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Abstvact: During the solar echipse of 30th June 1054
ionospheric measurements were made by the NDRE
at three different stations, and in this report the A'f-
observations are described and the results analysed.

In interpreting the results it is assumed that only the
recombination of the free electrons is of importance, and

N - 8

a solar model has been postulated to give a better agree-
ment with observed and calculated curves. Values of the
recombination coefficient a have been deduced for E-,
Fy- and Fylayers.

With regard to the Fy-layers it is found that at a period
around maximum eclipse the observations can only be

by other 18 not

taken into account. -
‘With these assumptions it is shown that the obtained
results cannot be explained in terms of a umiform distri-
bution of the ionizing agency over the sun’s disc, and

mn terms of a marked solar control of the
ionizing agency. A smaller dip observed at all three
stations some time before the optical eclipse, may pos-
sibly be explamed in terms of a corpuscular eclipse.

1.0 INTRODUCTION AND OUTLINE

Considerable interest is attached to the effects
of a solar eclipse on the electron densities of the
ionized layers. As the radiation from the sun
causes the ionospheric layers, the indirect observ-
ation of the ionization through radio measure-
ments provides information about the solarionizing
radiation, and may also provide information about
physical processes at work in the upper atmosphere.

The fundamental differential equation, giving
the balance between the production and loss of
electrons during a solar eclipse, is

aN
ar
where N is the number of free electrons per unit
volume, ¢ = g, p(t) cosx is the number of free
electrons produced per unit volume per unit time,
a is the effective recombination coefficient, » the

= $(f) g, cosx -alN?, 11

zenith angle of the sun, and (#) is the fraction of
the ionizing radiation unobscured.

If one assumes the ionizing radiation to be uni-
formly distributed over the sun’s disc, p(f) gives
the fraction of the sun’s disc unobscured. In this
case it is possible from equation (1.1) to compute
N|N,, as a function of time for different values
of @, N, being the value of N at first contact. A
comparison of the theoretical curves with the
experimental one should allow a be determined,
and once this parameter is determined, ¢, is also
obtained from N, Earlier eclipse observations
have shown that it is impossible to obtain a very
good fit between the observed N(f) curve and the
theoretical curves for any values of « and it is
concluded by different workers that this must be
due to a non-uniform distribution of the ionizing
radiation over the sun’s disc.
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The total solar eclipse of 30th June 1954 occur-
red during a period of extremely low solar activity,
and according to a report from the High Altitude
Observatory at Boulder, Colorado [1] «t will prob-
ably rank as the lowest activity eclipse of modern
times. It was a time when the disc was devoid of
sunspot and plages, and coronal emission visible
in the coronagraph had almost completely dis-
appeared. There was no green line (5303A) emis-
sion visible on either the Climax or Sacramento
Peak spectrograms on that day, but there was
some low intensity red line (6374A) emission.

During the period of the eclipse, ionospheric
measurements were made by the NDRE at three
stations.
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same height, and at Tromsg 66.4 %, of the sun’s
disc was obscured again at the same height.

In section 2 of this report the A'/-measurements
carried out during the eclipse period are reported.

The interpretation of the results for the E- and
Fy-layers is given in section 3. Interpretation in
terms of uniform radiation over the sun’s disc has
been attempted, but the conclusion is that even
for this eclipse, which occurred when the sun was
extremely quiet, this assumption is not satisfac-
tory. In order to explain the variation of the
electron density N in the E- and F;-layers obser-
ved at the three stations, a new solar model has
been adopted. This solar model is compared with
the results of optical observations of the sun, and the
i of our interpretation is briefly discussed.

Geographical | Max, obscuration
Station coordinates at ground
T
Tromoya . 58°N, O°E 995 9%
Kjeller . 60°N, 11°E 99,0 %
Tromse 70°N, 19°E ‘ 75,4 %

At Kjeller 96 %, of the sun’s disc was obscured
at a height of 120 km, at Tromgya the eclipse was
total for about 2 minutes and 39 seconds at the

The results for the Fy-layers are discussed in
section 4, and it is shown that the observations
can only be explained in terms of a marked solar
control of the ionizing agency, and that the value
of the recombination coefficient must be quite
large. The results are also compared with obser-
vations made by other investigators. In section 5
the conclusions of the investigations are summa-
rized.

2.0 OBSERVATIONS

During the eclipse the following ionospheric mea-
surements were made by the NDRE at the three
stations:

Wf-recordings
absorption measurements

Tromoya. .....

Kjeller . ...... Wf-recordmngs
absorption measurements
E-layer wind measurements
| long wave measurements
Wf-recordings
| long wave measurements

The results of the absorption measurements are
given by Lied and Orhaug as Part IT of this com-
munication, and the results of the E-layer wind
measurements are given by Harang and Pedersen
[2] in an internal report. The long wave measure-
ments were made as part of a programme drawn
up by the radio group at the Cavendish Laboratory,

and we have not made a detailed analysis of the
result. However, the observations have been
given in an internal report [3].

2.1 Programme of measurements.

During a control period consisting of 5 days
before and 5 days after the day of the eclipse '/~
recordings were made every quarter hour at the
three stations. The records obtained were of the
normal type, covering a frequency range from 0.7
to 24 Mc/s, cach recording being obtained on 7 cm
paper in 5 minutes using NPL-recorders.

Between 0900 MET and 1700 MET on the day
of the eclipse more frequent observations were
taken. At Tromsg one recording was taken every
4th minute, covering a frequency range from
0.7 to 7.0 Mcfs. At Kjeller and Tromgya one
time marked recording covering the frequency
range 0.7—7.0 Mc/s was followed by two conse-
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Fig. (2.2) Observed values of foF2 on the day of the eclipse plotted together with median values from the control period.
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Fig. (2.4) Observed values of foE on the day of the eclipse plotted together with median values from the control period.
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cutive records covering the frequency range 1.4—
7.0 Mcfs.

The reason for choosing a different programme
at Tromsg than at the other stations was that at
Tromsg no absorption measurements were made,
and it was felt that it would be of interest to obtain
{frequent observations of f,,,.

Each recording was carefully timed, and it has
been possible to determine the critical frequency
times with an accuracy of + 1 second.

2.2 Observational results.

The results are presented in the form of tables
and curves, and the measured parameters are
shown together with median values from the
control period. The measured critical frequencies for
the E-, F;- and Fy-layers for the three stations for
the period between 0900 MET and 1700 MET of
30th June are given in Tables 2.1 to 2.9 at the end
of this report, together with the exact times at
which these frequencies were measured.

In Fig. (2.1) sample redrawn records are shown
for the three stations. It will be observed-from
these records that a marked decrease was observed
for the critical frequencies for the E-, Fy- and Fy-
Jayers during the eclipse. Furthermore a very
close similarity is evident between the records
obtained at Kjeller and at Tromgya, and also to
some degree between these and the records ob-
tained at Tromsg. Heavy E -ionization was ob-
served at all three stations, and it has therefore
been difficult to determine foE with any very
large degree of certainty.

In the F,-layer a «two-ledge» phenomenon was
observed at Tromgya and Kjeller in the late
phase of the optical eclipse period. From these the
lower value was always chosen as foF7.

In Fig. (2.2) the measured critical frequencics
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Fig. (2.5). Observed values of 4pF7 on the day of the

cclipse plotted together with median values from the
control period

tor the Fy-layers at the three stations for the day
of the eclipse are shown together with median
values from the control period. The critical fre-
quencies for the E- and Fy-layers are shown in the
same way in Figs. (2.3) and (2.4).

It is obvious from Fig. (2.1) that 4'F, has been
very much influenced by group retardation in the
Fy-layer during most of the eclipse period, and a
study of 4'F, therefore will give little information
about the variation in true height of the Fy-layer.
The measured values of 4'F, have been plotted
(these curves are not included in this report) and
a very close correspondance is found between the
values obtained at Tromgya and at Kjeller. This
effect is also evident in Fig. (2.1).

In Fig. (2.5) the observed values of hpF1 for
the day of the eclipse have been plotted together
with median values from the control period. It
seems that there is a tendency for the value of
hpFT to decrease slightly around maximum eclipse,
but it was possible to obtain only a few values of
hpF1 for this period.

3.0 PHYSICAL INTERPRETATION
FOR E- AND F,-LAYERS

For the E- and Fy-layers it is generally assumed
that nearly all, if not all, of the ionization occur-
ring 1s due to radiation from the sun’s disc. By
measuring variations of electron density in the

layers, it should therefore be possible to deduce
both the distribution of the ionizing agency over
the sun’s disc and the recombination coefficient
a in these layers.
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where N, = /g, cos ] a is the maximum electron
density in the layer in question at first contact,
and y = N/N,.

From equation (3.2) it is possible to calculate
the theoretical N(t)-curves for the different layers
at each station, and for differing values of the

bination coefficient a. This has been done

°

Fig. (3.1). Calculated and measured N/N, for F,-layer
at Tromoya.

Equation (1.1),
dN
= ?(?) g, cos x — a N2,

is valid in this form when only the recombination
of the free electrons is taken into account. If the
combination of free electrons and neutral atoms
is of importance, another term must be included
in equation (3.1) to account for this mechanisin.
It is also assumed that the rate of generation of
electrons ¢ may be written as g,cosx. This as-
sumption is justified if the observed critical fre-
quencies during the control period follow a cosine
1/4 law. This has not been found to be completely
the case, but since the eclipse occurred very nearly
at Jocal noon both at Tromgya and Kjeller, and
since the cos »-term is consequently nearly con-
stant, the agreement is quite good. At Tromsg
which is a more easterly station a disagreement
occurs in the late phase of the eclipse period, and
here a better approximation would probably be
obtained by assuming the cos x-term to be a con-
stant throughout the eclipse period.

3.1

3.1 Interpretation in terms of uniform radia-
tion over the sun’s disc.

As the solar eclipse in question occurred at ap-
proximately local noon both at Tromgya and
Kjeller, and since the observed variations in the
values of foE and foF7 at Tromsg indicate a con-
stant cosx-term in the eclipse period, we may
neglect the variations of cos » in equation (3.1).
In this case the equation may be written.

1 dy

g — ¥ =0 62

for Kjeller and Tromgya with p(f) calculated for
a height of 120 kilometers. Since the $(f) curves
for these stations at a height of 200 kilometers
differ very little from the curves for 120 kilome-
ters, the calculated N(/)-curves can be used for
both the E- and F,-layers. The conclusion drawn
from these calculations is that it is impossible to
obtain a good fit between the observed and cal-
culated N(t)-curves for any value of the recombi-
nation coefficient a, and the effect is illustrated
in Fig. (3.1) where the calculated and observed
N|N,(f)-curves are shown for the Fj-layer at
Tromgya. The calculated curve is for a = 2:10~°

The disagreements evident in Fig. (3.1) between
the theoretical curve and the observed curve are
typical for both E- and Fj-layers at all three
stations, and we are of the opinion that they arc
typical for all ionospheric measurements hitherto
made during solar eclipses. It has been customary
to determine a from (i) the phase lag between
maximum eclipse and observed minimum of the
electron density, (ii) the minimum value of the
electron density and (iii) the overall fit between
observed and theoretical curves. We felt that these
techniques are of little value because it appears
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curves obtained from measurements.
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that measured variations of the electron density
cannot be explained in terms of uniform radiation
from the sun’s disc.

3.2 Interpretation in terms of non-uniform
radiation over the sun’s disc.

Considering again equation (3.1) which may be
written,

N 14N

ta @

)

we see that if a is a constant and dN/df may be
determined from the observed N(#), J(¢) which is
proportional to p(f) may be determined from the
observations for different values of the parameter a.

As the determination of the critical frequencies
for the E-layers has proved extremely difficult
because of the heavy Eionization, most of the
values of foE are doubtful values. The E-data is
therefore not suitable for analysis. The Fj-data,
on the other hand, is reliable, and the N(/)-curves
from these layers can be differentiated.

By assuming all ionizing radiation to be limited
to the sun’s disc, the recombination coefficient
may be determined from the period during which
the eclipse was total at Tromgya. During this
period p(f) = 0, and consequently,
aN |[dt
N
The recombination coefficient as determined by
this technique, from the Tromgya observations
gives the value

apy = 1.72- 1075,

% !
J) = =) = oo C (3.3)

(34

a =

In Fig. (3.2) the experimental J-curve for the
Fy-layer at Tromgya is shown (circles). This curve
differs markedly from the J-curve obtained by
assuming uniform radiation over the sun’s disc
(drawn). The disposity between the curves at first
and third contact may be explained by assuming
approximately 16 %, of the radiation at the West-
ern limb of the sun. The discrepancy at second
and fourth contact may be explained by assuming
approximately 4 % of the radiation at the Eastern
limb of the sun. Furthermore, in order to obtain
a good fit between calculated and observed J-
curves, approximately 16 %, of the radiation must
be assumed in the middle part of the sun.

C OBSERVATIONS
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Fig. (3.3). Comparison between the theoretical J-curves
and the curves obtained from measurements.
a=172.10-*,

In Fig. (3.3) the J-curves obtained for the thrce
stations by standard techniques of smoothing and
differentiating the N(f)-curves for a =1.72-10~"
for the F,-layers (circles), are given together with
theoretical J-curves obtained by assuming different
solar model.s The value of a, ag ==1.72-107%,
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Fig. (34). Observed and calculated N/N,-curves for the
F-layers.

as determined from the period of total eclipse
at Tromgya, gives an upper limit for az. For
values of a less than this value, the observed J-
curve would become negative. On the other hand
greater values of a are possible, and this point is
discussed in some detail in section (3.4).

As the three solar models adopted from F,-ob-
servations at the three stations prove to be reason-
ably similar, we have assumed a common solar
mode] determined in such a way as to give best
fit between observed and theoretical curves at
the three stations at the same time. This model
is shown in Fig. (3.4) where it is compared with
results obtained by optical observations of the sun.

Geof. Publ.

Using p(f)-curves determined from this solar
model the differential equation in the form (3.2)
has been solved for ditferent values of the para-
meter aN,. In Fig. (3.4) the results of this ana-
lysis are shown for the Fy-layer. Values of N/N,
observed are shown with the theoretical curves
obtained using the curves obtained from the model
and by assuming uniform radiation. The theoreti-
cal curve assuming uniform radiation has not been
calculated for Tromsg. It is evident from Fig.
(3.3) that a much better fit may be obtained be-
tween theoretical and observed curves using the
model, than by assuming uniform radiation.

The results for the E-layer are given in Fig.
(3.5). Here the values of N/N, observed are shown
(circles) together with the theoretical curve which
follows using the model, and a reasonable agreement
is found. It must be borne in mind that nearly all
the observed values for N/N, are doubtful values.

For each of the curves calculated from the model
in Figs. (3.4) and (3.5) the recombination coeffi-
cient ais chosen to give the best overall fit between
observed and calculated curves. The resulting a-
values for the E-layer vary between 1.5 - 10— and
2.0 -107%, and for the F)-layer between 3.0 - 10—3
and 4.0 -107*. The corresponding values of ¢, for
the E-layer vary between 400 and 530 and for the
Fy-layer between 800 and 1100.

3.3 Comparison of “model sun”’ with the re-
sults of optical observations,

The «nodel sun» which was adopted to give the
best fit between observed and calculated J-curves
for the Fy-layers at the three stations is shown
in Fig. (3.4) together with the results of optical
observations of the sun. As mentioned in the
introduction, optical observations showed that
the eclipse occurred during conditions when the
sun was quiet, the only activity being some low-
intensity red line coronal emission and a few pro-
minences on the solar limb. In Fig. (3.6) the
measured limb-intensity of red line coronal emis-
sion is shown, and the position of four small pro-
minences observed is also given.

1t follows from Fig. (3.6) that the model postu-
lated, in which 14 %, of the total ionizing radiation
was placed at the Western limb and 5 9%, at the
Eastern limb, seems reasonable judging by the
results of optical observations which showed
coronal emission from the same regions. The 10 %,
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of the total ionizing radiation postulated for the
middle part of the solar model cannot be explained
in terms of any observed activity. However, this
region may cover the greater part of the sun’s disc
and in fact does not constitute a serious objection
to the model.

3.4 Discussion of uniqueness of solution.

As already stated, the value of the recombina-
tion coefficient a determined for the period of
total eclipse at Tromgya, gives only a lower limit
of az. There is also the possibility that not all
of the ionizing radiation is eclipsed during this
period, and it is then necessary to choose a larger

gl

Fig. (3.5). Observed and calculated N/N,-curves for the
E-ayers.
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Fig. (3.6). Companson of mmodel sum» with the results
of optical observations.

value of the recombination coefficient, and to
postulate a solar model in order to explain the
observed J-curves for this value of a.

Piddington [4] has discussed a number of carlier
cclipse observations and has suggested that the
value of the effective recombination coefficient is
about 5-107* in the F -layer and 1 -10~"in the
E-layer. He has also shown that for these values
of a somewhere between 59, and 20 %, of the
ionizing agency for the E-layer, and somewhere
between 5 %, and 10 %, of the ionizing agency for
the F,-layer remain unshadowed during a total
eclipse, and that thisresidual agency probably origi-
nates in the upper chromosphere and lower corona.

From his observations at Khartoum in 1952,
Minnis [5] postulates a solar model in which the
disturbances are found to be associated with sun-
spot and coronal green line emission. He finds
that assuming all ionizing agency to be distributed
over the sun's disc, az, and ay, are about 0.8 -107°
and 1.5-107% Minnis also develops a method
by which ¢, can be determined without knowing a,
and shows that the values found by Piddington
for az; and a; would result in values of ¢, which
are inexplicable.

We have found it impossible to usc the same
method as Minnis in estimating g, which is inde-
pendent of the values of a. We have tried the
possibility of starting our interpretation with a
larger value of the recombination coefficient, and
have been forced to conclude that a reasonably
good fit between observed and calculated curves
can be obtained even if the value of the recombi-
nation coefficient tends towards infinity.
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4.0 DISCUSSION OF RESULTS FOR F,-LAYER

The observed critical frequencies foF2 at the
three stations on the day of the eclipse have been
shown in Fig. (2.2) together with median values
from the control period. It is obvious that a much
higher critical frequency was found generally on
the day of the eclipse than in the control period,
and that in fact on none of the control days was
a frequency observed as high as that on the actual
eclipse day between about 0800 and 1200 and be-
tween about 1900 and 2400 MET. The standard
deviation obtained from the control period varies
from about 0.2 to about 0.3 Mcfs, and the peak
observed on eclipse day was about 5 times the
standard deviation from the median values ob-
tained during the control period.

From Fig. (2.2) it is obvious that a significant
dip in the critical frequency was observed at the
times of maximum eclipse at all three stations. It
is also noticeable that a smaller dip was observed
at all stations some time before the optical eclipse,
the significance of this effect being the correspon-
dance between the observed effects at the different
stations, rather than any marked departure from
the control values.

4.1 The recombination coefficient and respon -
sible ionizing radiation.

The Fy-layer observations are not readily ana-
lyzed to give information about recombination
in the layers or to give information about the
processes responsible for the layers. In the F,-
layer the effective recombiation coefficient « is
probably much less than in the E- and Fj-layers,
and it becomes difficult to interpret the variations
of the maximum electron density in the layers in
terms of equation (1.1) alone. This is because
the variations obtained cannot be explained in
terms of a balance between produced electrons
and recombined electrons, because random effects,
tidal effects and other causes also play a part.
Furthermore the interpretation might have to
include ionizing agencies other than radiation
from the sun’s disc.

It follows then that F,layer eclipse observ-
ations cannot give any accurate determination of
the coefficient of recombination a« in the layer.

Even so, some information may be deduced from
such observations. It is at once obvious that the
observed decrease during the optical eclipse can
only be explained in terms of a marked solar con-
trol of the ionizing agency, and that a considerable
value of the recombination coefficient is necessary
to explain the observed curves.

A rough estimate of @ may be obtained from the
period around total eclipse if the observed N(t)-
curves can be differentiated. Rewriting equation
(3.3),

7 7 dN
10 =200 = o () 0

we assume that the cos »-term is constant in the
time interval considered, and that p(f), which gives
the fraction of unobscured ionizing agency, may
be written as

pll) = ¢ + ). (*+.2)
Here ¢ is a constant term due to ionizing causes
other than ionizing radiation from the sun’s disc
and s(/) accounts for that part of the ionizing
agency radiated from the sun’s disc.

We observe from Fig. (2.2) that the measured
N(t) carve at Tromgya cannot be differentiated,
and we consequently consider only the observa-
tions made at Kjeller and at Tromsg. For the
Tromsg observations a smoothed N(f) curve has
been obtained, and from this the values of N* and
dN/dt have been deduced for cach fifth minute in
the time period between 1300 and 1430 MET. The
recombination coefficient has been determined so
that the times of minimum of the observed J(f)-
curve and the minimum of the s()-curve coincide.
This gives a value of the recombination coefficient
a of 3-107° It is found that the best fit is ob-
tained for ¢ = 0 and ¢, = 270. The observed J()-
curve has been compared with theoretical curves
obtained for different values of the constant ¢
and g¢,.

In Fig. (4.1) the observed and calculated values
for the Fy-layer are shown, those for Tromsg
being given on the left. In order to obtain the best
fit between observed and calculated curves at
Kijeller, the constant term c due to ionizing agency
not radiated from the sun’s disc, was found to be
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0.07, the value of a was found to be 3-107° and
the value of g, was found to be 230.

It follows that the observed variations of maxi-
mum electron density in the F,-layer in the period
around maximum eclipse may be explained by as-
suming nearly complete solar control of the ioni-
zing agency, and that the recombination coeffi-
cient a in this case has quite a high value, some-
where around 3-107°. But as already stated, Fp-
layer observations during an eclipse do not pro-
vide any very reliable information for deducing
the recombination coefficient or for examining the
mechanism which produces the layers. We feel
that it would not be wise to place too much reli-
ance on the results obtained before a more quan-
titative material is available.

4.2 Comparison of results.

While the E- and F,-layer observations obtaincd
during earlier eclipses have shown typical varia-
tions of the critical irequencies of the type as
given in this paper, F,-layer observations have
given very different results. In fact, in some
eclipses there has been no change in foF2 directly
attributable to the eclipse. Berkner [6] in 1939
analyses carlier eclipse observations and says:
«The tendency seems to be, that when observati-
tions during an eclipse are made where the Fy- and
Fyregions are widely separated, no signiticant
change in ion density of the F,-region is observed,
this situation occurring only in summer in low or
middle latitudes.» Our observations which were
made in summer at middle and high latitudes,
showed a significant decrease of foF2, and further-
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Fig. (4.1). Observed and calculated J-curves for the F.
layer at Tromss and Kjeller.
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Fig. (4.2). Observed values of foF2 at Kjeller and Tromso

during the 1945 eclipse (after Harang), compared with
results for 1954 eclipse.

more a close correspondance was found between
the types of variation occurring at the high latitude
station Tromsg and the middle latitude stations
Tromgya and Kjeller.

Maeda (7] has plotted the vanation in decrease
of F-ionization against sunspot number for
several eclipses, and finds that the decrease is
greatest for small values of sunspot number. Our
observations fit in well with this result. MacLach-
lan [8] in 1953 also analysed a large number of
eclipse observations, but finds no such regularities.

As already mentioned, a smaller dip was obser-
ved for foF2 at all threc stations some time before
first contact. Similar results have been found by
various observers, and the effect may possibly be
explained as due to a corpuscular eclipse. The
significance of the observed dip is not to be found
in the departures from the median values obtained
during the control period, but in the agreement
between the observations at the three different
stations and indeed the agreement with other
observations.

During the solar eclipse which occurred in Nor-
way in 1945, ionospheric measurements were made
at Kjeller and at Tromsg [9]. In Fig. (4.2) the
observed values foF2 obtained at the two stations
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during this eclipse have been plotted together
with observations from Kjeller in 1954, A com-
parison between observations made during the
eclipses of 1945 and 1954 shows a close correspon-
dance.

Some eclipge observations show a two-layer
phenomenon in the Fy-region. Minnis for example
observed that after 3. contact at Khartoum in
1952 a new layer is formed between the F,- and

Geof. Publ.

the Fylayer, which he calls an Iy -layer. This
layer is at first a layer of comparatively low true
height and electron density, but these parameters
then increase until the layer becomes indistinguish-
able from the F,-layer. Our observations did not
show any marked effect similar to the one reported
by Minnis, but a tendency towards a two-ledge
phenomenon was observed in the late phase of the
optical eclipse.

5.0 CONCLUSION

It is of interest that during the total solar eclipse
of 30th June 1954, which occurred at a period of
extremely low solar activity, and which has been
characterized as the lowest activity eclipse of
modern times, the variations in the electron den-
sity of the E- and Fy-layers which were observed
cannot be explained in terms of a uniform distri-
bution of the ionizing agency over the sun’s disc
(sec Figs. (3.1) and (3.2)).

The disparities between the calculated and ob-
served curves in Figs. (3.1) and (3.2) show that
some part of the ionizing agency appeared to have
been concentrated at both the Western and the
Eastern limb of the sun. The value used for the
recombination coefficient a in calculating the «ob-
serveds J-curve in Fig. (3.2) was determined from
the period of totality at Tromgya, and thus invol-
ves the assumption that all ionizing agency is
distributed over the sun’s disc.

Because the concentrated radiation from the
limbs of the sun also may be due to radiation from
the lower corona, and consequently would not be
cclipsed at totality, the values deduced for the
effective recombination coefficient a can only be
regarded as lower limits.

The dip at the period of maximum eclipse which
has been observed for the Fy-layer can only be
explained in terms of a marked solar control of
the ionizing agency, and assuming that our dif-
ferential equation (4.1) may be used for maximum
electron density in the layer, we conclude that at
a period around maximum eclipse nearly all the
ionizing agency was due to radiation from the sun’s
disc, and that quite large values of the recombi-
nation cocfficient are required. As the above
assumption is very doubtful, it would not be wise
to place too much reliance on these results.

In Table (5.1) given below, are listed the values

for the recombination coefficient a, the total rates
of generation of electrons ¢, and the amount of
ionizing agency not distributed over the sua's
disc cg, presented by the values of ¢ as deduced
from our observations.

Station Edayer | Fylayer | Fyplayer
ax 105 go lax 105 go [ax10° ¢ ¢

Tromoya. 32 420 1.8 1000 | — — —
Kijeller 40 530 [ 2.0 1100 (3.0 230 0.07
Tromso . 30 400 | 1.5 800 [3.0 270 0

Table (5.1) Resulting values of a- g, and g/c,.

The values given show good agreement with
values obtained by other investigators from cclipse
observations, but they are quite high comparcd
with the generally accepted values.
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MET MET | MET
hmsl”’ hms | P nms | f
09 01 29 2754 11 40 41 2.85A A
09 04 21 275 11 43 31 290 A A
09 07 11 275 11 49 24 290 A A
09 11 36 275 11 51 18 ‘ 290 A A
09 14 28 2.80 11 54 09 (2.90)A A
09 17 18 (2.80)A 11 57 00 (2.90)A 143740 | (280)A
09 21 42 2.80 12 01 55 (2.90)A 14 40 30 (2.80)A
09 24 33 2.80 12 04 46 (2.90)A 14 43 20 (2.80)A
09 27 23 2.50 12 07 35 2.90)A 144812 | (280A
09 32 56 2.80 12 12 30 (2.90)A 14 51 03 (2.85)A
09 35 47 2.80 12 15 20 (2.90)A 14 53 55 (2.80)A
09 38 36 2.80 12 18 10 (2.90)A 145848 | (285)A
09 43 37 2.80 12 23 07 (2.90)A 150030 | 290A
09 46 28 2.80 12 25 59 (2.90)A 15 04 31 290 A
09 49 17 2.80 DN 150025 | 290 AF
09 55 02 2.80 A 15 12 27 (2.90)AF
09 57 53 2.80 A A
10 00 43 2.80 ! A A
10 05 06 2.80 12 45 09 (2.70)A 15 22 57 2.85 AF
10 07 57 250 A 15 25 46 2.80
10 10 48 2.80 A 15 30 46 2.85 AF
10 15 45 2.80 12 55 47 (2.60)A 15 33 35 (2.80)AF
10 18 35 2.80 A 15 36 26 (2.80)AF
10212 | 280 A 15 41 27 2.80 AF
10 26 22 2.80 A 15 44 19 2.80 AF
10 29 13 2.80 13 09 14 (2.55)A 15 47 10 2.80 AR
10 32 03 2.80 A 15 52 10 2.80
10 37 00 2.80 A 15 55 o1 2.80
10 39 50 2.80 A 15 57 52 280 A
10 42 40 2.80 13 24 31 (2.15)A 16 02 51 2.80
10 47 35 2.80 A 16 05 40 2.75
10 50 25 2.80 13 30 07 (2.00)A 16 08 30 275
10 53 16 2.80 13 34 52 (165)A 16 13 31 270
10 58 11 2.80 A 16 16 21 270
11 02 02 2.80 A 16 19 12 270
11 03 54 2.80 A 16 24 12 2.70
11 08 51 2.80 A 16 27 01 265
1111 42 2.80 A 16 29 51 260
11 14 32 2.80 A 16 34 50 265
1119 29 2.85 13 58 01 (L90)A. 16 37 39 260
11 21 20 2.85 A 16 40 28 2.60
1125 09 2.85 1405 44 (2.40)A 16 45 25 260
1130 03 2.85 1408 34 (240)A 16 48 15 260
11 32 53 2.85 A A 16 51 08 2.65H
1135 43 2.85 A A 16 56 08 265 H

Table (2.1). Observed cnitical frequencies for the E-layer

at Tromoya.
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MET | MET MET

homs | P homos | fo homos | fo
090148 | 275 11 40 34 2.90 A 14 22 37 ’ (2.50)A
090438 | 275 11 45 40 (2.90)A 14 27 51 (2.60)A
09 07 31 2.80 11 47 50 (2.90)A 14 30 47 2.80 A
09 12 41 ‘ 2.80 11 51 21 (2.90) 143438 | (280
09 15 31 2.80 11 56 30 (2.90)A 14 38 58 (2.80)A
09 18 22 2.80 11 59 20 (2.90). 14 41 49 2.85 A
09 23 36 2.80 12 01 11 (2.90) 1444 40 | 285A
09 26 26 2.80 12 07 23 2.90 A 14 49 55 2.85
09 29 17 2.80 12 10 13 (2.90)A 14 52 44 2.80
09 34 26 ‘ 2.80 12 13 04 (2.90)A 145535 | 280
093716 | 2380 12 18 12 (2.90)A 150049 | 280
09 40 07 2.80 12 21 02 (2.90)A 15 03 39 2.30
09 45 14 2.80 A 12 23 53 (2.90)A 15 06 30 2.80
09 48 04 ‘ 2.80 12 28 56 (2.85)A 15 11 41 2.80
09 50 55 2.80 12 31 46 (2.85)A 15 14 31 2.80
09 56 05 2.80 12 34 36 (2.50)A 1517 22 2.80
09 58 55 2.80 12 40 39 (2.75)A 15 22 32 2.75
10 01 46 2.80 12 42 28 (2.70) 15 25 22 2.75
10 06 52 2.80 124519 | (270)A 15 28 13 2.75
10 09 42 2.80 12 49 49 (2.65)A 15 33 24 2.75
10 12 33 2.80 12 54 01 (2.60)A 15 36 13 2.75
10 17 47 2.80 130133 | (255A 15 39 05 2.75
10 20 37 2.80 13 04 22 (2.50)A 1540 25 | 275A
10 23 25 2.80 13 06 10 (2.40) 154915 | 275A
10 28 42 2.80 13 12 13 (2.30)2 15 52 06 2.75ZA
10 31 32 2.80 13 15 02 (2.25)A | A
10 34 23 2.80 1317 50 (215)A A
10 39 47 2.80 13 22 52 (2.10)a A
10 42 37 2.80 13 25 39 (2.00)A A
10 45 28 2.80 13 28 27 (1.90)A 16 10 58 ‘ 2.70
10 50 49 2.85 13 32 52 (L75)A 16 13 49 270
10 53 39 2.85 A 16 18 55 270H
10 56 29 2.85 A 16 21 45 2.70
10152 | 28 A 16 24 34 2.65 H
11 04 42 2.85 A 16 29 38 2651
11 07 33 2.85 A 16 32 28 2.65
11 12 57 2.85A 13 54 49 (2.05)A 16 35 18 2.60
11 15 48 2.90 13 57 31 (210)A 16 40 26 2,60
11 17 59 2.90 140023 | (2154 16 43 16 2.60
11 23 58 2.90 140553 | (225)A 16 46 07 2.60
11 26 47 2.85 14 08 44 | (2.30)A 16 51 15 2,60 H
11 29 39 2.90 A 1411 35 (2.30)A 16 54 03 255H
11 34 53 2.90 A 14 16 53 (240)A 16 .6 56 2.60
11 37 43 290 A 14 19 46 (2.50)A

Table (2.2). Observed critical frequencies for the E-layer

at Kjeller.



LANDMARK, LIED, ORHAUG, and SKRIBELAND

MET MET MET
hom s fo hms fo homs fo
09 00 18 2.70 11 44 58 (2.75)A A
09 04 52 270 11 49 35 (2.75)A A
09 09 26 2.70 11 54 12 (2.70)A A
09 13 59 2.70 11 58 49 (2.70)A 14 43 31 (2.60)A
09 18 32 2.70 12 03 25 (2.65)A 14 47 06 (2.65)AZ
09 23 04 265 12 08 02 (2.65)A 14 52 41 (2.70)AZ
09 27 37 2.65 12 12 40 (2.65)A 14 57 11 (2.60)AZ
09 32 10 265 A 15 01 45 (2.60)AZ
09 36 43 2,65 12 21 54 (2.60)A 15 06 20 (2.60)AZ
09 41 17 2.65 12 26 33 (2.65)A A
09 45 50 2.65 12 31 09 (2.65)A 15 15 29 265Z
09 50 24 2,65 12 35 44 (2.60)A 15 20 01 2602
09 54 57 265 12 40 17 (2.50)A 15 24 35 2602
09 59 30 265 12 44 51 (2.50)A A
10 04 04 265 12 49 26 (2.50)A 15 33 43 265
10 08 37 265 12 54 00 (245)A 15 38 17 2,60 H
10 13 10 2.65 12 58 33 (2.40)A 15 42 50 2.60
10 17 43 2.65 13 03 05 (2.35)A 15 47 24 2.60
10 22 36 2.65 A BA
10 26 49 265 1312 11 (2.25)A BA
10 31 23 2,65 13 16 43 (2.20)A 16 01 05 255
10 35 56 265 A 16 05 42 2.60
10 40 32 265 A 13 25 44 (2.00)A 16 10 16 255
10 45 08 270 A 13 30 17 (2.00)A 16 14 52 2.55
10 49 44 270 A 13 34 49 (2.00)A A
10 54 17 2.70 13 39 23 (2.00)A 162402 | 250
10 58 52 270 A 13 43 56 (2.00)A A
1103 27 270 A 13 48 34 (2.10)A | A
11 08 03 275 A 13 53 06 (210)A } A
1112 38 275A 13 57 42 (2.20)A | A
1117 13 275A 14 02 16 (2.20)A ‘ A
11 21 50 275 A 14 06 52 (2.25)A 165137 | 250
11 26 27 275A 1411 26 (2.30)A 16 56 12 250
11 31 05 (2.75)A 14 16 02 (2.35)A 17 00 47 250
1135 43 (2.75)A 14 21 27 (245)A 17 05 12 245
11 40 21 (2.75)A 1425 12 (2.50)A

Table (2.3). Observed critical frequencies for the E-layer

at Tromsg.
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MET | MET | MET
h m s ‘ fo h m s ‘ fo h m s jo
09 02 01 ‘ 3.95 114111 ‘ 410 14 19 48 360 H
09 04 52 3.95 11 44 01 4.10 14 22 39 365 H
09 07 42 395 114854 | 410 14 27 35 375H
09 12 07 3.90 11 51 47 410 H 14 30 25 377
09 14 58 395 11 54 39 410H 143316 | 380H
0917 48 3.95 11 57 29 410H 14 38 09 3.85
09 22 12 ‘ 3.95 12 02 25 410H 144100 | 390
09 25 03 395 120517 | 415H 14 43 50 395
092754 | 400 120806 | 415HA 14 48 43 3.98
09 33 26 | 3.95 12 13 00 i 415H 14 51 33 4.00
093617 | 395 12 15 50 415 H 14 54 26 4.00
09 39 07 4.00 12 18 41 4.15 14 59 18 4.00
09 44 08 4.00 H 12 23 37 415 150208 | 4.00
09 46 59 4,00 H 12 26 30 415 15 04 58 4.00
09 49 48 | 4.00 H 12 30 18 4.05 15 09 54 4.02 H
09 55 33 4.05H 123508 | 400 15 12 46 4.05
095824 | 405H 12 37 57 3.95 15 15 38 4.00
10 01 14 4.05 H 12 40 46 3.90 L
10 05 37 4.00 PA 12 45 41 3.85H | LH
10 08 28 [4.00]A 12 48 32 3.80 H | L
10 11 19 4.00 12 51 21 375 H L
10 16 16 4.00 12 56 20 3.70 LH
10 19 06 ! 4.00 12 59 11 3.65 LH
10 21 56 400 H 13 02 01 335 15 41 58 4.00
10 26 53 400 H 13 06 55 345 154450 | 400
10 29 44 400 13 09 44 340 15 47 41 397H
10 32 34 4.00 H 1312 34 3.30 15 52 41 397
10 37 31 4.00 1317 18 317 15 55 31 3.05
10 40 21 4.00 13 20 07 3.03 155823 | 400H
10 43 11 4.00 H 13 24 51 2.85 16 03 21 395 H
10 48 06 400 H 13 27 39 275 HS 16 06 12 4.00
10 50 56 400 H 13 30 34 258 H 60901 | 395
10 53 47 4.00 H 133511 ' 234H 16 14 03 3.2
10 58 43 405 H 13 37 57 217H 16 16 53 3.90
10233 | 40sH 134045 | 204 16 19 45 3.90
110425 | [4.05PA 13 44 29 242 16 24 44 3.88
1109 23 4.05 134724 | 255H 16 27 35 3.85
1112 13 4.05 13 50 21 270 H 16 30 25 3.80
11 15 03 4.05 13 55 20 2,93 16 35 22 i 3.80L
1119 50 4.05 13 58 13 3.00 163813 | 3.82L
11 22 49 4.05 14 01 05 3.05 16 41 02 380 L
11 25 39 4.00 140607 | 318 L
11 30 33 410 14 09 08 330 L
1133 23 4.10 14 11 59 335 LH
11 36 14 4.10 14 16 56 342 | LH

Table (2.4). Observed critical frequencics for the Fy-layer at Tromoya.
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Geof.

MET MET | MET |
hom s fo hom s fo hom s | fo
T 5
A 11 41 04 N 410 14 23 12 3.60
A 114610 | 410 14 28 24 3751
A 1148 21 415 14 31 15 3.80 PH
A 5150 410 14 34 07 385H
A 11 57 00 410 14 39 27 3.90
A 11595 410 14 42 19 400
A 12 02 41 ) 410H 14 45 10 4.00 H
A 12 07 53 4.10 14 50 25 400 H
A 12 10 43 4.10 14 53 15 4.05H
A 1213 35 415H 14 56 06 405 H
A 12 18 43 415 H 15 01 20 4.05
A 1221 33 415 H 15 04 10 4.05
A 12 24 24 415H 15 07 01 405
09 48 35 4.00 222 | 410H 15 12 12 403
A 12 32 16 4.05H 15 15 02 J 4.00
09 56 36 4.05 123507 | 405H 1517 53 4.00
09 59 26 4.05 124012 | 400H 152305 | 400
100217 | 405 12 43 00 390 H 15 25 56 4.00
100723 | 405 124553 | 3.90H 15 28 46 (4.00)LH
101013 | 405 12 50 22 3.80 15 33 57 (4.00)LH
10 13 05 410 12 54 34 3.75H 1536 47 | (4.05)L
10 18 19 410 13 02 06 ‘ 3.55 H 15 39 38 (4.05)L
10 21 08 405 13 04 55 350 H 154657 | (395)L
A 13 07 45 340 H 15 49 48 (4.00)L.
10 29 15 415 131249 | 327m 15 52 39 (#.00)L.
10 32 04 410 13 15 30 323H 15 57 50 [4.00]L
A 13 18 17 ‘ 3.12H 16 00 40 4.05 H
A 122319 | 3030 16 03 31 4.00H
A 13 26 06 293 16 08 41 3.95H
A 13 28 53 282H 161131 | 395H
A 13 33 15 2.5TH 16 14 22 395H
A 13 36 02 245 H 16 19 27 3.90 H
10 57 05 4.05 13 38 50 2.36 1 16 22 17 3.90
11 02 22 4.05 13 44 02 2338 H 162508 385
110512 4.05 13 46 58 253 H 163012 | 385
1108 04 4.10 13 49 51 268 P 16 33 06 3.90
11 13 28 4.10 13 55 14 293P 16 35 53 390 H
11 16 18 410 13 57 56 3.01 16 41 01 3.90
1118 29 . 410 1400 50 310P 164351 | 385L
11 24 28 4.10 14 06 31 (3.30)H 16 46 41 | 3.80L
112718 | 410 1409 21 335 H 16 51 49 380L
11 30 09 4.10 14 12 13 340 H 16 54 38 ! (3.75)L
11 35 23 4.10 14 17 30 353 H J LH
wan | 4w 14 20 21 3.60 H

Table (2 5). Observed critical frequen-ies for the F,-layer at Kjeller.
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MET MET MET

hms fo hms fo homs fo
09 00 50 3852 11 45 30 3.95H 14 30 23 (3.80)2LH
09 05 24 3.90 11 50 06 3.90 HZ 14 34 58 (3.85)LZ
09 09 58 3.90 H 11 54 45 3.05 HZ 14 39 33 (3.90)LZ
09 14 30 380 H 11 59 23 4.00 H 14 44 06 (3.90)LZH
09 19 03 3.80 12 03 59 3.902 14 48 49 (3.90)LH
09 23 38 3.85 H 12 08 36 390 H 14 53 13 (3.90)LZH
09 28 11 390 H 12 13 15 395 H 14 57 46 3902
09 32 44 3.90 H 12 17 53 3.95H 15 02 20 390L
09 37 17 3.90 H 12 22 30 395H 15 06 55 (3.90)L
09 41 51 3.90 H 12 27 08 3.95H 15 11 29 13.90]L
09 46 24 3.90 H 12 31 44 3.95 I 15 16 03 380LZ
09 50 58 3.90 H 12 36 19 3.90 15 20 36 3.85
09 55 31 390 H 12 40 55 3.85H 15 25 10 3.85H
10 00 05 395 H 12 45 27 375 H 15 29 43 3.85 H
10 04 39 395H 12 50 01 365 H 15 34 16 3.80 H
10 09 12 3.95H 12 54 36 360 H 15 38 51 3.85H
10 13 45 3.95H 12 59 10 3.55 15 43 24 3.80 H
10 18 18 3.95H 13 03 42 350 H 15 47 58 (3.80)L.Z
10 22 52 4.00 H 13 08 16 340H 15 52 33 (3.85)L.
10 27 24 3.95H 13 12 49 335H 15 57 07 3.80
10 31 57 3.90 H 1317 21 320 H 16 01 41 3.80
10 36 30 3.90 HZ 13 21 44 315 H 16 06 15 3.75
10 41 06 3907 13 26 15 3.10 16 10 51 3.75
10 45 40 3902 13 30 47 3.05 16 15 27 3.70
10 50 16 3902 13 35 19 3.03 16 20 03 (3.80)L.
10 54 50 3.95 13 39 51 3.00 L
10 59 25 3951 13 44 26 3.05 L
11 04 00 3.95HZ 13 49 02 3.10 L
11 08 35 3.95 H 13 53 46 3.20H L
1113 10 3.95 HZ 13 58 22 3.35 L
11 17 46 4.00 H 14 02 57 3.40 16 47 37 (3.70).
11 22 23 4.00 H 14 07 32 3502 16 52 13 (3.70)
11 27 00 4.00 H 14 12 06 3552 L
11 31 37 3957 14 16 41 3.65 H L
11 36 14 3907 14 21 14 370 H 17 05 59 (3.75)
11 40 53 395 14 25 48 375 HL

Table (2.6). Observed critical frequencies for the F,-layer at Tromso.
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MET MET MET
h m s fo homs fo homs | fo
i
09 02 13 4.90 1427 5.25 1419 52 3.87
09 05 06 4.95 11 44 15 5.20 14 22 42 3.93
09 07 56 | 4.95 11 49 07 5.10 14 27 39 4.05
09 12 21 4.95 11 52 01 510 14 30 29 410
09 15 12 500 11 54 52 5.10 14 33 21 4.15
09 18 02 5.00 11 57 43 5.10 14 38 14 4.25
09 22 25 4.90 12 02 36 4.95 14 41 05 4.32
09 25 17 5.00 12 05 27 4.95 14 43 55 4.32
09 28 07 5.00 12 08 15 4.90 14 48 48 440
09 33 38 4.90 12 13 09 4.80 14 51 39 450
09 36 30 4.95 12 15 58 475 14 54 32 4.50
00 39 19 4.95 12 18 47 465 14 59 24 450
09 44 19 4.90 12 23 43 4.60 15 02 14 450
00 47 10 12 26 35 455 15 05 04 4.50
09 49 59 12 30 24 4.50 15 10 00 447
09 55 44 12 35 12 435 15 12 50 442
09 58 35 12 38 02 4.30 15 15 43 440
10 01 25 12 40 51 425F 15 20 40 440
10 05 48 12 45 46 4.23 15 23 32 4.40
10 08 39 12 48 38 4.20 15 26 21 4.30
10 11 30 125127 | 415 15 31 19 425
10 16 27 125625 | 410 15 34 08 | 4.20
10 19 18 125016 | 4.08 15365 | 415
10 22 08 13 02 07 4.00 15 42 02 430
10 27 07 13 07 02 3.95 1544 54 | 432
10 29 58 13 09 51 3.93 15 47 46 4.33
10 32 48 13 12 42 3.90 15 52 45 435
10 37 45 1317 36 3.80 155537 | 434
10 40 36 13 20 27 375 15 58 27 433
104326 13 25 17 3.70 16 03 26 4.30
104821 | 13 28 07 3.65 160616 | 4.30
105111 | 13 30 55 3.55 160906 | 433
10 54 04 13 35 48 3.45 16 14 10 440
10 58 59 13 38 38 335 16 17 00 4.40
11 02 49 13 41 29 330 16 19 51 440
1104 42 13 45 00 3.20 16 24 51 440
11 09 40 134752 | 325 16 27 41 4.35
1112 31 135045 | 330 16 30 33 4.40
1115 21 13 55 38 330 16 35 30 4.33
11 20 18 13 58 29 3.30 163820 427
11 23 09 14 01 21 3.40 16 41 10 435 H
11 25 59 14 06 20 3.50 16 46 07 4.40
11 30 52 14 09 12 3.60 16 48 57 435
1133 42 14 12 04 3.70 16 51 48 435
11 36 32 14 17 01 3.80 16 56 47 4.32

Table (2.7). Observed critical frequencies for the Fy-layer at Tromaya.
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MET | MET | MET
hom s ) fo homos | fo hom s jo
i
0o0z32 | 49 11 41 19 [ 5.25 14 23 17 ] 4.00P
09 05 21 4.80 A 11 46 24 5.15 14 28 28 [4.05)B
09 08 13 ‘ 4.85 A 11 48 34 5.5 143119 | 410
09 13 24 4.95 A 11 52 04 [ 5.10 14 34 11 ‘ 4.20
A 11 57 13 5.10 14 39 33 4.28
l A 12 00 04 | 5.15 14 42 23 | 4.30
09 24 19 4.95 12 02 54 ‘ 510 14 45 14 ' 4.30
09 27 08 1 4.90 12 08 06 5.05 1450 31 | 445
A 121055 | 5.00 145321 | 450
09 35 06 4.80 12 13 44 ‘ 490 145612 | 450
09375 | 495 12 18 57 4.80 1501 27 | 455
09 40 50 ‘ 4.95 1221041 | 475 15 04 17 4.55
09 45 57 4.95 12 24 31 470 15 07 07 | 4.45
094846 | 490 12 29 34 4.58 151218 | 445
09 51 37 4.90 12 32 23 4.55 15 15 07 4.40
09 56 47 ’ 4.85 123513 | 450 1517 58 4.40
09 59 36 4.80 12 40 17 ‘ 4.40 152309 | 435
10 02 27 [ 4.80 124306 | 435 152550 | 430
10 07 33 4.75 12 45 57 4.30 15 28 50 4.35
10 10 23 4.75 12 50 28 4.25 15 34 01 l 4.30
10 13 14 [ 4.75 12 54 40 415 15 36 51 | 4.30
10 18 28 ‘ 4.80 13 02 13 4.10 15 39 41 4.25
102018 | 475 13 05 03 4.08 15 47 01 ’ 4.25
10 24 07 4.85 13 07 53 4.05 15 49 51 4.25
10 20 24 ‘ 4.90 13 12 57 3.92 155242 | 425
10 32 15 ‘ 4.95 13 15 47 ’ 3.85, 15 57 52 ‘ 4.20
10 35 07 5.00 13 18 34 3.75 16 00 43 4.25 P
10 40 32 ‘ 5.10 13 23 38 3.60 160335 | 430
10 43 22 5.10 13 26 27 355 16 08 46 4.30
104614 | 515 13 29 32 3.52 16 11 36 1 4.30
10 51 33 5.10 1333 43 343 16 14 27 4.35
10 54 23 1 5.10 13 36 35 340 161932 | 425
105715 | 515 133926 | 338 16 22 23 ‘ 4.35
110237 | 520 13 44 36 ] 3.30 162515 | 440
110527 | 520 13 47 26 (3.35)JP 16 30 19 4.40
11 08 20 5.30 135017 | 328 16 33 10 [ 445
11 13 44 5.30 13 55 33 3.30 16 35 59 4.35
11 16 34 ‘ 5.30 13 58 13 ‘ 3.30 164105 | 420
11 18 44 5.25 14 01 05 | 3.40 16 43 56 ‘ 4.25
12444 | 530 140633 [ 350 16 46 46 4.20
11 27 34 ! 5.30 14 09 24 ’ 3.55 165156 | 430
11 30 25 5.30 141217 | B70JB 16 54 46 ‘ 4.30
11 35 39 5.30 14 17 33 3.80 16 57 37 4.30
11 38 29 } 5.30 142024 | 390 |

Table (2.8). Observed critical frequencies for the Fy-layer at Kjeller.



LANDMARK, LIED,

ORHAUG, and SKRIBELAND

Geof, Publ.

MET MET ) MET
hms | fo homs | fo homs fo
, f

09 01 00 “ 460 Z 114538 | 455 14 30 24 3922
09 05 33 4.55 15016 | 4657 14 34 50 3952
09 10 08 4.60 11 54 54 4.65Z 14 39 34 ’ 4002
09 1440 | 455 115932 | 470 144408 | 4.05
091912 430 12 04 11 ’ 4752 14 48 43 4.10
092347 | 455 12 08 48 480 1453 16 4102
09 28 20 4.55 1213 24 4.65 14 57 50 ‘ 415
09 32 52 4.50 1218 03 4.70 15 02 24 4.20
03725 | 450 12 22 41 4.75 150659 | 420
094150 | (50)FV 12 27 19 4.75 15 11 33 415
094632 | (450)FV 12 31 53 4,65 15 16 07 ‘ 4152
09 51 07 4.55 12 36 29 4.60 15 20 40 415
09 55 41 \ 4.60 12 41 04 4.55 152514 | 415
10 00 14 4.60 12 45 37 445 15 29 47 4.20
10 04 46 4.50 12 50 10 4.35 15 34 21 \ 4.20
100919, | 450 12 54 45 4.30 15 38 56 4.25
101354 | 460 12 59 18 4.20 15 43 29 4.20
10 18 27 460 F 13 03 50 4.10 15 48 02 410
102258 | 450F 13 08 25 4.10 15 52 34 3.95
10 27 31 4507 13 12 58 4.00 15 57 10 (4.00)F
10 32 07 ‘ 4.60 13 17 30 3.90 16 01 46 415
103638 | 4507 13 22 03 3.85 16 06 21 4.20
104112 | 4507 13 26 34 375 16 10 59 430
10 45 50 4,60 Z 13 31 07 3.70 16 15 34 © 4.25
10 50 26 4.65 7 13 35 38 363 16 20 09 4.25
10 54 59 4.60 13 40 12 3.60 16 24 44 4.15
10 50 34 4.60 13 44 45 i 3.60 16 20 19 4.10
11 04 09 460 13 49 20 3.65 16 33 53 4.05
11 08 42 ‘ 445 13 53 53 3.68 16 38 29 4057
11317 4457 13 58 26 3.64 16 43 06 4.10
1117 51 440 14 03 01 ‘ 3702 16 47 42 4.10
11 22 28 440 1407 35 375 16 52 19 4.15
11 27 05 ' 440 1412 10 3.90 16 56 54 4.15
11 31 44 445 14 16 44 3.88 17 01 29 415
11 36 22 4.50 1421 15 (3.82)JF 17 06 04 4.10
11 41 01 | 455 14 25 50 3.87 |

Table (2.9). Observed critical frequencies for the Fy-layer at Tromso.



