21( 1)0CT 16( 4)|0CT zé( 2)
1969 OCT 31( 3)oCT 24( 7)|0CT 29( 1)
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ABLE 10

THE AVERAGE CHANGEOVER DATES FOR THE
TRANSITION BETWEEN UT AND LT-CONTROLLED
BEHAVIOUR AT FIVE ANTARCTIC STATIONS,

LT TO UT TRANSITION

UT TO LT TRANSITION

STATION NO, OF DAYS NO,., OF DAYS
. BEFORE AFTER
DATE DEC, 22 DATE DEC, 22
SANARE OCT 28 55 MAR 1 69
HATLLEY BAY oCT 8 75 ‘MAR 11 79
PORT LOCKROY oCT 17 66 MAR 6 T4
CAMPBELL ISLAND|NOV 6 46 MAR 10 78

LT TO UT TRANSITION

UT 70 LT TRANSITION

STATION NO, OF DAYS NO. OF DAYS
BEFORE AFTER
DATE | JUNE 21 DATE JUNE 21
BYRD MAY 9 43 AUG 1 41
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Figure 13

The dates of changeover between LT and UT behaviour for
SANAE plotted against year for the period 1962 - 1970.
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Pigure 14

The average changeover dates for the transition between
LT and UT behaviour plotted against geographic latitude
for five stations:- Byrd, Halley Bay, SANAE, Port Lockroy
and Campbell Island. The average changeover date is
repreéented by a point and the period of pT control is

shown,
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Figure 15

The mean changeover dates plotted againet: (a) L-value

and (b) geomagnetic latitude for the five stations:-

Byrd, Halley Bay, SANAE,Port Lockroy and Campbell
Island,
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part played by horizontal neutral winds in determining the
behaviour of the F2 peak,

First we shall look at the evidence in favour of
the wind argument, viz, the correlation between theoretical
wind velocities and observed £, F2, then the evidence against
the wind argument, i.e, where the wind argument fails., The
next part of the chapter deals with a study of experimentally
measured wind velocity data. The only station for which
suitable data were available, was Halley Bay. Data for this
station obtained during the IGY (1957-1958) were analyzed

11 and several of their tables have

by Bellchambers et al
been included in this chapter. In section 2,6 a study of
the IQSY data is undertaken., Then an analysis of fOFZ
values for several pairs of stations at the same geographic
latitude was undertaken, the purpose of which was to look
for trends in the behaviour of fOFZ stations at the same
latitude which might be éttributed to winds. Finally
Wiﬁds,are considered as a possible explanation of the
results of the harmonic analysis outlined in Chapter 1.

-«

242 TEE WIND EXPLANATION OF KING ET AL

Making certain assumptions about the pressure
gradients, electron densities, scale heights, etc., Kohl

92 obtained solutions of the equation of motion of

and King
the neutral atmosphere for equinoctial conditions at
sunspot meximum and sunspot minimum., Figure 16 shows the
temperature distribution with latitude and longitude
(Jacchia's model) which Kohl and King assumed while Figure
17 shows the results which they calculated for sunspot
‘minimum,

Furthermore they suggested that the effect that

an horizontal neutral wind will have on the ionosphere,

will/. .o
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Figure 16

The exospheric temperature distribution used by Kohl

and King92. Copy of Pig. 1 of their paper.
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Figure 17

92 for

The wind pattern calculated by Kohl and King
equinoctial conditions near sunspot minimum. (Copy

of Fig, 6 of their paper.)
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will be as follows, If the wind drives ionization down
the lines of force, the layer will move into "a region of
greater loss rate" which would result in a decrease in the
critical frequency and the height at which it occurs., If
the wind results in an upward drift of ionization, the
ionization will be driven into "a region of smaller loss
rate" and thereby will cause the critical freguency and
height of the F2 layer to be greater than what they would
otherwise have been,

From this wind pattern and its postulated effect,
King et a184 suggested that the UT behaviour of foFZ in
Antarctica might be explained as follows., Although the
Antarctic stations which expé%hence maximum fOFZ values
near 06 to 07 hours UT have widely varying geographic
longitudes, they all lie on the same side of the magnetic
pole (see Fig. 18) and should therefore have similar
magnetic longitudes., This being so, winds blowing at about
06 to O7 hours UT will produce a maximum upward drift of
ionization at all these stations at about this time and
hence explain the UT phenomenon. "

The wind theory has been taken a step further by
Challinor and Eccleszo who show that, because of the
variation of magnetic dip and magnetic declination with
longitude at geographic latitude 450 South, the magnitude
of the vertical velocity at any given local time is
dependenf on the longitude., Further, for any given local
time, the longitude at which the maximum upward or minimum
downward drift occurs, is one for which the specified local
time is equal to 06 UT, ZEccles et 3140 obtained a similar
result by solving the continuity equation for wvarious
longitudes at a latitude of 5Q°s and suggest that this
might explain the 07 UT effect observed at Antarctic
stations. B

These/...
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TABLE

11

:&5

The geographic co-ordinates, geomagnetic

longitude and magnetic declination (BarishB)

at the twelve Antarctic stations used in the

analysis of section 2,.2.

GEOGRAPHIC | GEOGRAPHIC | GEOMAGNETIC| MAGNETIC
STATTON LATgTUDE LON%ITUDE LONgITUDE DECTLINATION
S E E
Byrd . 79,98 ~120,02 336,0 68
Cape Hallett 72,32 170°22 - 278,2 104
Campbell Island 52,55 169,15 253.,0 28
Halley Bay 75.52 1 | 226,60 24,3 -1
Mawson 67.40 6 62,50- 1 103,0 - =61
{Mirnyy - - . 66,57 92,92 . 146,6 -80
Port Lockroy. ~«in 65325 (Tl o xb4e2T <+ 110 3,9 ~ 16
SANAE; " - 0,300 T2 35 | T 44T |- =20
Scott - 77,85 | 7 166,755 29404 | 4141
Perre.Adelie "|. 66,67 "1 140,02 | “'230.9 | =74
Vostok - oT6.480 | 106,50 | 9ZiE =115
Wilkes 66,20 110,35 1790 -89
o
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Figure 19

The monthly gquiet-day average fOFZi( in MHz) is plotted
against time of day for the three stations Port Lockroy,
Halley Bay and SANAE, Beneath the summer and winter
fOFZ curves for each station is plotted the vertical
drift velocity for that station,(as calculated from
Kohl and King's predicted horizontal neutral wind

system for sunspot minimum conditons.)
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Figure 20

The monthly quiet-day average £, F2 (in MHz) is plotted
against time of day for one summer and one winter month
for Scott, Cape Hallett and Terre Adelie, Beneath the
summer and winter fOFZ curves for each station, the

vertical drift velocity for that station is plotted.
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Figure 21

The monthly quiet-day average fOFZ (in MHz) is plotted
against time of day for one summer and one winter month
for Mirnyy, Vostok and Wilkes. Beneath the summer and
winter curves for each station , the vertical drift

velocity for that station is plotted.
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Figure 22

The monthly quiet-day average fOFZ ( in MHz) is plotted
against time of day for one summer and one winter month
for Byrd, Campbell Island and Mawson., Beneath the

summer and winter curves for each station, the vertical

drift velocity for that station is plotted.
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These analyses are all fairly general, However,
they do not consider what happens at individual stations
in Antarctica. A good tesf of the theory would, therefore,
be to calculate the vertical drift of ionization caused
by horizontal neutral winds at a number of Antarctic
stations and compare this with the behaviour of fOFZ at
the same stations. This was done for twelve stations
(see Table 11) using the horizontal neutral wind velocities

calculated by Kohl and King92

for equinoctial conditiomns
around sunspot minimum. These vertical drift velocities
have been plotted together with the mean monthly values of
foFZ for Decembtdr and June for each station in Figs. 19 to
22, Also shown is the local time corrésponding to 06 hours
UT for each station, These figures show a very good
correlation between the time of maximum upward vertical
drift and the meximum of f0F2 observed at about 06 hours
UT at most stations. At Port Lockroy, Halley Bay, SANAE
énd Mawson the early morning maximum which 6ccurs at about
06-07 UT in summér, may be accounted for by winds and at
Scott, Cape Hallett and Byrd the 06 UT maximum in winter
occurs at the same time as the maximum upward vertical
drift.caused by winds. At Mirnyy, Vostok and Wilkes,
06 UT coincides approximately with local noon and it is
difficult to isolate wind effects from those due to the
variation in solar zenith angle., At Terre Adelie the
magnitudé of the vertical drift is too small to have much
effect on fOFZ while at Campbell Island the maximum at
about 06-08 UT during summer may be due to a midday
bite-out effect.

At this stage one might note that the vertical

drift velocities shown are those calculated for equinoctial

conditions/ ...
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Pigure 23

Global view of the exospheric temperature
distribution for
(a) southern hemisphere summer
(b) southern hemisphere winter
and (c) equinox conditions.
The dotted line indicates the daily path of a
high—latitudé station in the southern hemisphere.

So0lid lines represent isotherms,
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conditions, while the values of fOFZ are for summer and
winter., However, extrapolating Kohl and King's92
calculations, the wind velocities for summer and winter
should be very similar to those for the equinoxes, This
is due to the fact that the most important factor affecting
wind velocity is the pressure gradient, and Kohl and King
assume this to be directly proportional +to the temperature
gradient, Viewed globally (Fig. 23), the temperature
gradients do not change very much from summer to winter -
the individual stations merely cross different isotherms
during different seasons. Thus since the magnitude of
the velocity is -much the same between latitudes 30° and
90° south (Fig. 17), there is very little change in
magnitude with season at any station, The change in phase
of the wind velocity with season at any station (i.e. the
change in the time of day at which winds blow in the
direction of theemagnetic field) is determined by the
chahgé in geographic longitude of the sub-solar point at
a particular geomagnetic longitude, At all stations except
Terre Adelie the change in this geographit longitude between
summer and winter is less than 15° - so that the variation
in time of day of maximum upward vertical drift at these
stations during the year is less than one hour. At Terre
Adelie the variation amounts to several hours but at this
station the magnetic inclination is close to 900 and the
component;of the horizontal neutral velocity along the
field line is negligible.

The comparison between vertical drift velocities
and F2 critical frequencies is also illustrated in Figs. 24
and 25, In Fig. 24 the time of day of meximum f0F2 in
winter is plotted against geographic latitude for several
stations in the Ross Sea area., In the upper diagram time

is measured in LST while in the lower one it is measured

in/o-:
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Figure 24

The time of day of maximum fOFZ in winter for
several stations in the Ross Sea area is
plotted against geographic latitude. To the
right of this is plotted the time of day of
maximum upward vertical drift for the same
stations. (Upper diagrams show time in ST,

lower diagrams give time in UT.)
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Figure 25

The time of day of maximum fOFz in summer for several
stations in the Weddell Sea area plotted against
geographic latitude. The right-hand diagram shows the
time of day of maximum upward vertical dr%ft for the
same stations. (Upper diagrams give time in LST,

lower ones time in UT.)
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atmospheric circulation are not observed at these times
either, Thus the radical changes in circulation observed
in October do not account generally for the rapid
transition between LT and UT-controlled behaviour of fOFZ.
(iii) winds and production due to solar EUV are not
sufficient to account for the magnitudes of the observed
critical frequencies in winter. Xing et a182 have stated
that in solving the continuity equation and the equation
of motion of the neutral atmosphere for winter conditions,
it is necessary to include an additional source of
ionization , such as particle precipitation, in order to

explain the observed magnitudes of f F2,

2.4 OTHER THEORETICAL WIND MODELS

Before leaving the subject of theoretically
determined neutral winds, let us consider the wind
patterns which have been predicted theoretically by
several other Workefs. Fig. 26 shows the diurnal
variation of the North-South component of horizontal

neutral wind velocity as calculated by Stubbe146,

185 and Bailey et aldr for mid-latitude egquinoctial

Geisler
conditions around sunspot minimum. In Fig., 27 the
>component of the horizontal neutral  wind velocity along the

92 and Torr162

‘magnetic® field as calculated by Kohl and King
for two stations with similar magnetic inclinations at
sunspot minimum are shown. The discrepancy in the magnitude
of velocity predicted by the different workers is striking.

Besides this discrepancy in magnitude, there is

also a difference in opinion as %o the effect which the
vertical drift set up by this horizontal wind will have on
the F2 peak, KXohl and King's suggestion that an upward

vertical drift causes an increase in fOFZ while a downward

drift decreases it, has already been mentioned., ZFrom the

results/...



Figure 26

The North-South component of horizontal neutral wind
velocity as predicted by several workers for mid-
latitude equinoctial conditions around sunspot
minimum plotted against time. (Positive values

represent winds blowing towards the Equator.)

oot Stubbe 40
______ Geisler183
teecsesesces Bailey et al4. Curve A,

Bailey et al?, Curve F.
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Pigure 27

The vertical drift velocity ( in ms"l) produced at
the F2-peak as a result of horizontal neutral
winds as calculated by Torrl62 for SANAE for
summer conditions near sunspot minimum, and by
Kohl, King and Eccle395 for Port Lockroy for
conditions near sunspot minimum. In each cése the
velocity is plotted against time of day.
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We shall consider, therefore, the results which
they obtained for the North-South component of drift
velocity in the F-region., The average monthly values of
vy for the year 1958 are shown in Fig. 28, This is a copy
of Fig. 67 in the paper by Bellchambers et al, This figure
shows that the average value of this component is positive
(i.e, northwards) during March, April and May while for
the remainder of the year (except for July when it is
approximately zero) the average value is negative
(southwards), This would suggest that, if winds did have
any considerable effect on the ionosphere, the behaviour
during the aforementioned three months (when the average
vy is positive) might be extreme and noticeably distinct
from the behaviour during the rest of the year. However,
as is well known, it is the behaviour in November, December
and January which is extreme and distinct from the rest of
the year,

Bellchambers et al have also plotted the average
hourly values of the N-S component for the four seasons of
the year (see Fig. 29). From this figure” the average value
of the N-S component in summer is seen to be approximately
Zero ﬁetween 19 hours UT (17 hours IMT) and 06 hours UT
- (04 hours IMT), During this period the average value of
f F2 increases from about 6.8 MHz to ébout 8,0 MHz. Thus
since production due to solar EUV is a minimum at this
time, if %he N-~S component of the wind velocity is zefo
during this period, it cannot be responsible for the early
morning maximum in f0F2 at Halley Bay.

Table 13 (Table 67 of Bellchambers et al) contains
a summary cf the average N-S component of F-region drift
velocities for all hours of the day for every month during
the IGY, Extracts from this table are compared with average

values of fOFZ for the same period in Table 14.

TWO/ 4 s
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Figure 28
Copy of Figure 67 from Bellchambers et alll. This

shows the variation of the monthly average drift

velocities in the F-region during 1958.
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FIGURE 28
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FIGURE 67. Variation of the F region drift velocities during 1958. The method of deriv}ng the curves is described in the
text.
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Figure 29 ' L
Average hourly values of Vs Vy, V and 4 for the ,-v
' four seasons of the year, taken from Bellchambers “ o
et alll. |
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FIGURE 29
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FIGURE 71. Diurnal variations of the F region drift velocities for each of the four seasons of 1958. The count for each

hour is denoted: O, 6t0 9; @, > 10.



Table 13. Hourly values of the N-S component of drift

the IGY,

ing

)

, at Halley Bay dur

velocity, vy

11

taken from Bellchambers et al

TABLE 67. F REGION DRIFT

VELOCITIES: HOURLY MEDIAN VALUES OF THE NORTH-SOUTH

COMPONENT, V. IN UNITS OF 1 M/s

10

hour U.T. 00 o1 02 03 04 05 06 a7 a8 a9 11 12 13 14 15 16 17 18 19 20 21 22 23

month

1957 )
June . . .o .e .e .e . . . . . ~-74 ~37 ~180 -9 +2 ~8 e +33 . ce . e e
July . .. . e .o .. ve .e . .. =119 © 469 ~112 ~58 —41 25 467 -5 =24 ~84 . . ..
Aug, .. . I . .o (4] e ee +41 ve +27 ~10 . . +23 440 ~113 . +50 33 e ~18 +3 -125

_ Scept. ~32 +19 -26 +1 +46 450 +9 0 42 . .. . ‘e .e e . . .e .e e =19 e .e ~10
Oct. .. . .o . .e +27 o . .. e e e . .e . ee . .o ve . .. o .o .
Nov, . .e . .e .o .e . .. .e ee . .o . . . .. . . . .e .. « . ce
Dec. .o . . .e e . ., . . e e . .o .. . ve .e .o . ve . o . .

1958
Jan. .e .o . .e ve .. ee .o .. .o .o e .o .. .o ‘e . e . .o . .. .o .e
Feb. ~80 +116 ~28 +6 +6  ~30 -1 =34 . . .e .o ~1 ~89 oo =213 ~56 .. ~25 466 ~43 431 422 48
March ~40 ~10 459 +6 429 +I50 o 119 4122 48 435 .. e o ~50 . .. =205 ~43 a +20 421 +27 +178
April .o .. . .. e . e e ~8 -5 ~18 —62 ~70 42 +58 4218 444 421 +5 +16 +34 —49 .o e
May .. . . . +141 -2 +16; . -10 462 ~186 +53 422 464 -4 430 434 +51 -2 +8 -3 10 —4 =36
June ~5 435 ~18 ~38 4254 ~I105 . .. ~13 .. ~28 468 43 ~17 —46 —80 43 420 -I0 0 ~74 +38 -8 =77
July +12 .. +47 453 48  -—16 0 +64 -4 +13 458 -8 =30 478 ~50 434 45 +18 414 +1 ~71 ~78 ~78 =30
Aug. - -7 . -73 432 460 ~—198 450 +6 ¢ ~59 —54 410 ~22¢* -2 4100 ~20 ~38 ~16 ~-50 422 ~123 ~24 54
Sept, -17 -9 422 -7 42 +18 ~3 414 ~19 ~56 -5 -6l ~26 ~20 =27 446 ~—85 477 31 ~2 430 40 -5 ~if
Oct. ~30 -80 ~-23 ~34 443 +6 410 —420 422 “e 428 ~96 ~24 —40 ~20 466 ~158 —12 ~—47 ~48 ~59 =39 -2 412
Nov. -53 48 -5 422 ~52 -8 +6 . ~56 —10 ~104 ~348  +61 ~62  ~90 0 +I128 ~34 ~45 =185 1l o —43 ~12
Dec. ~T 47T 412~ +59 452 ~62 —43 -89 22 e ~-34 460 ~116 ~59 ~101 ~-52 ~91 ~63  ~61 +14 ~106 +1 +40




TABLE 14, A comparison between the monthly average N-S component of drift velocity for particular
hours of day measured at Halley Bay during the IGY and average values of fOFQ for the

same periods.

HOURLY AVERAGES OF N-S CORRESPONDING HOURLY
MONTH | PERIOD| COMPONENT OF W;ND VELOCITY AVERAGES OF f_F2 IN MHz
IN m/s .
¥

|Feb, 58 | 00-04 ~-80 | +116 | -28 +6 +6 | 8Be2 | 6.7 | 6.7 | T4 | 6.5

18-21 -25 | +66 | =43 | +31 Te3 | 7«1 | 7+3 | 8e1

Mar, 58 | 07-10 | +119 [+122 | -48 | +35 5.9 | 6.2 | 6.2 | 6.4
19-23 O| +20 | +21 | +27 |+178 | 7+9 | 6.6 | 5.7 | L6 | U446
v , Apr. 58 | 11-15 62 | =70 | 421 | +58 |+218 | 8.4 | 9.3 |10.6 [11.0 |11-.2

e " |May 58 | olk-06 | +141 -2 | +16 57 | 57 | 4eb

o 08-12 ~10 | +62 |-186 | 453 | +22 | 4.6 | 5.2 | 6.2 | 7.4 | 8.8
~ June 58 | 01-05 +35 | -18 -58 +254 | =105 | 2.1 | 2.7 | 2.6 | 3.7 | L.0

10-13 -28 | +68 | -4z | -17 ho1 | 4.8 | 5.9 | 5.8
14-18 ~U6 | --80 | H4B | +20 | <10 | 543 | L4 | 38| 3.0 | 243
19-23 0| -74 | +38 8| -77 | 1.9 | 17| 1.9 | 2.0 | 2.1
July 58 | 10-14 +58 -8 -zo +78 | =50 | 4.3 | 5.1 | 6.0 | 6.1 | 6.0
14-18 ~50 | +34 | 45 | +18 | 414 | 6.0 | 5.0 | Ll | 3.5 | 2.7
Aug. 58 | 03-07 =73 | 432 | 460 | =198 | +50 | 4.0 | 43 | 4o1 | L.1 | Les
13-17 -22 -2 |4100 | -20 | =38 | 9.4 | 89| 8.5 | 7.5 | 6.6
Sept. 58 | 14-18 - +46 | -85 | +77 | -31 (11.3 |11.3 |11<4 {10.8 | 9.9
Oct. 58 | 0o4-08 +43 +6 | 410 | U420 | 422 | TeG | Teb6 | Te9 | T+5 | 7T+6
13-17 o | -20 | 466 | <158 | =12 | 9.2 | 9.5 | S.6 | 9.8 | 9.9
Nov. 58 | 09-13 ~10 |~-104 |-348 | 461 | ~62 | 8.6 | 80| 78| 7.5 | T+6
14-18 -90 O |+128 | =34 | .85 | 7.3 | 7.2 | 75 | 76 | 7-9
Dec. 58 | 11-15 -34 | 460 |-116 | -59 [-10L | 6.6 | 6.6 | 6.6 | 6.6 | 6.6

The third column of this table (headed "HOURLY AVERAGES ...") contains the monthly average N-S
component of wind velocity for each hour of the period specified (second column). The final

column contains the monthly average fopz for the same hours.




Two conclusions which may be drawn from these
two tables are:
(2) that large hour-to-hour fluctuations in the
average measured values of wind velocity (including

fluctuations in which the N-S component of wvelocity

changes direction) do not seem to affect the corresponding

hourly values of f F2, and

(b) that month-to-month variations in the average
N-S component of wind velocity at a particular hour of
day are too large to reflect a consistent behaviour
pattern., TFor example, compare the average velocities
between 10 and 12 IMT for May Wifh those for June and
Jule - there is no apparent consistency at all between.
the values at times lb, 11 and 12 IMT for these three

winter months.
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The data from Table 14 are portrayed in a different

form in Fig, 30(a). For this figure the mean of the hourly

average N-S components of wind velocity for each 3-4 hour
period shown in Table 14, was calculated, The difference
between eachvindividual hourly average and the mean for
the period, /v, was then plotted against Af F2, the
difference between each individual hourly average of
fOFZ and the mean value of fOFZ for the corresponding
3 or 4 hour period. This figure shows that there is no
obvious relation between observed fOFZ variations and
changes iﬁ observed wind velocities.,

In general, therefore, this analysis would seém
to indicate that, at least during solar maximum, the wind
velocities at Halley Bay do notv account for the early

morning maximum of fOFZ in summer,

2.6 STUDY/...



Figure 30(a)

Av (the difference between the value of v for a
particular hour and the mean for the period)
plotted against lebFZ (the difference between
the value of }OFZ for the same hour and the mean

for the period) - see text.



AV

250 ¢

200 |

100

-100 ¢

-200

T

~3007

-350
-20

-10



AV

70 ¢

50 |

-50F

-100

N
>

-150 + .

Av plotted

Pigure 30(b)

against Af F2 - see text.

AT F2

20



37

2,6 STUDY OF WIND DATA AROUND SOLAR MININUM

Since drift velocity measurements obtained at
Halley Bay during the IQSY (1964-65) were available,
further study was carried out on some of these data.
Tables Al to A10 (Appendix 3) contain the hourly values
of wind velocity data obtained for heights between 250
and 300 km above the surface of the earth during February,
March, October, November and December 1965. These months
were chosen because more measurements of F-region
velocities were obtained during them than in the remaining
7 months of the year, Tables Al to A5 contain the average
N-S component of velocity determined with two or three
antennas, tables A6 to A10 the N-S component as measured
with a single antenna,

Values of the N-S component measured between 200
and 250 km in March and October 1965 are shown in Tables
A1l and A12 (again these were the months with the largest
number of observatidns)° The measured values of velocity
between 250 and 300 km are scarce but values between 200
and 250 km are even scarcer, For this reason the monthly
averages have not been taken. However, one thing which is
evident, despite the lack of readings, is the extreme
variability present in the data.

The hourly values of the N-S component of velocity
are compared with the corresponding hourly measurements of
fOFZ for some selected periods on particular days in Table
15, This comparison leads one to the same conclusion as
the comparison in Table 14, viz, that the large hour-to-hour
fluctuations in wind velocity are not accompanied by
corresponding changes in fOF2.

The difference between each hourly value of wind

velocity given in Table 15 and the mean value over the

whole/ .o




TABLE 15- A comparison between hourly values of N-S component of drift veiocity for particular

hours of day measured at Halley Bay during the IQSY and corresponding hourly measurements

of fOFE for the same periods.

MONTH PERIOD HOQURLY AVERAGES OF N-S COMPONENT CORRESPONDING HOURLY AVERAGES

(HRS LMT) (m/s) DURING PERIOD SPECIFIED OF f F2 IN MHz

Feb 10 01-0k 10.9 | -29.5 [ o~ -61.7 b9 [khes [L.55 |5.0
Feb 16-17 22-0 17.7 -22-7 2.7 | =16.0 649 1.8 | 5.4 |5.7 |5.9 |5.6 4.9 |5.5
Feb 25 02-0 -10.5 «1 | -14.2 ZaB 3-2 39 :
Feb 25 19-23 7.8 | -111.2 - - ~14.7 -8 |5. 6.1 |5.8 |5.8
Feb 27 212l 32.8 0.1 - 29.7 5.1 |[5.7 |4.5 |-
Mar 1 00-0 85.8 | -37.6 | -14.6 - Lo.2 |-189.8 2.0 L.9 4.3 4.0 |U.25 |h45
Mar 4~ 5 230 2.5 | 152.3% | -10.7 | 8«&4 14.6 =27 65 |47 (4.0 [4.05 [3.5 |3.6
Mar 5 oo.2l 6.1 -1.6 31.3 he6 3.9 |3.45
Mar 7 02023 oL, 7.2 L.3 | 3.45
Mar 13 21-23 ~0+3 8¢3 -9.0 L.o |3%.9 |3.65

o Mar 9 ok-05 ~31.1 20.8 3.6 |4.3

2 Mar 16 05-07 -19.1 =77 -0.4 3.0 | 3.3 |3.45

o) Mar 28 05~-07 -_ -36.9 | -16.1 2.4 | 2.75 | 3.55
Oct 1 00-02 ~T.1 g.u ~17.2 3-1 3.6 | 3.5
Oct 11 17-22 15.8 5 2.6 - -1.6 =13 |54 L5.2¢ |5.0 |52 |5e4 -
Oct 12 22-23 “15.4 -1.8 5¢5 |55
Oct 13 2003 5eT 22.7 b4.o -
Oct 14 o2-24 ~7+0 _ =34.6 ‘ Leo |41 |L4.0
Oct 16 00-04 ~1.7 -6.5 - ~26. ~10+0 | ! 5¢1 |4.8 4.6 (4.3 |h.25
Oct 18 13-17 — -14.8 0.0 - 12.8 5.2 | 4.9 |4.8 Z~15 5elt
Oct 19 13-16 -4.5 0.3 7.2 -0.6 5.15 | 4.95 |4.8 -8
Oct 22 09-14 | -45.6 - -15.8 -0.8 =32 16.1 (5.0 | 4.8 4.7 (4.8 |5.0 (5.6
Oct 26-27 | 22-03 | -8.7 6.7 2.3 | 3.1 6.7 | 4.8 - 3-9 "|5+7 |56 |56 |5.0
Oct 28 15-17 1.2 -12.6 ~7+9 4.3 7 |48
Oct 29 02-03% -0.7 -17-1 2»7 h.o
Oct 30 02-03 ~0.6 26.8 2 |b4.25
Oct 31 13-18 | -16.9 -1.6 ~1.5 ~5+0 -6.0 | -15.6 {4.8 |4.7 |5.0 (5.0 |4.9 |4.95
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It is, of course, feasible that these "velocity".

measurements obtained by the spaced receiver metiiod at

Halley Bay may be the phase or group propegation velocitiesg
associnted with travelling disturbances or may result from
irregularities generated by atmospheric gravity waves, instead
of being measurements of the horizontal drift velocity due to
neutral atmospheric winds (Hines and Réghava Rao). However,
Wright and Fedor have shown that in the range 85 - 140 km

the wind velocities deduced by the spaced-receiver method agree
reasonably well with horizontal drift velocities determined by
luminous trail releases from rockets., TFoppl et al have
measured wind velocities in the region 125 - 200 km in the
Sahara and over Sardinia during 1964 and found velocities of
between 40 and 130 ms"1 in this region. These velocities are
1aréer than the velocities used in this analysis for sunspot
minimum conditions but smaller than those obtained by

. Bellchambers et al for sunspot maximum coanditions. For these
reasons the measured values of drift velocity can be reasonably

interpreted as being caused by horizontal neutral winds.

- Foppl H., Haesrendel G., Haser L., Loidl J., ILiitjens P.,

Iiist R., Metzner ¥., lleyer 3., lleuss H and Rieger E.,
Artificial Strontium and Barium Clouds in the Upper Atmosphere,
1967, Planet. Space Sci., vol 15, pp 357 - 372.

Hines C.0., and Raghava Rao R.,, Validity of Three-station
Methods of Determining Ionospheric Motions, 1968, J., Atmosph,
Terr, Phys.,, vol 30, op 979 - 993,

Wright J.W. and Fedor L.S., Comparison of Ionospheric Drift
Velocities by the Spaced Receiver Technique with Neutral Winds
from Iuminous Rocket Trails, 1967, Space Research VII, pp 67 - 72.



38

whole month for that particular hour, Z}v, is plotted
against [§f0F2, the difference between the corresponding
hourly measurement of fOFZ and the mean value of fOFZ for
that particular hour, The result is shown in Fig, 30(b).
Again this shows no relation between fOFZ variations and
wind velocity variations.

Another difference between the observed winds and
those predicted theoretically by Kohl and King lies in
their dependence on solar activity. ‘The magnitudes of the
wind velocities calculated by Kohl and King for sunspot

minimum are about 150 ms-l

40 ms'l. However, the observed wind speeds are greater at

and for sunspot maximum about

sunspot maximum (Table 13%) than at sunspot minimum
(Appendix 3).

The results of this study are, therefore, the same
as those obtained from the analysis of sunspot maximum
data, namely:

(i) individual .measurements of the N-S component of
horizontal wind velocity (or monthly average of same)
fluctuate so much from hour to hour that no underlying
pattern of behavicur is obvious,

(ii) the variability of velocity is not accompanied by
corresponding changes in fOFZ, and
(iii) the average hourly values of velocity observed in
summer do not follow the theoretical pattern derived by
King, Kohl and PrattS? for Halley Bay (see Fig. 31).

These results point to the conclusion that either
velocity measurement technigques are not very accurate or
horizontal neutral winds have very little effect on the
icnosphere generally and fluctuate too much to be
responsible for the regular early morning maximum observed

at Halley Bay during summer,

2‘7 A/.Q.



Figure 31
The theoretical patterns of vertical drift
velocity for Halley Bay and South Pole Station
calculated from Kohl and King's model. A copy

of Figures 3 and 4 in the paper by King et al83
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2,7 A COMPARISON OF £ F2 BEHAVIOUR AT SEVERAL PATRS
OF ANTARCTIC STATIONS

Since there is so much uncertainty about the
magnitude of winds derived theoretically and the effect
which winds have on the F2 peak, it was decided to compare
the observed values of fOFZ at stations having the same
geographic latitude in Antarctica but with different
magnetic declinations in the hope that some trends in the
behaviour of fOF2 ascribable to winds may become apparent.
It must be borne in mind that this is not meant to be an
accurate hour-by-hour comparison, since stations at the
same latitude b&t different longitudes in différent parts
of the world do very often show differences in the
behaviour of fOFZ.

For the analysis three pairs of Antarctic stations
were chosen (see Table 16) situated near geographic
latitudes 65°, 70° and 75?3. The magnetic declinations at
each pair of stations are sufficiently different to show
up any effect which winds may have., In each case one of
the stations falls inside the area of th51Weddell Sea
(PenndorfllB) while the other is in the Ross Sea area.

The idea behind this analysis is to compare the
observed variation of fOFZ with local time at each pair of
stations for specific months of the year., Since each pair
of stations occurs at approximately the same geographic
latitude, the contribution to the ionosphere from solar
EUV will be much the same for both stations at any given
time, If we assume that the contribution from precipitated
particles is small compared with the effects produced by
vertical drifts resulting from horizontal mneutral winds,
which many workers believe %o be the case, it should be

possible to compare the differences in observed fOFZ at any

pair/ ...
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List of Antarctic statiens used

in this analysis

GEOGRAPHIC GEOMAGNETIC | DIP | MAGNETIC

STATION LAT. | LONG. | LAT, | LONG., |ANGIE|DECLINATION
Halley Bay |75.5°S| 26.6°W|65.8°3| 24,3°8| -65° -1°
Scott 77.8°5|166,8°8(79,0° [294,4° | -83°| 141°
SANAE 70.3°S| 2.,4%W|63,6° | 44,1° | -64°| -20°
Cape Hallett|72.3°8|170.3°8(74.7° |278,2° | -85°| 104°
Port Lockroy|64.8°S| 63.5%(53,4° | 3,9° | -58° 16°
Terre Adelie|66,7°8|140.0%E|75.6° |230.9° | -88°]  -74°

aaaaa




Figure 32
The vertical drift velocity (in ms™1) at a height

of 300 km ﬁiotted as a function of local time for
3 pairs of Antarctic stations at similar geographic
latitudes., In each case the upper figure shows
the drift velocity at each station; the lower
figure displays the difference in drift velocity,
<AV'(ms—l), between each pair of stations. The
three pairs of stations are:

(a) Halley Bay (.—e-.) and Scott (.ee..)

(b) SANAR (.—w—.) and Cape Hallett (..... )

(c) Port Lockroy (e—.—.) and Terre Adelie (e....)
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Pigure 33

Comparison of monthly quiet-day average fOFZ values
(in MHz) plotted against time of day for two
stations situated at approximately 75°s geographic
latitude, Halley Bay and Scott, during the
equinoxes. Months shown are lkarch and September
1962, September 1964 and March and September 1965.
The two stations are represented as f;llows:

Halley Bay oo om0

Scott ceseces
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Figure 34

Comparison of monthly quiet-day average fOFZ values
(in MH2) at Halley Bay and Scott during the
equinoxes. Months shown are March and September

1960 and 1961 and September 1958 and 1968,
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pair of stations with the differences in vertical drift
velocity between the two stations. If the theory put
forward by King et 2184 (in section 2,1) is correct, the
differences in obsérved foFZ should correlate well with
the differences in vertical drift velocity predicted by
Kohl and King?,

Thus the vertical drift velocities which might be
expected at each station during the egquinoxes at sunspot
minimum have been calculated using the theoretical wind
distribution of Kohl and Kinggz. These are compared in
Fig. 32. The relative differences between the vertical
drift velocities*at each pair of stations at the same local
times are also shown., These differences can be seen to be
largest soon after midnight and shortly after midday. The
vertical drift velocities for summer and winter as derived
from Kohl and King's model are not very different from the
equinoctial drift velocities (see section 2.2).

The mean of the hourly guiet-day values of fOFZ for

the months March, June, September and December have been

plotted for each station and are compared below,

(a) HALLEY BAY AND SCOTT (75°S)

Figs. 33 and 34 show the behaviour of fOFZ at these
two stations during the equinoxes., From Fig, 32, which
shows the theoretically calculated winds, one would expect
the larges% differences in fOFZ due to winds to occur at
about 02 and 14 hours IMT, ZFrom Figs. 3% and 34 it 1is
clear that the critical frequency at Halley Bay is larger
than that at Scott at about midday (7 cases out of 9)
while soon after midnight the values at Scott are larger
than those at Halley Bay.

Another noticeable feature of Figs. 3% and 34 is

that, with the exception of September 1958, 1960 and 1968

(months/

LI
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Figure 35

Comparison of monthly quiet-day average fOFZ values
(in MHz) at Halley Bay and Scott during the
solstices. The months shown are December and June
1962, 1964 and 1965. The two stations are
represented as follows:

Halley Bay e—e—e—e
Scott eeevcne
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Pigure 36

Comparison of monthly quiet-day average fOFZ values

(in MHz) at Halley Bay and Scott during the

equinoxes.

1960 and 1961,
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(months for which the level of sola: activity was
reasonably high - RZ = 201, 127 and 117 compared with
R,< 64 for the remaining months), the values of £,F2 at

the two stations are very similar, On relatively few
occasions were there differences of more than 1 MHz between
values of foFZ at the two stations, and on no occasion was
the difference larger than 1,6 MHz,

In Figs. 35 and %6 the variation of fOF2 at these
stations during June and December is shown. Here a
completely different picture emerges. During June the
difference between fOFZ values at the two stations is seldom
less than 1 MHz" and differences in excess of 4 MHz can be
seen at solar minimum (at solar maxim