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Summary. Results from a study of the fading pattern of the Es echo in the auroral zone
are presented. The irregularities in the fading pattern are clearly elongated in an east/west
direction, and the mean meridional extent of the irregularities is 250 m. The irregularities
drift towards the east or the south-west, and velocities as high as 1450 m sec—! have been
observed. : -

The observations are discussed in a semiquantitative way in the light of existing theories of
auroral ionization. ' '

1. Introduction. The ionization in the sporadic E layer is known to occur in -
“patches” with smaller “clouds” of ionization embedded. In the present paper the
- former will be referred to as the “large scale” structure, while the latter will be called
the “small scale” structure. Studies of the “large scale” structure, based upon the time
variations of the maximum plasma frequency of the layer for multi-station observations, -
indicate that the mean horizontal extent of the “patches” at the middle latitudes is
of the order of 200 km (Gerson [1] and Rawsr [2]), or more (Oksman and BowsiLL E
[3]). In the auroral zone the corresponding distance seems to be much larger, at least:
during geomagnetically quiet periods (MauLum [4]). ' :
The drift speed of the “large scale” irregularities in the sporadic E layer vary
from 30 to 130 m sec! at middle latitudes (GErson [1]), while the drift speed in the
auroral zone is somewhat higher (Hace and Hansson [51).
‘Studies of the “small scale” irregularities in the sporadic E region have been per- .
formed by Briees [6] in England and by WricET [7] near the equator (Ibadan).
In the present paper results will be given from a study of the “small scale” irregularities
‘in the night-time Es region of the auroral ionosphere. The study is based on obser-
- vations made at Tromse during 1958 and 1959.
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The method used is briefly described in Section 2, and results from the study are
given in Sections 3, 4 and 5. The possible physical processes involved in the formation
and drift of the small scale irregularities are discussed in Section 6.

2. Method of observation. The mean structure and movement of the amplitude
pattern over the ground may be obtained by a method introduced by the Radio Section
at the Cavendish Laboratory in Cambridge. England [8—11]. The calculation is
based upon the time variation of the echo amplitude at three closely spaced receivers.

In order to deduce the structure and drift of the amplitude pattern of the sporadic
E echo from the tlme_varlation of the echo amplitude at the three points, the following
assumptions have been made [10—11]: _ .

1) The curves of constant spat1a1 autocorrelation are conformal, concentrlca.l

ellipses.

2) The amplitude pattern changes very slowly as it moves.

3) The temporal autoeorrelation function is conformal to the spatial, one-dimen-

sional autocorrelation function, . '

~ With these assumptions the spatial and temporal autocorrelation functions of

the echo amplitude may be deduced, and from these the mean structure and drift

- of the amplitude pattern of the echo may be obtained. A detailed descr1pt1on of the
method of analysis is given in an Appendix.

A pulsed transmitter with a repetition frequency of 50 cps and a pulse duration of
150 psec was used during the observations, and the transmitted peak power was
approximately 7 kW. The signals were received at the three antennas arranged in a
right-angled triangle (Vide Fig. (Al)), and the separation between the center (B)
and thé west (C) or the south (A) antenna was 130 meters. The signals were fed
through three receivers to a three-beam cathode ray oscilloscope.

It was found that the reflected wave often consisted of more than one component,
and that the different components showed different fading. By using a gate technique,
however, it was normally possible to separate one of the components only. The echoes
were recorded on photographic paper at a speed of 1 cm sec~1, The records were time
marked each 8 sec. A detailed description of the eqmpment used has been glven by
Harane and PepeErsen [12]. ' '

Frequencies between 2.0 and 2.65 -Mc sec™! were used in’the observations. A
typical fading record is given in Fig. 1. This illustration shows that the correlation is
much higher in the eastfwest direction than in the north/south dlrectlon This point
will be more fully treated in the following sections. '

Due to the high noise level and interference caused by radio stations, more than
60 9, of the records was not suitable for further analysis. Furthermore, records obtained
during conditions when the echo was very spread and showed rapid fading could not
be used. In order to obtain a significant autocorrelation function, only periods when the
fading rate was less than 2 cps were selected. Thus only a small percentage of the records
could be analysed in detail. : -
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Fig, 1. Typical record showing the fading of the Es echo at three closely spaced receivers.

3. Structure of the amplitude pattern of the Sporadic E echo. The sporadic
E echo as observed in Tromss is often spread during the early evening hours, and

the fading rate is of the order of 1.5 cps. Towards midnight the echo normally

becomes less spread and the fading rate decreases. The low fading rate, sometimes

less than 0.2 cps, is associated with a blanketing Es layer, which gives several multiple
reflections, or the retardation type of Es. There is a clear positive correlation between:
the equivalent height of reflection and the fading rate, as shown in Table (1) for a

typical night.

Approximately 40 samples, varying in length from 25 to 60 seconds, were selected

for further analysis, and the amplitude was read at each 1/10 of a second.

Table 1. Time variation of the fading rate (cps) and the equivalent height of reflection (km) 17—18 Fuly 1958.

Time Height of reflection Fading rate
2100 - 150 0,65
2115 150 0,49
2130 190 - 2,10 -
2215 200 2,13
2230 - 100 ' 0,11
2300 : 105 0,16
2315 115 0,41
2330 95 0,14
0130 100 0,18

The mean structure and drift of the amplitude pattern were deduced by the
“Cambridge method” (given in the Appendix). According to this method the curves of
constant spatial autocorrelation are assumed to be concentrical, conformal ellipses. The
“correlation ellipses” are thus a measure of the mean size and shape of the irregularities
in the amplitude pattern: Correlation ellipses deduced for 10 sample records are shown
in Fig. (2). (arb1trary scalc) Thc drift vclocities deduced for the same -sa.'mples are
indicated by arrows.. : S : - : :

- No -seasonal variation: in thc axis ratlo nor - the or1entat10n could bc traced Rea
sults from: the study are given in Fig: (3); in which the orientdtion of the major axis
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Fig. 2. Examples of the correlation ellipses and drift velocities of the Es amplitude pattern.

of the correlation ellipses is plotted versus the axis ratio. The axis ratios vary from 1.2
to 7.8, and the mean value is approximately 3.0.

It is obvious from Fig. (3) that the great majority of the Es echo amplitude patterns .
consists of irregularities which are slightly elongated in an east/west direction. The
observed distribution of the orientations of the major axis is given in Fig. (4). We ,
realize that 60 %, of the correlation ellipses is orientated with their major axis in direc-
tions which are less than 10° off the east/west direction.

The “small scale” structure of the amplitude pattern of the sporadic E echo shows
a peculiar variation with latitude. Near the equator the irregularities in the pattern
are highly stretched in the north/south direction (WricHT [7]), whereas observations
at middle latitudes (55° geom lat) indicate an isometric Es amplitude pattern (Brices
[6]). As the sporadic E layer at middle and low latitudes most certainly is not of the
same origin as the sporadic E layer in the auroral zone, these results are not relevant
to the observations obtained at Tromss. The structure of the night-time Es layer has,
however, been studied by Harane and Pepersen [12] at Kjeller (60° geom lat). From
a statistical study of the time shifts between “similar fades”, as observed at three closely
spaced receivers, these authors argue that the 1rregular1tles in the amplitude pattern
of the Es echo at Kjeller are elongated in a north/south direction. In the present paper
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Fig. 3. The axis ratio of the “corrclationléllipscs” of the amplitude pattern of the Es echo pl_ét_ted versus
the orientation of the major axis. '
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Fig, 4, Distribution of the orientation of the major axis in the “correlation ellipses”.
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Fig. 5. Distribution of the correlation distance.

we have no explanation to offer for the apparent discrepancy between the small scale
structure of the night-time Es amplitude pattern observed at Kjeller and that observed
at Tromse. The geometry of the earth’s magnetic field may possibly be of some im-
portance. This has, however, not been investigated in details.

Let the “correlation distance” be defined as the minor semiaxis in the ellipse of
constant spatial correlation equal to 0.5. This “correlation distance” may, together
with the axis ratio of the ellipse, serve as a measure of the mean horizontal extent of
the irregularities in the amplitude pattern. The “correlation distance” varies from 60
to 270 m, and the mean value is approximately 130 m (Vide Fig. (5)).

No significant variation of the correlation distance with magnetic activity could
be traced. This result is somewhat unexpected, as the ionosonde records clearly show
that the Es types observed at Tromsg change from geomagnetically quiet to disturbed
conditions. During quiet conditions the retardation type of Es is most frequently
observed, whereas the non-retardation types predommate during disturbed conditions
(M}EHLUM [4]).

4. Movement of the amplitude pattern of the Es-echo. The #frue drift of the
amplitude pattern of the sporadic E echo, as defined in the Appendix, has been deduced
for 40 sample records. The observed distribution of the drift speeds is-given in Fig. (6).
Approximately 659, of the velocities is less than 400 m sec™?, about 5%, of the observ-
ations exceeds 1200 m sec!, and the median is 280 m sec—2,

The drift of the amplitude pattern is usually assumed to be twice the velocity
of the ionospheric drift. The mean drift speed of the irregularities in the ionospheric
Es-layer in the auroral zone is therefore of the order 150 m sec—. This value is somewhat
higher than the sporadic E layer drift speeds observed at middle latitude stations
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8 BERNT MHLW Vol. XXIII.

North

Fig. 8. Distribution of the observed drift directions of the Es amplitude pattern at Tromse (polar plot).
The visual auroral zone is indicated by the broken line.

[13, 14 and 15], being approximately 70 m sec~*. The latitudinal variation of the drift
speed in the sporadic E layer is shown in Fig. (7). The drift velocities observed at
Tromsg are consistant with drift observations at Canadian stations (Meek [16]).
It is, however, emphasized that the results given in Fig. (7) have been obtained by
different methods of observation at the different stations. Furthermore, the observations
refer to different hours of the day. : '

The drift of the amplitude pattern at Tromss is mainly towards the east and
south-west. The distribution of the observed drift directions is given in Fig. (8). If
we neglect a minor southerly component, the drift of the amplitude pattern of the
sporadic E echo is almost parallel to the auroral zone. Fig. (8) shows that more than
80 9%, of the observed drift velocities has a southerly component. The mean drift is
towards the west before local midnight and towards the east after midnight (Vide
Fig. (2)). '

The movement of irregularities in the auroral ionosphere has been studied by a
large number of workers using very high frequencies. Observations of this kind indicate




No. 2, 1962 $MALL SCALE STRUGTURE AND DRIFT IN THE SPORADIC E LAYER . 0

that field-aligned irregularities are present in the ionosphere (LEADABRAND et al [17]).
These irregularities drift towards west before midnight and towards east after midnight
(BurroucH and Karser [18]), in fair agreement with our results. The mean drift speed
deduced by these authors is, however, as high as 1000—2000 m sec™.

5. Sporadic E drift and magnetic activity. The geomagnetic storms in the

auroral zone are usually ascribed to enhanced current density in the quasi-zonal current
systems between 100 and 150 km (Fuxusmma [19]). This enhancement is probably
caused by two effects: (i) an increased electron density at these heights and Jor (ii)
an increased, external electric field. The well-known positive correlation between the
magnetic activity and the critical frequency of the sporadlc E layer (Smutu [20])
 indicates that the electron density in the region in question is increased during magnetic
storms. However, no method seems to be available at present by which the variations
in the electric field at these altitudes may be measured directly.

The relation between the drifts in the sporadic E layer above Tromss and the
geomagnetic activity has been studied. The horizontal component (4H) of the magnetic
~ storm vector (Krogness et al [21]) observed at Tromss is used as a parameter for the
geomagnetic activity. This parameter is a function of the flux of charged particles
across the meridian plane through the station. For westerly currents AH is negative,
for easterly currents AH is positive.

Results from the study are given in Fig. (9), in which the zonal component of the
drift velocity (V) in the sporadic ¥ layer is plotted versus the observed value of AH.
The sporadic E layer drift is mainly towards the east during negative storms, and to-
wards the west during positive storms. Furthermore, the easterly drift increases with
increasing value of AH. A certain phase difference between AH and ¥, may be inferred
from Fig. (9). Thus V, has a westerly component of the order of 100—200 m sec—*
during hours when 4H vanishes. It is important to note that the speed of rotation of the
earth at 70° N is approx1mately 160 m sec~L. Fig. (9) therefore seems to indicate that
- the mean velocity of the irregularities in the auroral Es region is practlcally zero (referred
to a non-rotating earth) during hours when AH vanishes.

The correspondance between the moving irregularities in the auroral zone and,

the geomagnetic storm current systems has been studied by a large number of workers.
(A summary of results has recently been given by Nicmors [22]). Heppner [23] has
pointed out that negative magnetic storms are associated with eastward drifts of
visual auroras. The drift of the irregularities in the auroral ionosphere associated with
the “auroral backscatter” on very high frequencies is also towards the east during
hours when the horizontal component of the magnetic storm vector is negative, shifting
to.a westerly when 4H becomes positive (Burroucs et al. [24]). There seems therefore
to be good consistency between the phase of the storm currerit and the drift direction
of the sporadic E layer, of the visual aurora and of the 1rregu1ar1tles which give rise to
the scatter cchoes on very high frequencies, '
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" Fig. 9. Zonal component of the drift velocity in the Es layer plotted versus
the horizontal component of the geomagnetic storm vector.

6. Discussion of the observational results. The observations of the sporadic
E layer in the auroral ionosphere reported in the present paper introduce a num-
ber of theoretical problems. At present these problems may only be the subject
of speculations; partly because the number of observations available is very limited,
partly because the physical processes involved, such as the sources of ionization and
the dynamics of the irregularities, are not well known. - :

It may, however, be of importance to discuss some of the observations in a semi-
quantitative way. In this section the following two problems will be treated:

1) The observed anisometry in the Es amplitude pattern .

2) The drift of the amplitude pattern, and its relation to the geomagnetic storm
current systems. o -

6.1.. Structure of the sporadic E region. In the previous sections only the
statististical properties of the amplitude pattern of the sporadic E echo have been dis-
cussed. In the following discussion it is assumed that the horizontal projection of the
irregularities in the sporadic F layer is conformal to the amplitude pattern of the echo.
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As the geomagnetic lines of force are nearly perpendicular to the earth’s surface at
Tromss, the horizontal projection of the irregularities is approximately equal to the
projection on to a plane normal to the field lines. It has been shown by LEaDABRAND
et al. [17] that field-aligned irregularities in the ionization exist within the auroral
ionosphere. The present study indicates that the irregularities are field-aligned “sheets”
of ionization rather than columns with circular cross-sections. Possible theories for
the formation of such irregularities will be discussed in the two subsequent sections.

The electron density distribution in the ionosphere is controlled by three processes:
(i) production of free electrons by incoming energy, mainly of solar origin, (i) dis-
appearance of free electrons by attachment and recombination, and (iii} redistribution
of existing iounization by convection, ‘accumulation and diffusion. The time variations
of the electron density =z is therefore given by the following equation: '

on
at

where g is the rate of production due to external sources. ¢ and f are the recombination

— —at—pu—V.(Vn) +q (6.1)

and attachment coefficient, respectively, and V the velocity of the electrons.

In the followmg two sub-sections the different terms of the equation (6.1) will be
discussed as possible contributors to the formation of the anisometric irregularities.
As obviously a decay process due to recombination.and attachment cannot introduce
any anisometric effects in the sporadic E layer, the discussion will be limited to the
last two terms. ‘ :

a. lefhsive processes The ionization of the sporadic E layer in the auroral
zone is known to possess a “cloudy structure”. Due to regular and irregular motions
of the electrons, the shape of the “clouds” change rapidly. The deformation of a spherical
“cloud” of ionization under the action of nonisotropic diffusion will briefly be discussed
in this scctlon

The ve10c1ty of an electron in the presence of an external eléctric f1eld E normal

to B is giveh by cquatlon (6.2), if the inertial and gravitational forces are neglected.

—

V= M, (cE + k:r%’f) =Vt 7, - (6.2)

M, being the mobility tensor, £ Boltzman’s constant and 7 the temperature. If
the z-axis is chosen to be parallel to the earth’s magnetic. field, the mobility tensor
reduces to a simple function of the Pedersen mobility £,, the Hall mobility 4, and the
longitudinal mobility /,: ' = o :

-, h, O l i
M, =<k -t, O

(6.3)
0 0 -tJ
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The divergence term in equation (6.1) may therefore be wrltten (if T is assumed
to be constant)

-

A-(Fn)=TVgVo—nt, ¥ E—[—n( )aaEzz+nh,(v'xE)-e3_

(6.4)

‘3%n

—kTt, 7% — kT (I, — t) —
e VI ( e e) 3zt
¢s being the unity vector in the direction of the z-azis. If the external electric field
changes sufficiently slowly throughout the medium, the first term on the right side
-corresponds to a bodily movement of the cloud. The next three terms correspond to
decay processes caused by spatial variations in the external field. It has been shown

(CreMmow and Jomnson [25]) that the decay processes associated with an external,.

electric field are of less i importance i in the E region than the diffusive decay. Equation
(6.4) therefore reduces to:

' - 2
V- (Pn) ~ Ty Vi — kT4, Vi — KT(L, — £) ﬂf . (65)

At the 100 km Ievel the ratio L/t is approx1matcly 100, if the positive ions are assumed
to be at rest (Maepa [26]).. :

Thus,; according to equation (6.3), the diffusion takes place much more rapidly
along the field lines than normal to these. A spherical cloud of ionization will, under the
action of diffusion,-be deformed to a field-aligned irregularity with a circular cross-
section. Diffusive processes may therefore produce field-aligned irregularities with
circular-sections, provided the “time constant” of the diffusion is much less than the
“life time” of the irregularity. . ' '

In the F2-layer the decay of free electrons by recombination and attachment is

rather slow, and it has been suggested that the field-aligned irregularities in. this layer
may be formed by diffusion (SpENcER [27]). Field-aligned irregularities observed in
other ionospheric regions (LEaDpABRAND et al [17], HaraNG and PEpERsEN [12] and
Unwin [23]) may possibly also be ascribed to the same effect. It seems improbable,
however, from equation (6.5) that irregularities with non-circular cross-sections may
be formed by anisotropic diffusion. -

b. The source of ionization. The close relationship between the sporadic E
ionization, the occurrence of visual aurora and the magnetic storminess is well
established (Knecut [29], OMuOLT [30] and HeppNER [23]). It has therefore been
suggested that the sporadic E ionization in the auroral zone is formed by charged
particles of solar origin (Smrta [20]). The nature of the incoming solar corpuscles
has been discussed by a large number of workers, and a survey of results has recently
been given by Parker [31]. The main constituents of the incoming particle stream
. are protons and electrons. As the stream invades the earth’s magnetic field, some of the
particles_are captured by, the field (Stormer [32]). These particles will then start
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spiralling around the magnetic lines of force, and oscillate between a northern and a-

southern mirror-point. Furthermore, as the earth’s magnetic field is non-homogenuoes,

the electrons tend to drift slowly towards east and the protons towards west (ALFVEN

[33]).

A corpuscle captured by the earth’s magnetic field will thus be confined to one
of the surfaces described when the magnetic field lines are rotated around the earth’s
magnetic axis. Let R and A be the polar coordinates of the surface in a geomagnetlcal
meridional plane, Then, for the dlpole assumption :

R = R, cos?A _ | (6.6)

R, being the geocentric distance of the surface at the geomagnetical equator.

A particle captured by the earth’s magnetic field is not allowed to move from one
of the surfaces given by equation (6 6) to another. Hence R, is a conservative para-
meter for the partlcle :

dR,
&

An experimental proof for the validity of equation (6.7) has been obtained durmg the

experiment “Argus” [34].

One may introduce the “thickness” of one trapping surface as thc diameter of the

gyrocircle:

eB

The particles trapped.in a certain shell given by equation (6.6) may penetrate into the
lower atmosphere at high latitudes and produce ionization in an area which is unlimited
in the east/west direction, whereas the northfsouth extent of the area should be
- comparable with D. It therefore seems reasonable that 1onospher1c layers formed by
trapped particles are more uniform in an east/west direction than in the north/south
direction, which is in accordance with our observations of the sporadic E layer in the
auroral zone. : :

At present this model cannot be tested quantitatively, as the energy dlStrlbuthIl
of the trapped particles is unknown. It has been suggested by MclLwaiv [35] that
electrons in the energy range 10—20 keV play an important role in the formation of
active, visual aurora. The gyroradius near the mirror point of such particles is approxi-
mately 8—10 m corresponding to a diameter equal to 15—20 m. This distance is
somewhat smaller than the meridional “scale of structure” in the sporadic E layer,
which is 80—160 m. ‘ |

-

6.2 Drift of the amplitude pattern of the Es-echo. There seems to be at
least three possible explanations for the observed drift of the amplitude pattern of the
sporadic E echo: :

~ 0 | e
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1) Horizontal movements of clouds of ionization caused by horizontal wind
systems. (The term “wind” refers to movement of unionized matter).
- 2) Horizontal movements caused by an external electric field.’

3) Motion of a non-uniform source of ionization. _
The connection between the ionospheric winds and the movements of the ionos-
pheric irregularities has been studied by different authors. Due to the high collision
frequency in the Es region, a wind may be of great importance in the horizontal
displacements of ionization (RarcLirre [36]). As, however, the sound velocity at the
altitudes in question is of the order 300 m sec™?, (based upon values given by Havens
et al. [37]), it seems doubtful that the highest drift velocities observed may be ascribed
to winds. In fact, observations of meteor-trails clearly show that the wind speed is
much lower in the auroral E region than the highest drift speeds observed. _
The movement of irregularities in an ionized gas in the presence of electric and
magnetic fields is still an unsolved problem. The particular case when the irregularities
are elongated along the magnetic field lines has been the subject of theoretical studies
by MarTyw [38] and GLEMMOW Jonnsson and Weekes [39]. The velocity of a weak,

field-aligned irregularity in the presence of an external electric fleld E is given by
{CLEMMOW and JOI—INSSON [257): :

_ ExB
(1 4+ 2% pe

w,0;

TH

69

v; and », being the collision frequency for ions and electrons, respectively, and w; and
w, the corresponding gyro frequencies. At the 100 km. level », = 9. 103 sec— and

v, = 2+ 109 sec=? (MaEDA [26]). If B is assumed to be equal to 4 - 10-5 Wb/m w, = |

7, 10%sec™ and w; = 1.6 - 102 sec1, then: o _
V=10 - (6.10)

The electric fleld required to produce a drift speed of 750 m sec~? (the highest -
drift speed observed in the Es region above Tromse) is thus 70—80 mV m-'. As the
actual shape of the irregularities in the sporadic E region is unknown, it is not clear
whether equation (6.10), which strictly holds only for field-aligned irregularities, is
valid for this actual case. There is, however, a remarkable consistency between this
field strenght and the storm field deduced from the Chapman and Ferraro ring cur-

rent (MarTyn [40]), the latter being of the order 100 mV m-1. -
' An alternative explanation for the observed drift is that the source of ionization
has an apparent horizontal movement. As, however, the “life-time” of the irregularities
in the Es region is as high as 10 —20 minutes, it seems improbable that this may explain
the observed variations in the echo amplitude with periods less than one second.
This conclusion is confirmed by results from studiés of scatter irregularities in the auroral
zone using VHF (Bowwies [41]).
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7. Conclusions. The results from a study of the small-scale irregularities in the
amplitude pattern of the night-time sporadic E echo in the auroral zone, given in the
present paper, may be summarized as follows:

1) The 1rregu1ar1t1es are elongated in an east/west direction, and the mean axis
ratio in the correlation ellipses is 3:1.

2) The mean horizontal extent of the irregulatities is apprommately 250 m (along -

the minor axis of the correlation ellipses).

3) The irregularities in the amplitude pattern are found to move nearly parallel
to the visual auroral zone,

4) The mean drift speed of the amplitude pattern is 280 m sec—* Drift velocities
up to 1460 m sec~! have been observed.

5) The drift is towards the west during positive magnetic storms, and towards
the east during negative storms, and the drift velocity is somewhat higher
during magnetic storms than during quiet conditions.” During hours when
the magnetic storm vector is zero, the drift motion relative to a non-rotating
earth practically vanishes.

The observations have been briefly discussed. It has been assumed that the fading -

-of the Es echo is caused by field-aligned irregularities, having elliptical “cross-sections”.
Hence the irregularities are field-aligned “sheets” of ionization rather than columns
with circular “cross-sections”. It has been shown that such irregularities cannot be
formed by diffusive redistribution of existing ionization. The shape of the irregularities
may qualitatively be explained if the ionizing particles are trapped in the earth’s
magnetic field.

The drift speeds of the irregularities in the sporadic E region are assumed to be 50%,
of the drift speeds of the amplitude patterns. It is obvious that the highest velocities
observed cannot be equivalent to the wind velocities at the same altitude. In order
to explain the highest velocities observed, it seems necessary to postulate the existence
of an external, meridional electric field. The magnitude of this field is deduced as a
function of the drift velocity under certain simplifying assumptions. The field corre-
sponding to the highest drift velocities observed is of the order 80 mV m-1.
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APPENDIX

The "Cambridge metod” for deducing the correlation properties of the
amplitude pattern of the ionosphere echoes. The structure and drift of the
amplitude pattern of a signal reflected from an ionosphere layer may be deduced
-if the time variation of the signal is known at three points over the ground. The method
[8—11] is based upon three assumptions:
1) Curves of constant spatial autocorrelation for the pattern are concentrical,
conformal ellipses.
2) The amplitude pattern changes very. slowly as it moves.
' 3) The temporal autocorrelation function is conformal to the spat1a1 “one-
dimensional® autocorrelation function. '
Let the combined temporal and spatial autocorrelation functlon of the amplitude
pattern be given in polar coordinates by

e =0l e (Al)
By recording the time variation of the echo amphtudc at the three points: (r, ¢) =

{0, 0) (@, 0) and (a, 2) the following spat1a1 correlation functlons may be deduced:
901 =0 (a, 0,7) } (A2)

Q(aa '2':1")

' 3
Q1 — 0 (d, 'Z_H: T")r

| T — @ (Os 0 a T)
From assumption 1 follows:
0?0 =e(r(9),0 | (A3)
and a “correlation ellipse” is given by: ' -
r{p) = 4(0) (1 + (I — 1) sin® (p — y))*2 | (Ad)

where 4 is the major semiaxis in the correlation ellipse, I” the axis ratio (I"™>1) and ¢
the angle between the x-axis and the major axis of the correlation elhpse
From assumption 3:
| (@)

e (705 0) = 2 (0,7) (A5)

The parameter V, (¢), having the dimension of velocity, is usually called the ““fading
velocity”. It may be shown that the fading velocity is a function of the non-systematical
drifts in the amplitude pattern.
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Fig. Al Drift of an isometric amplitude pattern.

The drift velocity of a bodily moving isometric amplitude pattern (V, (p) =
constant) may easily be deduced when the mean time shifts (T, T3, T41) between
similar fades at the three antennas are known (Fig. (Al1)).

For an anisometric amplitude pattern, however, it is essential to know the form
and orientation of the correlation ellipses in order to deduce the drift velocity V.

The “apparent” drift velocity V; deduced from time shifts between “similar fades”
is normal to the so-called “maximum line” in the correlation ellipses. It may be shown

that the “maximum line” and the direction of the drift ¥’ are conjugated diametérs
in the ellipses. Furthermore, V' = V. sec ¢ (Fig. (A2)). Thus the drift velocity of an
anisometric, bodily drifting amplitude pattern may be deduced if the apparent drift
velocity and the “correlation ellipses” of the pattern are known.

Fig. A2. Drift of an anisometric amplitude pattern.

When non-systematical drifts occur in the amplitude pattern, the term “true
drift” has no meaning. In this case the true drift velocity is defined as “the velocity
of an observer who has so adjusted his motion over the ground that he experiences
the slowest possible speed of fading” (Bricas et al. [10]).
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It has been shown [11] that the “érue drift” V is parallel to the drift V7, which is
deduced by the procedure given above. The “true” speed of the amplitude pa.ttern is
easily deduced by equatlon (A6) [11], in which V, (g,) is the “fading velocity”

a direction parallel to V’

- _ Vc(?l) 2 +f
V—( V,) v (A6)

This equation shows that for a bodily drifting amplitude pattern (V = V') the

“fading velocity” in the drift direction is equal to V.
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