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SUMMARY

The drift of the diffraction pattern on the ground
due to E-layer reflections has been recorded at Kjeller
(p = 59° 58" N. 4 = 10° 06’ E) on 2 Mc/s during the
period June 1953 to Sept. 1955.

Three receving points were put up and the amplitudes
of the E-echoes were recorded (Mitra-method). The time-
shifts between the maxima in the fading curves were
recorded automatically by means of a Phillips recorder
or, optically by a three-beam oscillograph.

The diurnal values of the E—W and N—S compo-
nents of the drift 1n m/s have been given for each month
through curves. For the seasons winter, spring, summer
and autumn the mean values are given in tables.

The seasonal and annual curves have been analyzed
and the mean values compared with the results from
similar at C: i i and Ottawa.

There is a constant term indicating a prevailing drift
towards SW in the winter and towards NE in the sum-
mer. There is a solar 12-hours term appearing during
all seasons of the year. The mean annual values of
phase and amphtude of this term at Kjeller are very
smilar to the corresponding term at Cambridge

The summer values have been analysed for a lunar
term, and a small but doubtful component has appeared.

A 100—160 km height gate was used to isolate the
E-echoes. During daytime there seems to be no systematic
change in the wind direction on days with Es or normal
E. At sunset when the electron density of the normal
E-layer is too low for reflecting the test frequency 2

Mc/s, there is a sudden change in the direction of the
E-W component. The Es-layer recorded after sunset and
during the night has a strong Western component.

On account of the gate width it is not possible to
decide whether this 1s a height effect. Another explanation
is that the diffraction pattern during night time is not
isotropic, but has a preferred orientation in N-S direc-
tion. This will simulate a strong increase in the E—W
component of the drift.

The probability distribution of the timeshifts has
been studied 1 the simple cases of drift along one of
the main bases or along a diagonal. It is pointed out
that the probability distribution along the N—S direc-
tion 1s systematically narrower than along the E—W
direction. Examples of very narrow probability distri-
butions in N—S direction at night are given The
conclusion reached is that there seems to he a preferred
orientation in N—S direction of the lines of maxima
during day time, which durmg night time may be
predominant.

The drift was measured during the solar echipse on
June 30th 1954 at Kjeller, where the degree of the eclipse
was 99 9. The eclipse had a pronounced effect on the
drift direction, due to the complex nature of the E-layer
on this day, the E-layer consisting of E + Es. During
the eclipse the critical frequency of the E-layer decreased
beyond 2 Mc/s and reflection was obtained only from Es,
There was a reversal of the drift direction during this
period.

1.0 INTRODUCTION

There are a number of phenomena appearing
in the upper atmosphere which indicate the
existence of winds in the heights of 80—120 km.
Observations of the luminous nightclouds, lumi-

nous trails of meteors lying in the sunlit atmo-
sphere, and the drift of certain auroral forms,
indicate a horizontal movement of the air masses
with speeds up to about 100 m/s. However, all
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Fig. 1. Method for measuring the drift of the diffraction pattern on

of these classes of observations can only be made
occasionally, and they do not allow a systematic
study of the wind-systems during the day and
the year. In this respect the radio methods, which
are based on the study of the drift of the dif-
{raction pattern on the ground, represent a new
and most valuable approch to the question of
movements, as this method permits continous
observations to be made over a longer period.

The older methods have, however, certain merits
and have demonstrated a number of facts which
have to be considered when the results from the
radio methods are being discussed. The parallactic
photos of night-clouds by Stérmer[1] showed that
these were lying at a height of 81 km, and had a
mean speed of drift of 44—55 m/s towards SSW
(photographed) in the evening over Southern
Norway in July 1932. In addition to the main
drift of the clouds the photos showed a number
of finer details which demonstrated the existence
of «waves» in the cloud of a magnetude of 7 to
9 km. Further, the succesive photos demonstrated
a continous change and deformation of the clouds
indicating the presence of large scale turbulence
and eddies in this level of height.

The succesive photos ot the meteor trains indi-
cate a rapid change, and even reversals, in the
wind direction with height. This effect has been
studied quantitatively by Liller and Whipple[2]
from photos of meteorite trains obtained using
the super-Schmidt camera of the Harvard Obser-
vatory. From an analysis of five trams they
conclude that the wind directions may show no
correlation when the height intervals are 5 km
or greater. In some cases they even find an indi-
cation of a reversal with height. The height of the
trains measured were in the interval 81—113 km.,

the ground.

When attempting to interprete the drift of the
diffraction pattern on the ground as an indication
of an horizontal drift of the ionosphere at a certain
level, we have therefore to consider the effects
already stated from other fields of research, a.
the existence of large scale eddies and waves,
and b. the rapid change in wind directions with
height.

The method for measuring the drift of the
ionozed layers first introduced by Mitra[3] was
used, see fig. 1.

When using a pulsed transmitter on 2 Mc/s the
normal E-layer will during the day reflect the
wave as an E-echo. Due to inhomogenities in
the E-layer, the transmitted plane wave will, when
reflected, be broken up into an angular spectrum
of components. On the ground the field-strength
of the angular components will add together and
we obtain a field-strength-landscape of varying
topography depending on the amplitudes and
phases of the angular components. The drift of
this diffraction pattern on the ground can be
studied by recording the amplitudes of the fading
E-echoes at three points. The velocity of drift
of the pattern will be #wice the drift of the iono-
sphere.

We have here made the following assumptions:

. the shape of the diffraction pattern is con-
stant in form and isotropic during the time
of measurement, and

. the three receiving points are lying within the
same «topography» of the field-strength lands-
cape.

Usually these two assumptions are only partly

fulfilled and in some cases even far from being
fulfilled.
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2.0 INSTRUMENTAL EQUIMENTS

Three antennae were placed in a triangle with
directions N—S and E—W. The antenna placed
at the night angle was used as reference antenna, and
the relative displacements in time of the maxima of
the fadings recorded from the two other antennae
were measured. The antennae were sited on flat
ground west of the main laboratory building of
the institute. The site was not ideal due to the
vicinity of various buildings and we had to change
the position of the antenna-net several times
because of the erection of new buildings. During
July—Oct. 1955 we had the opportunity of erec-
ting the antennae on the open ground of the Kjeller
airfield, which offered an ideal site for these
recordings.

In table 1 the length of the base lines during
different periods are given.

The first antennae-net consisted of three receiving
points. The fourth net, erected on the Kjeller
airfield, had five receiving points and we could
use alternatively 130 and 260 m bases.

Only open antennas were used. Open L-anten-
nas were used at the outer receiving points in the
two first nets, the central antenna being a delta-
antenna which also was used for pulse transmis-
sion. An R—T switch was used in order to operate
the transmitter and the receiver on the same
antenna.

In the two last nets frame antennae were used
at all three receiving points. Frames 15 X 3 m?
with their planes vertical and in N-S directions
were erected at an height of 5 m above the ground
and tuned to 2 Mc/s. Each receiving point was
connected by a 300 ohm feeder to one of three
separate receivers in the recording hut. The frames

seemed to give a better signal/noise ratio than the
open L-antennas.

The transmitter used was a copy of a pulse-
transmitter developed by Lied[4] for absorption
studies at Kjeller, and consisted of a pulsed oscil-
lator and a broadband power amplifier. The peak-
power of the pulses was about 8 kW and the
usual pulse-length was 150u sec. The transmitter
was coupled to the antenna through a 600 ohm
feeder, the antenna being of the d:lta-type com-
monly used in broad-band ionospheric work,

The receivers, were of a conventional echo study
type and consisted of two stages HF amplifi-
cation mixer and two stages IF at 450 kc/s. The
band-width was 30 kc/s. Following the IF stages
an infinite impedance detector is used and the
signal is fed through a cathode follower into the
LF-panels for further analysis. A pulse of suitable
width and phase from a spacial pulsegenerator is
applied to the gated amplifier in order to isolate
the E-echoes. The echoes are further amplified
and displayed as a continous curve through a
peak-voltmeter of suitable time-constant.

Special attention had to be paid to the volume
control of the receivers. During a period of recor-
ding which could last for more than half an hour,
the mean field strength of the E-echoes could vary
considerably. For analysis of the fading record it
is howewer necessary, that the mean amplitudes
of the fading E-echoes in the output are of the
same magnitude during the time of registration
and an AVC-system had therefore to be used.
The time constant of the AVC voltage was about
2 minutes and was applied to the suppressor-
grids of the two HF-and the two IF-valves.

Table 1.
E—W N—s Period
Site at the 76 m | 137 m Jun. 1953—Aug. 1953
Institute ........ 78 - 79 - Aug. 1953—Sep. 1954
143 - | 146 - Oct. 1954—Jul 1955.
Kjeller Avfield .. [ 130 and 260m | 130 and 260 m | Jul. 1955—Oct. 1955
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3.0 THE METHODS OF RECORDING THE AMPLITUDES
OF THE FADING E-ECHOES

a) Optical Method.

The echo patterns from the three receivers
could be displayed simultaneously on the screen
of a three-beam oscillograph, and by connecting
a gating circuit to the intensity modulation of
the CRT, only echoes from the E-region in the
height interval of about 100—160 km were shown
on the screen. The three displays were placed side
by side on the screen with their echo amplitudes
shown horizontally, and the amplitude variations
were recorded on a slowly moving photographic
paper. During the first year all registrations were
made using this technique, and usually one three-
minute record was taken each half an hour.

This method of recording each fading curve
separately, gives the most complete information
about the character of the fading curve and the

properties of the diffraction pattern. In fig. 2 is
shown four record strips which demonstrate dif-
ferent properties of the diffraction pattern.

a shows smooth, regular and coherent fading
at all three points, a pattern of constant form is
drifting. On b the fadings are still regular, but
there is some lack of coherence between the
fadings at the three receiving points. On ¢ we
have almost constant field-strength at all three
points, an Es-layer of almost mirror-like character
is present. d is a record taken during a geomag-
netic storm, with very rapid fading down to a
period of 1 c/s. Two effects are present here.
There is a great increase in drift velocity, (corre-
sponding to small relative displacements of the
maxima) and only slight coherence between the
fadings, indicating that the «scale» of the diffrac-
tion pattern has decreased.

o =
R

Fig. 2. a, b, ¢ and d. Different types of fading curves.
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The great variability in the winds indicated
however, that this short time interval for recor-
ding must be considered as sufficient for giving
representative values. The great consumption of
paper and the labour involved in reducing the
records made an extension of the recording time
unsuitable. A fading recorder according to the
principle of Phillips was therefore built.

b) Electrical Method.

The purpose of this method was to avoid the
simultaneous recording of three separate and
complete fading curves. For determination of the
wind we are principally interested in measuring
the mean relative displacement in time between
the fading-maxima of the three curves. This
process can be done electronically by means of the
Phillips recorder. The instrument is described in
the Thesis of G. J. Phillips (Cambridge 1951) and
Dr. Phillips has most kindly circulated a short
description of this recorder and thus made it
possible in short time to build a recorder similar
to the type which has been in use in Cambridge.
Phillips has given the following short description
of the purpose of the recorder. «The circuit is
designed to accept two D. C. potentials varying
in proportion to the amplitude of an ionospheric
echo at the two receiving points on the ground.
Every time both inputs drop to a minimum and
increase agam, a change is produced which is
proportional to the time between the occurrance
of the two corresponding minima in each channel,
and which is fed to the output terminals with a
polarity depending in which channel has its mini-
mum ahead of the other. These charges are fed
to a centrezero pen recorder so that a «pike» is
produced corresponding to each charge, this forms
a continous record of the amplitude and sense of
the time-delay between the two wave-forms as
estimated from the time of occurance of the
minimas. The type of record produced is shown
in fig. 3.

In order to calibrate the records a special LF-
oscillator had to be built. It consisted of a gene-
rator which could give two voltages of the same
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Fig. 3 Strips of wind-records taken according to the

Phillips system. The upper strip shows a record with

considerable variations 1n the mean fading amphtude,

the lower strip shows a record with small variations in
the mean fading amplitude.

amplitudes, but with varying phases relative to
each other. These two voltages thus simulated two
fadings with varying displacements of amplitudes
relative to each other. The two voltages were
applied to be Phillips recorder and the «spikes
were recorded for time-shifts of 0,5, 1,0, 1,5, 2,0,
2,5 and 3,0 sec of the waves relative to each
other. A frequency corresponding to a period of
a fading of T = 8 sec was used.






