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ATMOSPHERIC ELECTRICITY AND LONG
DISTANCE VERY HIGH FREQUENCY

SCATTER TRANSMISSIONS
BY G. A. ISTED

During an investigation into the behaviour of long distance transmissions on very
high radio frequencies, a new phenomenon has been encountered which has a direct
relation to electrical discharges from ordinary clouds in the lower atmosphere. Signals
radiated in the 30-100 Mc/s band, and transmitted to distances of 500 Km and more,
arrive at the receiver in a succession of impulsive bursts. Many of these impulsive
bursts are arranged in trains having a very rigid time separation between bursts.

Evidence of cloud discharges, not necessarily amounting to lightning, has been

obtained. These discharges are also often arranged in trains with time separations
between discharges similar to the time separation of impulsive bursts. Although the
discharges from clouds occur in the lower atmosphere the impulsive bursts of signal are
reflected from localised pockets of ionization situated in the E region.

A theory has been evolved to show how electrical discharges from clouds can form
pockets of intense ionization in the E region; furthermore, the theory suggests that
ordinary clouds, distinct from thunderstorm clouds, may be the chief electrical generators
which maintain the fine weather vertical potential gradient.

It is also suggested that when energy is transferred from discharging clouds to
fine weather areas, continuous partial ionization of the E region conduction path is
set up and in extreme cases may result in the formation of Sporadic E.

It is considered that the partial ionization of the E region by this transfer of energy,
together with the 'impulsive bursts of ionization, is the main mechanism by which very
long distance radio transmissions are achieved in the very high frequency band.

Introduction
El OR many years it has been considered that the utility of radio frequencies
r above 30 Mc/s is restricted to the optical, or near optical, ranges afforded

by the combined aerial heights of the transmitter and receiver.
From time to time instances of successful transmissions considerably in excess

of these ranges have been noted ; many of these transmissions were due to special

(37)



Atmospheric Electricity and Long Distance Very High Frequency Scatter Transmissions

meteorological conditions of the lower atmosphere causing either elevated reflecting
strata, or a deviation of atmospheric refraction from normal. Some instances were
due to abnormal conditions in the E region of the ionosphere (Es), and others to
normal conditions of the ionospheric F2 layer during the period of sunspot maximum.

From the point of view of reliable communication planning, the first two
mechanisms, to all intents and purposes, are unpredictable. The third mechanism,
although predictable, is only operative above 30 Mc/s for short periods in the years
around sunspot maximum. In all three cases the utility of very high frequency radio
wave transmissions is relatively short-lived.

Eckersley (5) (6) has shown that scattered signals from high -power short-wave
transmitters, operating on frequencies well above the vertical incidence critical
frequency, could be received at all distances through the skip zone up to extreme
ranges. He has further shown that part of this scattered signal is of a random and
sporadic nature, and emanates from clouds of ionization situated mainly in the
E region. Eckersley also implies that as more and more power is radiated, so more
and more of this type of scatter will emerge from receiver noise.

Eckersley refers to this type of scatter as " short -distance " scatter, but as this
nomenclature is likely to introduce ambiguity and confusion into some sections
of this paper, the term " impulsive " scatter will be used whenever the Eckersley
" short -distance " scatter is referred to. " Impulsive " scatter does in fact describe
the phenomenon more accurately, because the scatter echoes are impulsive in duration,
in time of occurrence and in location within the E region.

Work done during the 1939-45 War, using very high power pulse transmitters,
on frequencies around 60 Mc/s, showed that this impulsive scatter, described by
Eckersley, was still present at these much higher frequencies.

No completely satisfactory explanation of the mechanism causing this impulsive
scatter has yet been given, although it is known that meteors and meteoric dust, on
entering the earth's upper atmosphere, evaporate and cause local clouds of ionization
to be formed. The remainder of the scatter mechanisms are vaguely described as
" momentary irregularities and turbulences " in the E region.

More recent work carried out in America by Bailey and others (1) has shown
that this impulsive scatter, together with a residual ionization of the regular
E region, was capable of producing coherent and sustained weak signals, over
distances between 1000 and 2000 Km, on a frequency of 49 Mc/s. An attractive
feature of this signal, from the communication point of view, is that it is ever-present,
even during ionospheric disturbances when many of the orthodox radio-
communication systems completely fail ; moreover, it is claimed that this signal
is actually enhanced during these disturbances-a fact previously pointed out by
Eckersley in regard to impulsive scatter activity.

An investigation has been made by the author into the behaviour of signals,
within the 30-100 Mc/s band, transmitted over relatively long distances, with
particular regard to their detailed structure. The object of the investigation was
to determine the amount of intelligence a given system of modulation would provide,
on a radio communication channel utilising these scatter signal transmissions.

It was decided to commence the investigation by making use, during their
normal transmission hours, of signals radiated from the B.B.C. Television sound
transmitters situated in different parts of Great Britain. Other specific experiments,
carried out over much greater distances, show that the character of signals at these
greater distances is exactly the same as those described in this paper.

Apparatus was accordingly designed to permit the automatic recording of the
signals in great detail, and for that reason sample recordings only were made at

(38)



Atmospheric Electricity and Long Distance Very High Frequency Scatter Transmissions

frequent but irregular intervals. No long term continuous automatic recording was
undertaken.

During the course of these experiments a new impulsive scatter phenomenon
was encountered, having a very strong association with atmospheric electricity.
This particular phenomenon is the main concern of this paper.

FIG. I
Disposition of Transmitters with respect to receiving site.

Description of Experimental Arrangements and Instrumentation
Experimental Arrangements

The transmitting stations mainly concerned in the experiments described in
this paper are the B.B.C. Television sound transmitters situated at Wenvoe, Wales,
and Kirk-o-Shotts, Scotland.

Reference to Fig. 1 will show at a glance the positions of these transmitters
relative to the receiving site at Great Baddow, Essex, England.

(39)
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Observations were made on the B.B.C. transmissions during their normal
programme times which extended intermittently between 1000 and 2300 hours
GMT (or BST).

The Kirk-o-Shotts and Wenvoe amplitude modulated sound transmitters radiate
an effective mean power of approximately 26 Kw from omni directional, vertically
polarized aerials, on frequencies of 53.25 and 63.25 Mc/s respectively.

The distances of Wenvoe and Kirk-o-Shotts from the receiving site are 290 and
530 Km respectively.

Radio Receivers and Recorders
In order to obtain a suitable signal to noise ratio with the weak signals available,

narrow -band receivers are a necessity.
To make it possible to record simultaneously, signals radiated on two different

frequencies, or a signal on the same frequency received under two conditions, the
receiving apparatus is virtually a twin channel arrangement. It will be sufficient
for the purpose of this paper to describe only one channel and to give the additional
information that the second channel is a replica of the first.

A crystal controlled V.H.F. converter, capable of being tuned to a spot frequency
between 38 and 95 Mc/s, precedes a standard type commercial H.F. receiver, used
in this case as the intermediate amplifying stage. A pass -band -width of 1200 c/s
is always used.

The second detector D.C. output of the H.F. receiver is connected to a D.C.
amplifier, the A.V.C. and all time -constants greater than 0.01 seconds having already
been removed. The output of the D.C. amplifier is then fed into one side of a twinchannel high-speed coil recorder, the stylo of leaves a permanent mark
by electro -chemical action, on a suitably treated paper moving under the stylo ata constant speed.

The whole apparatus is capable of recording faithfully amplitude variations ofsignal up to a rate of 50 c/s.
Second time -marks are recorded in the centre of the recording paper by meansof an impulsed fixed stylo.
The sensitivity of the whole receiving apparatus is such that a signal of -20 db

with reference to 1 µV at the input to the V.H.F. converter will give a readable
deflection above noise on the recording paper. Saturation of the receiver and
recorder occurs at 1 ; thus a range of 20 db change in signal level can be
comfortably accommodated within the minimum to maximum deflection of therecorder.

As an alternative to the twin channel recorder an impulse counter may beconnected to the output of the D.C. amplifier and arranged to count the number of
excursions the signal makes beyond any preselected amplitude.

A second recorder of the magnetic tape type is used to record signals from
the normal audio frequency output from either receiver.

Receiving Aerials

Several aerials are used, all of which are tuned to spot frequencies in the
38-100 Mc/s band, and each capable of being arranged for the reception of either
vertically or horizontally polarized waves.

Each aerial consists of a simple half -wave dipole and a single element half -wavereflector with a spacing between them of a quarter wavelength. The gain of these
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" H " aerials is approximately 3 db with reference to a half -wave dipole. The aerial
is connected to the receiver by a 70 ohm coaxial feeder having a loss of approximately
1 db. A " balun " transformer is used between the balanced aerial and the
unbalanced feeder.

The aerials are installed about 20 feet from the ground and 140 feet above
sea level.

" Static " Receiver
Evidence will be presented in this paper to show a relation between events

which happen in the very high frequency radio band, and the incidence of impulsive
electrical disturbances in the atmosphere.

In order to observe these electrical disturbances an unusual, yet very simple,
receiver is used.

This receiver consists of a straightforward audio frequency amplifier having a
gain of 70-80 db. A 30 -foot vertical aerial is connected to the amplifier input.
Precautions are taken to eliminate, by suitable filtering, long wave radio trans-
missions and the 50 c/s electrical supply voltages ; consequently the pass -band of
the arrangement is of the order of 200 c/s to 12 Kc/s.

The output of the amplifier can be connected either to the twin channel paper
recorder, or to the magnetic tape recorder.

This receiver will be referred to as the " static receiver " in the following sections
of this paper.

Ionosphere Sounder
Evidence will also be given in this paper to show the connection between

ionospheric impulsive scatter, lightning, and events which happen in oblique trans-
missions of very high frequency radio waves.

The ionospheric impulsive scatter records were made by means of an ionosphere
sounder, the technique of which is so well known that only the briefest description
of the sounder used is necessary. Only the frequency of 10.6 Mc/s was investigated
in this particular series of experiments, which was not conducted simultaneously
with the very high frequency experiments under discussion.

The transmitter was modulated by 100 µS long pulses at a repetition rate of
25 per second. The peak pulse power radiated from the half -wave horizontal
dipole was 25 Kw.

A vertical rhombic aerial, the polar diagram of which was directed vertically,
energised a suitable receiver, the output of which was connected to an " A scan "
cathode ray oscilloscope.

The transmitted pulse was arranged to trigger the oscilloscope time -base on
which range marks appeared. A continuously moving film camera recorded the
information given by the system.

A five-minute sample was recorded at hourly intervals over a period of approxi-
mately two years.

Experimental Results
Recordings of Kirk-o-Shotts Transmissions

The distance between the transmitter and the receiving site, and the combined
heights of the aerials, results in a very non -optical path ; the direct signal arriving
at the receiver by means of diffraction and tropospheric mechanisms is, therefore,
usually extremely weak. Nevertheless, a continuous signal of slowly varying
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amplitude, having a mean value of something less than 20 db below 1 12.V/m, is
observed.

Superimposed on this weak background signal is a succession of impulsive
bursts of signal, the duration of which vary between 0.1s and 1.0s, and the amplitude
of them varying from -15 to more than +10 db with reference to 1 t V/m. These
bursts of signal will now be referred to simply as " bursts."

(b)

(d)

(1)

(a)

FIG. 2
Recordings of Kirk-o-Shotts Transmissions showing Equi-spaced Signal Bursts.

11»,, 1111,kk

414`1.4Jui
R BC D

(g)

A typical portion of a record, taken at Great Baddow, of the Kirk-o-Shotts
transmission is shown in Fig. 2 (a). In this particular case only one receiver has
been used, consequently only one trace of the twin channel recorder is seen.

Increases of amplitude appear as vertical deflections. Time increases from
left to right and is marked off in this instance at second intervals along the foot
of the record. The ragged base line of the record represents the weak background
signal ; set -noise in the absence of the signal only just breaks the base -line.
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It will be seen that within a period of 45 seconds sixteen notable deflections
occur. Many of these deflections reach the limiting deflection of the recorder ;
this limit is indicated by the square top to the deflections.

All these deflections represent sudden increases in signal amplitude of values
between 5 and at least 20 db above the mean background signal. The actual
amplitude calibration of the recorder is unimportant from the point of view of this
paper ; it will be sufficient to state that it is approximately linear in db except at
maximum and minimum deflection where a small amount of compression takes place.

The curvature of the leading and lagging edges of the bursts is caused by the
radial motion of the recorder stylo.

A casual inspection of Fig. 2 (a) suggests a semblance of regularity in the
occurrence of the stronger bursts, and closer inspection does, in fact, reveal some
surprising time relations between them. It reveals, for instance, that a time
separation of 4.5s exists between bursts C and D and between D and E ; the same
time separation exists between A and B. A regular spacing will be found between
bursts F, G and H, but in this case the spacing is 6.0s.

From this we may deduce that at least three events have happened to cause this
time relation. Event causing F, G and H is probably unrelated to the event which
caused C, D and E, while event C, D and E is probably related to event A and B
inasmuch as their time separation is identical.

Other events obviously occur between A and H which cannot be related, with
the limited information on this particular record, to any other event.

A very good example of a triple burst is shown in Fig. 2 (b) at A, which has a time
spacing of 2.4s between bursts ; another good example, with a spacing of 0.5s,
can be seen at C ; a second triple, with the same spacing, can be distinguished at B
although the third burst in this group is slightly confused by another burst.

A frequent variation of the triple grouping is illustrated in Fig. 2 (c). It will
be seen that burst A has the semblance of a small secondary burst overlapping the
tail of the main burst ; at B the secondary burst has split well away from the main
burst, while at C the split has progressed still further. Evidence of this progressive
splitting can also be seen in Fig. 2 (a) at F, G and H.

Another very common type of multiple burst is reproduced in Fig. 2 (d) where
it will be seen that bursts B, C and D have a regular spacing of 3.2s. This triple burst
is preceded by an associated burst, A, which has no obvious time relation with the
rest of the event. It is possible that double splitting may be occurring at C and D.

It is frequently found that some bursts in a multiple train are missing, as is
shown in Fig. 2 (e), where it is found that there is a spacing of 1.6s between bursts
AB and BC, while the spacing between CD is 4.8s. This suggests that, in this
particular record the fourth and fifth bursts in a train of six failed to arrive.

Not all the identifiable multiple trains of bursts have regular spacing. It will
be seen in Fig. 2 (f) that seven bursts which suggest a regularity to the eye are, in fact
irregular in their time spacing.

A combination of bursts that is very prevalent is the pair. Pairing has been
deduced from the fact that a given spacing between two bursts is repeated several
times, at random intervals, in the space of a few minutes. Another way of deducing
pairs is by the configuration of individual bursts. Fig. 2 (g) illustrates the identifica-
tion of pairs by configuration. Bursts AB, with a spacing of 1.0s, suggests a pair
while CD, with a spacing of 1.3s suggests a second pair. Both pairs would seem to be
unrelated one to the other.

From the evidence contained in these illustrations it is evident that some
mechanism is capable of producing regularly spaced bursts of signal ranging from
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two bursts up to six or seven in number. There is a strong probability that the
same mechanism can also produce single unrelated bursts.

At quite an early stage in these investigations, three important trends were
noted.

Firstly, it was found that there was a marked difference in burst activity
between mid -morning and mid -afternoon. The activity in the morning being far
greater than in the afternoon in the ratio of about 2.5 : 1.

Secondly, that there was a marked decrease in activity during the winter months
compared to the summer months.

Thirdly, that during periods of widespread fine weather the activity was very
markedly less than during widespread bad weather. In particular, the fact emerged
that the multiple trains of bursts are most likely to occur when cumulonimbus cloud
is present.

Simultaneous Recordings of Wenvoe and Kirk-o-Shotts Transmissions
The burst activity from the Wenvoe transmitter is very much less than that

CONTROL POINTS

FIG. 3
Oblique Transmission Mechanism.

from Kirk-o-Shotts although the same general trends appear to be identical. This
difference is attributable to the increased obliquity of the ray path of Kirk-o-Shotts
compared to the ray path of Wenvoe. A brief reference to Fig. 3 will show that rays
travelling from transmitters T1, T2 and T3 to Receiver R, could be reflected at
the mid -path control point in the E region. As the distance between R and T is
increased the angle of incidence of the ray at the reflection control point becomes
more glancing, and consequently the reflection coefficient at that point is increased
for the more glancing angles, therefore for a given amount of ionization the reflection
from it will be stronger and last longer than would be the case for shorter distances
with correspondingly steeper angles of incidence. The number of random reflecting
sources embraced by a given cone of rays will also increase as the incidence becomes
more glancing at the control point.

The same diurnal trend is present on the Wenvoe transmissions as was noted on
transmissions from Kirk-o-Shotts in that the signal is much less active in the mid-
afternoon than in the mid -morning. Similarly the same difference is present between
widespread fine weather and widespread bad weather.
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In the case of the Wenvoe signal it is rather difficult to prevent the tropospheric
wave from swamping the bursts completely.

In the main, there is a marked lack of correlation between signal bursts from
Wenvoe and Kirk-o-Shotts but, at times, strong evidence is recorded that similar
events happen at slightly different times along the two routes. Instances have been
recorded showing a certain arrangement of signal bursts from Kirk-o-Shotts lagging
as much as 4.2 seconds behind a similar signal arrangement from Wenvoe. These
records, which are by no means unusual, suggest that a common agency affects the
reflection control points at different times.

Simultaneous Recordings of Kirk-o-Shotts Transmissions and Lightning
In an early communication, pointing out the connection between multiple bursts

and lightning, the author (10) stated that evidence had been obtained to show that
separate bursts and pairs of bursts frequently followed a lightning flash. Since that
time more opportunities have occurred on which to observe more carefully the events
which happen during lightning storms.

The statement made in the above communication has been confirmed but other
important events, not appreciated at the time of the communication, have since
been observed.

The following records, illustrating the behaviour of signal bursts during lightning
storms, were made by arranging for one radio receiving channel to record the
Kírk-o-Shotts signal, (and inevitably the lightning flash " atmospheric "), and the
second channel to record the " atmospheric " alone by detuning the receiver away
from the Kirk-o-Shotts frequency. By this simultaneous method of recording, radio
bursts and lightning flashes can be clearly identified.

The event recorded on Fig. 4 (a) shows radio frequency bursts A, B preceding
a lightning flash atmospheric C. The time separation between the two bursts and
between the second burst and the flash is 3.0s.

In Fig. 4 (b), burst A precedes a flash B which is in turn followed by another
burst C. The spacing between the burst and the flash and between the flash and
second burst is 4.2s.

A flash followed by two bursts is shown in Fig. 4 (c). The spacing in this
particular case is not so accurate as in other examples of this combination.

A very complicated train of events is illustrated in Fig. 4 (d). A, B, C, D and E
are all spaced 3.3s ; of these B and E are flashes. F, H, I and J are all spaced 7.0s
and of these H is a flash. F, G and H are equally spaced and of these G and H are
flashes. It would thus appear that F and H are common to two trains. At K a burst
immediately follows a multiple lightning flash, a fairly common occurrence.

'Lastly in this series of lightning flash records Fig. 4 (e) shows three lightning
flashes spaced 1.4s apart. From an inspection of the top trace one would suspect
also that bursts occur simultaneously with the flashes.

Simultaneous Recordings of Kirk-o-Shotts Transmissions and Electrostatic " Clicks"
If the output of the " static " receiver is connected to the high-speed paper

recorder a succession of extremely short clicks can be seen on the trace.
These clicks sound, to an experienced observer, quite different from the charac-

teristic sound produced by lighting flash discharges, but there is no doubt that
they indicate rapid changes of an electric field.

The analysis of these records is extremely difficult on account of the great
number of clicks of varying amplitude recorded in a period of a minute ; never -
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theless the evidence clearly shows that pairs of clicks, and multiple trains of clicks
with regular spacing, very frequently occur.

»14l.l.,,)41J ú.L,, .k..;a c

(a)

lJ )

-----,..-----.---------
(5)

(o)

(c)

O )

w.o.

FIG. 4
Recordings showing connection between Kirk-o-Shotts Signal Bursts and Lightning (a), (b), (c), (d) and (e). The

connection between Signal Bursts and Atmospheric" Clicks" is shown in (f) and (g).

The time intervals between paired clicks, and multiple trains of clicks, are ofthe same order as the time separation between pairs, and multiple trains, of radiobursts. Moreover, the activity of clicks shows the same trends as the radio bursts.
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In the simultaneous record reproduced in Fig. 4 (f), the Kirk-o-Shotts signal
appears on the top trace and the static clicks on the bottom. It will be seen that
three clicks, equally spaced by 1.3s, occur at A, B and C. Three bursts having
the same spacing occur at D, E and F. If the two events are in fact associated,
the bursts are retarded on the clicks by 1.8s.

(a)

(h)

 tr 7
, ..,._.v+t

(c)
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,
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\4 :114}441"

rt1(f'
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(I)
FIG. 5

Examples gr." Step" Bursts.

A further example of this type of record is reproduced in Fig. 4 (g). It will be
seen that triple clicks A, B and C are equally spaced by 1.4s, and that a pair of clicks,
F and G, occurring later on have the same spacing. Two pairs of bursts-I, J and
K, L-have the same spacing as clicks A, B, C and F, G but otherwise there is no
correlation between clicks and bursts ; there is no correlation between the triple
clicks D, E, H, having a spacing of 3.2s, with the triple burst M, N, O immediately
above, and having a spacing of 2.0s.

Recordings of Non -repetitive Effects
Other effects attributed to electrical charges and discharges are very prevalent

during stormy weather. Fig. 5 (a) is a relatively long recording of the Kirk-o-Shotts
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transmission. It will be seen that the signal builds up in a very ragged manner
until a definite step of high level signal occurs. Within this step a lightning flash
occurs at the point marked by the arrow ; immediately afterwards a fairly rapid
decrease of signal down to the base -line takes place.

The records illustrated in Fig. 5 (b) were made during a local lightning storm,
without precipitation ; the record consists entirely of static noise received on the
V.H.F. radio receiver. The static noise builds up slowly over a period of time
until a sudden step in intensity occurs ; lightning followed shortly after and caused
the static noise to rapidly fall to zero. This last event was accompanied by an
audible whistle of decreasing pitch at the audio output of the receiver. The
complete cycle of events was repeated several times at irregular intervals and is
typical of local storms.

It is interesting to note the similar characteristics exhibited by the two
phenomena illustrated in these two records, particularly as they are both accom-
panied by lightning.

Long signal bursts, which are believed to be similar to the steps mentioned
above are shown in Figs. 5 (c), (d) and (e), but in each case the initial build-up
is not seen. No lightning flashes were identified during the period.

A frequent type of storm record is illustrated in Fig. 5 (f) where a low Doppler
frequency shift beat can be clearly seen preceding a step. This Doppler beat is
interpreted as being due to the reflection from a moving charged cloud beating with
some other source of the same signal.

Recordings of Ionospheric Impulsive Scatter
The results obtained from oblique transmissions described on pp. 41 and 45,

suggested that similar effects should be seen in records of impulsive scatter, made at
vertical incidence on lower frequencies. A long series of these recordings, made
during 1944 and 1945, were re-examined with greater care and, as expected, the same
effects were clearly discernible. Some of these records, taken with the aid of the
Ionospheric Sounder described in page 41, will now be discussed.

A typical record is reproduced in Fig. 6 (a).
In this record time increases from left to right ; an approximate time calibration

is given on the top of this figure. The direction of the time -base of the oscilloscope
is from the bottom to the top of the record. The heavy white lines running com-
pletely across the record from left to right are range marks and indicate units of
fifty kilometres and the smaller intermediate white lines units of ten kilometres.
The broad black band passing completely along the bottom of the record, where
letters of the alphabet have been printed, is the direct ray travelling over the ground.

The sporadic black marks which occur above the ground ray, some of which
have white circles scribed round them, indicate a ray returned after a short interval
of time, from some reflection point at heights, or more strictly speaking, ranges,given by the white calibration marks.

A cursory glance at Fig. 6 (a) suggests that the impulsive scatter reflections,
or echoes, are randomly distributed but a more careful inspection shows that thisis very far from the truth. For instance, the echoes ringed with white circles and
indicated by C, D, E and F underneath, are in fact regularly spaced in time by 12.0s.
Echoes A and B have the same spacing as C, D, E and F. All these echoes occurwithin the range between 160 and 200 Km.

Echoes G, H and I are spaced 7.0s apart and occur at ranges between 130 and150 Km.
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In Fig. 6 (b) B, C and D are equally spaced by 9.0s while A, which is believed

to be associated with B, C and D, is spaced from B by only 4.0s. This record is
considered to be a perfect example of the same type of triple burst from Kirk-o-Shotts
which has been illustrated in Fig. 2 (d).

A rather more complicated set of events is illustrated in Fig. 6 (c). Echoes

A, D and G, occurring at about 360 Km, are equally spaced 9.0s. It will be noted
that G is very much elongated and lasts for about 4.0s.

ati Egi=== 1~11~111i

ingla" r ta Z ,(e ia-' -  >`e '-i -aie,ts *-. .3 - .,..i.rs...  --_
y-- t--r.- --

r_

1443,4=4,4:44

(a)

igni

a..o,.,.,"..ss..x~1~12.r 1 Wit t

4 ,--Y,
,...,..i.

>-.+:-na m -"ILL:" á!f 44:411k

. 4. =,.t_
. i.ü-tt.i1

p r - . s1` _ -,.F.. ro - is '.' -:t4;t6 ,. +4f
VIM'_:`;a

BC DE F C HIJK R BC 0 EA 6 - C

(5)

lei

(c)

...,s r c:, r._1...
jtTw &E ,. t.}; 

Fm. - ,r- su- .

(.f)

FIG. 6
Typical examples of Ionospheric Impulsive Scatter are shown in (a), (b), (c) and (g). The connection between Lightning

and Impulsive Scatter is seen in (d), (e) and (f ).
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The quadruple train of echoes B, C, E and F are equally spaced by 2.0s while
the` quadruple train H, I, J and K is spaced 3.0s. Two pairs are probably present
just below G.

Some connection has been found in these records between scatter echoes and
lightning.

A lightning flash would cause a sharp black vertical streak to appear across
the record. Interference from another transmitter on the same frequency would
be likely to produce a much broader, and more diffuse band. The records now to
be described are considered to be true examples of lighting.

One example of lightning is shown in Fig. 6 (d) at the position marked B.
Echoes A and C are equally spaced by 3.0s on either side of the flash. It will be
remembered that a record of lightning and radio bursts from Kirk-o-Shotts, showing
a similar arrangement has been shown in Fig. 4 (b). Echoes A, D and E in
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Atmospheric Electricity and Long Distance Very High Frequency Scatter Transmissions

multiple trains of bursts had been prolific were selected and compared with
information supplied by the " Sferics " Organization of the Air Ministry Meteorological
Office.

The result of this comparison showed that on only four days out of the ten
under test were there lightning storms within the British Isles. On the other six
days the nearest storm centres were either in the Azores or in the Balkans.

This information makes it certain that lightning is not essential to the production
of multiple radio wave reflections ; but, should lightning storms be present along or
near the radio path, there is a strong relationship between them and the multiple
reflections.

In view of the unexpected result of this comparison, the investigation of these
ten test days was carried a stage further by analysing the cloud formation of the
British Isles, for evidence of cloud types which might have some association with
lightning.

The Daily Weather Report of the Meteorological Office, London, contains a
section devoted to classified cloud reports from fifty-six weather stations in the
British Isles. Low, medium and high clouds are each classified under nine different
types, the legend of which may be found in the Introduction to the Daily Weather
Report.

The total number of reports of each cloud type during the day, averaged over
ten days, was made the basis of comparison. The ten test days were compared
with ten days selected at random, and with ten consecutive days during a long
period of widespread fine weather.

The result of this comparison showed that the types of cloud significantly more
prevalent on the test days than on both the randomly selected and the fine weather
days were as follows :-

Low cloud : No. 7. Fractostratus or Fractocumulus of bad weather.
No. 9. Cumulonimbus, with cirroform top, often anvil -

shaped.

Medium cloud : No. 2. Thick altostratus or nimbostratus.
High cloud : No. 3. Cirrus, often anvil -shaped ; usually associated with

cumulonimbus.

This evidence suggests that some of the cloud formations usually associated
with stormy, or bad weather, have some connection with the multiple radio wave
reflections under discussion.

"This evidence, together with the demonstrated connection of lightning with
multiple reflections, leads one to believe that the prime cause of the regular recurrent
condition of the medium must be situated in the clouds. On the other hand, the
evidence contained in the recordings of impulsive signal bursts, from transmitters
situated at different distances, indicates that the actual reflecting medium must be
situated very much higher in the earth's atmosphere. This point is confirmed by
evidence of the same type of multiple reflections occurring at vertical -incidence
from the E region at lower radio frequencies.

Very strong evidence that an impulsive burst of signal is, in fact, produced
when a cloud is discharged is shown in Fig. 7. This record, originally in a continuous
strip, has been cut in two places for more suitable reproduction. It will be seen that
a Doppler beat, interpreted as being produced by the reflection from a charged
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cloud beating with some other source of the same signal, stops suddenly in three
places upon the arrival of an impulsive signal burst. The sudden stopping of the
beat when an impulsive burst arrives can only mean that the charged cloud became
discharged at that instant. This record was taken during a snowstorm but no
lightning was observed. This type of signal continued for several minutes but a
failure in the recording paper supply made it impossible to continue recording.
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FIG. 7

Evidence of Signal Bursts occurring when a Charged Cloud is discharged.

We are confronted, then, with the fact that a charging and discharging cloud
can cause recurrent ionization in the E region, and a theory must therefore be found
which will rigidly connect the two phenomena.

Atmospheric Electricity
Let us, for a moment, consider what is already known about the relevant

phenomena of atmospheric electricity.
The fundamental phenomenon of atmospheric electricity is the vertical electric

field measured under conditions of serene sky. The magnitude of this vertical
potential gradient near to the ground is of the order of 100 Volt/metre, positive
with respect to earth. Care has to be exercised in making measurements of this
potential gradient, for it is dependent upon the conductivity of the air. The air
over land, and particularly that over large industrial areas, suffers greatly from
pollution which seriously affects its conductivity and for this reason only measure-
ments of the electric field made over the oceans, free from atmospheric pollution,
are reliable.

Wilson (14) has suggested that this fine weather vertical potential gradient is
maintained by energy generated by lightning storms all over the world, and has
further suggested that the highly conducting E region of the ionosphere is the
means by which lightning storm energy is transferred to areas of serene sky, where
it leaks to earth by conduction through the air. Gish and Wait (8) have, indeed,
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found evidence of high conduction currents flowing from thunderheads upwards
towards the E region. Whipple (13) has provided very convincing curves of the
diurnal variation of world-wide lightning storms which are extremely well correlated
with Mauchly's (11) curve of the diurnal variation of the fine weather vertical
potential gradient over the oceans.

There is little doubt, therefore, that lightning storms do play a big part in
maintaining the potential gradient and Wilson's theory is accepted by meteorolo-
gists as fundamentally correct.

The potential gradient in itself is relatively unimportant to the present
discussion ; it is, however, evidence of a factor which will later be shown to be
important. As the conductivity of the air over the oceans remains very nearly
constant, and as the highly conducting E region is considered to be the distributor
of energy, any variation of the vertical electric field must mean that the actual
potential of the E region itself, with respect to earth, must also undergo a similar
variation. We therefore infer that the potential of the E region has a diurnal
variation similar to that of the vertical potential gradient.

To complete our picture of the essentials involved in the transfer of energy
from storm clouds to the E region, we must understand that there is no fine
demarcation between the E region and the upper atmosphere. It is known that the
air between the E region and 5-8 Km from the ground is ionized by cosmic radiation
and for this reason the conductivity of the air at 15 Km from the ground is so great
that it is practically at the same potential as the more highly ionized E region some
70 Km above.

Discharging Clouds and E Region Ionization
With the evidence presented in this paper, together with what is already

known concerning the origin of the fine weather potential gradient, it is now suggested
that many ordinary cloud formations, not necessarily accompanied by lightning,
contribute to the energy which maintains the E region potential. Frenkel (7) has
made the same suggestion but, up till now, there has been no experimental evidence
to support it. It would seem that these clouds are capable of discharging energy,
not only in the form of a continuous conduction current, but at regular intervals
upwards to the E region. Upon reaching the E region, which is already ionized
mainly by solar radiation, the energy so released intensifies this ionization. The
increased density of ionization is then capable of reflecting radio waves at frequencies
which would normally have penetrated the regular E layer.

Let us consider in more detail, and with the aid of Fig. 8, how such a mechanism
could operate.

The column of ionized air, between the E region and the cloud, may be likened
to a gas discharge tube. As the charge across the capacity formed by the E region
and a charging cloud reaches a critical striking potential, an ionization current
flows upwards to the E region until the potential across the capacity falls below the
critical value.

The regeneration of the charge across the capacity is a function, then, of the
capacities and resistances in the system, and upon the rate of potential generation
of the cloud. Provided that all these factors remain constant, the critical striking
potential will be reached at regular time intervals.

Gish (9) states that the relaxation time of charge -cloud regeneration has an
average value of about 5.0s. This statement lends considerable weight to this
present theory, for, the experimental evidence indicates that the relaxation time

(53)



Atmospheric Electricity and Long Distance Very High Frequency Scatter Transmissions

Fig. 6 (d) are all equally spaced by 9.0s. Thus it appears that two distinct events
are related to lightning through echo A.

Three lightning flashes are shown in Fig. 6 (e) each of which is associated with
three echoes. Related to flash B are echoes A and C displaced on either side of the
flash by 3.0s ; a third echo occurs at the position of the flash and is ringed in white.

D, E and F show the same arrangement with a spacing of 2.0s. G, H and I
are similarly arranged with a spacing of 9.0s. In both cases an echo again appears
at the same position as the flash.

A fairly continuous echo at 180 Km runs completely across the record and
lasts for at least 42 seconds.

Another record showing scatter echoes related to lightning is shown in Fig. 6 (f).
Scatter bursts A and C are equally spaced by 3s on either side of flash B. The two
echoes, D and E, have the same spacing as the A and C echoes have with respect
to flash B. A triple train of echoes with a spacing of 4s is present at F, G, H.

A record, which is not easy to interpret, is reproduced in Fig. 6 (g). There
may be a triple echo train at A, C and E and another triple train at B, D and F ;
both of these trains have the same time spacing of 11.0s. Alternatively, the record
may be interpreted as containing three echo pairs AB, CD and EF, all of which
have a spacing of 4.0s. Of the alternative interpretations, the latter is probablythe true one. The lightning flash on the record does not appear to be related toany of the echoes.

These ionospheric impulsive scatter records provide striking confirmation that
equi-spaced reflections do occur in the E region, and that they are often rigidly
related to lightning.

Further work is needed to decide whether the apparent changes in height in a
train of impulsive scatter bursts, as shown in the records, are really changes of height
above the earth, whether they are geographical changes of position, or whether they
arc due to retardation in the E region.

Discussion of Experimental Results
General Discussion

Sufficient evidence has been submitted in this paper to establish, beyond
reasonable doubt, the fact that multiple trains of ionization bursts, having fairly
rigid time separations between bursts, are a very frequent occurrence and influence-both very high frequency radio wave transmissions, and impulsive scatter echoes at
lower radio frequencies.

Tests over a long period of time have failed to produce evidence that subsequentbursts in a multiple train are in any way echoes of the first. On the contrary, ananalysis of magnetic tape recordings made of the modulation contained in the
bursts from Kirk-o-Shotts indicate quite clearly that the modulation in each burstis not a replica of any preceding burst.

We are therefore forced to the conclusion that the mechanism causing multiple
ionization bursts is a relatively local recurrent condition of the ionizing agent.

In a preliminary communication the author (10) suggested that these multiple
bursts frequently followed a lightning flash. From the evidence submitted in thispaper it is obvious that the mechanism is more complicated and probably moreimportant than at first imagined.

With the object of determining whether these multiple bursts had anysignificant connection with known lightning storm centres, ten days on which
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multiple trains of bursts had been prolific were selected and compared with
information supplied by the " Sferics " Organization of the Air Ministry Meteorological
Office.

The result of this comparison showed that on only four days out of the ten
under test were there lightning storms within the British Isles. On the other six
days the nearest storm centres were either in the Azores or in the Balkans.

This information makes it certain that lightning is not essential to the production
of multiple radio wave reflections ; but, should lightning storms be present along or
near the radio path, there is a strong relationship between them and the multiple
reflections.

In view of the unexpected result of this comparison, the investigation of these
ten test days was carried a stage further by analysing the cloud formation of the
British Isles, for evidence of cloud types which might have some association with
lightning.

The Daily Weather Report of the Meteorological Office, London, contains a
section devoted to classified cloud reports from fifty-six weather stations in the
British Isles. Low, medium and high clouds are each classified under nine different
types, the legend of which may be found in the Introduction to the Daily Weather
Report.

The total number of reports of each cloud type during the day, averaged over
ten days, was made the basis of comparison. The ten test days were compared
with ten days selected at random, and with ten consecutive days during a long
period of widespread fine weather.

The result of this comparison showed that the types of cloud significantly more
prevalent on the test days than on both the randomly selected and the fine weather
days were as follows :-

Low cloud : No. 7. Fractostratus or Fractocumulus of bad weather.
No. 9. Cumulonimbus, with cirroform top, often anvil -

shaped.

Medium cloud : No. 2. Thick altostratus or nimbostratus.
High cloud : No. 3. Cirrus, often anvil -shaped ; usually associated with

cumulonimbus.

This evidence suggests that some of the cloud formations usually associated
with stormy, or bad weather, have some connection with the multiple radio wave
reflections under discussion.

This evidence, together with the demonstrated connection of lightning with
multiple reflections, leads one to believe that the prime cause of the regular recurrent
condition of the medium must be situated in the clouds. On the other hand, the
evidence contained in the recordings of impulsive signal bursts, from transmitters
situated at different distances, indicates that the actual reflecting medium must be
situated very much higher in the earth's atmosphere. This point is confirmed by
evidence of the same type of multiple reflections occurring at vertical -incidence
from the E region at lower radio frequencies.

Very strong evidence that an impulsive burst of signal is, in fact, produced
when a cloud is discharged is shown in Fig. 7. This record, originally in a continuous
strip, has been cut in two places for more suitable reproduction. It will be seen that
a Doppler beat, interpreted as being produced by the reflection from a charged
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cloud beating with some other source of the same signal, stops suddenly in three
places upon the arrival of an impulsive signal burst. The sudden stopping of the
beat when an impulsive burst arrives can only mean that the charged cloud became
discharged at that instant. This record was taken during a snowstorm but no
lightning was observed. This type of signal continued for several minutes but a
failure in the recording paper supply made it impossible to continue recording.

,`,u M'dMlvV+AN,u,MMuAynVYYWtn/l1!{.l:N..W.....ü{INA'

FIG. 7

Evidence of Signal Bursts occurring when a Charged Cloud is discharged.

We are confronted, then, with the fact that a charging and discharging cloud
can cause recurrent ionization in the E region, and a theory must therefore be found
which will rigidly connect the two phenomena.

Atmospheric Electricity
Let us, for a moment, consider what is already known about the relevant

phenomena of atmospheric electricity.
The fundamental phenomenon of atmospheric electricity is the vertical electric

field measured under conditions of serene sky. The magnitude of this vertical
potential gradient near to the ground is of the order of 100 Volt/metre, positive
with respect to earth. Care has to be exercised in making measurements of this
potential gradient, for it is dependent upon the conductivity of the air. The air
over land, and particularly that over large industrial areas, suffers greatly from
pollution which seriously affects its conductivity and for this reason only measure-
ments of the electric field made over the oceans, free from atmospheric pollution,
are reliable.

Wilson (14) has suggested that this fine weather vertical potential gradient is
maintained by energy generated by lightning storms all over the world, and has
further suggested that the highly conducting E region of the ionosphere is the
means by which lightning storm energy is transferred to areas of serene sky, where
it leaks to earth by conduction through the air. Gish and Wait (8) have, indeed,
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found evidence of high conduction currents flowing from thunderheads upwards
towards the E region. Whipple (13) has provided very convincing curves of the
diurnal variation of world-wide lightning storms which are extremely well correlated
with Mauchly's (11) curve of the diurnal variation of the fine weather vertical
potential gradient over the oceans.

There is little doubt, therefore, that lightning storms do play a big part in
maintaining the potential gradient and Wilson's theory is accepted by meteorolo-
gists as fundamentally correct.

The potential gradient in itself is relatively unimportant to the present
discussion ; it is, however, evidence of a factor which will later be shown to be
important. As the conductivity of the air over the oceans remains very nearly
constant, and as the highly conducting E region is considered to be the distributor
of energy, any variation of the vertical electric field must mean that the actual
potential of the E region itself, with respect to earth, must also undergo a similar
variation. We therefore infer that the potential of the E region has a diurnal
variation similar to that of the vertical potential gradient.

To complete our picture of the essentials involved in the transfer of energy
from storm clouds to the E region, we must understand that there is no fine
demarcation between the E region and the upper atmosphere. It is known that the
air between the E region and 5-8 Km from the ground is ionized by cosmic radiation
and for this reason the conductivity of the air at 15 Km from the ground is so great
that it is practically at the same potential as the more highly ionized E region some
70 Km above.

Discharging Clouds and E Region Ionization
With the evidence presented in this paper, together with what is already

known concerning the origin of the fine weather potential gradient, it is now suggested
that many ordinary cloud formations, not necessarily accompanied by lightning,
contribute to the energy which maintains the E region potential. Frenkel (7) has
made the same suggestion but, up till now, there has been no experimental evidence
to support it. It would seem that these clouds are capable of discharging energy,
not only in the form of a continuous conduction current, but at regular intervals
upwards to the E region. Upon reaching the E region, which is already ionized
mainly by solar radiation, the energy so released intensifies this ionization. The
increased density of ionization is then capable of reflecting radio waves at frequencies
which would normally have penetrated the regular E layer.

Let us consider in more detail, and with the aid of Fig. 8, how such a mechanism
could operate.

The column of ionized air, between the E region and the cloud, may be likened
to a gas discharge tube. As the charge across the capacity formed by the E region
Ind a charging cloud reaches a critical striking potential, an ionization current
flows upwards to the E region until the potential across the capacity falls below the
critical value.

The regeneration of the charge across the capacity is a function, then, of the
capacities and resistances in the system, and upon the rate of potential generation
of the cloud. Provided that all these factors remain constant, the critical striking
potential will be reached at regular time intervals.

Gish (9) states that the relaxation time of charge -cloud regeneration has an
average value of about 5.0s. This statement lends considerable weight to this
present theory, for, the experimental evidence indicates that the relaxation time
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connected with charging and discharging clouds has an average value of the order
of 4.0s. This average value is based upon an analysis of 100 time -spacings of triple
and quadruple trains of bursts selected at random.

The energy flowing to the E region from these discharging clouds causes short-
lived intensification of ionization, and is then conducted away to fine weather areas,
where it leaks away by conduction through the air to the earth. The circuitequilibrium is then completed by lightning discharges between ground and cloud
and by point discharges from ground to air.
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FIG. 8
Mechanism of Cloud Discharges.
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No explanation has been given in this paper to account for the fact that alightning flash, occurring in the lower atmosphere, can be rigidly related in time torecurrent cloud discharges in the upper atmosphere. Any explanation for this eventmust, for the present, be mainly guesswork, but it is possibly due to the need foran emergency establishment of potential equilibrium at an instant of particularstress, brought about by an upward discharge of energy from the cloud to theE region.
The clicks recorded by the static receiver and shown in Fig. 4 (f) and (g) areinterpreted as being evidence of the change in electric field when cloud to E regiondischarges take place. Although no rigid correlation between clicks and radio waveimpulsive bursts has been found under the present conditions of test it is probablethat this correlation would be found if the clicks were observed immediately beneaththe reflection control point.
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The theory which has been suggested to explain the recurrent ionization in the
E region, in terms of cloud impulsive discharges, is most probably an over-
simplification. Many details most certainly remain to be filled in, but, if it is accepted
as fundamentally correct, other things immediately fall into place.

The theory provides, in the first place, a much -needed explanation for
ionospheric impulsive scatter which, in the past, has been attributed mainly to
meteoric activity and irregularities in the E region.

It is well known that meteors, as they enter the earth's atmosphere, produce,
upon combustion, a trail of ionization capable of reflecting radio waves up to fairly
high frequencies. These reflections last anything from a few seconds to several
minutes, and an experienced observer has no difficulty in identifying them by the
characteristic initial Doppler frequency shift with which they are associated.

In the author's opinion most of the ionospheric impulsive scatter and the
majority of impulsive bursts of signal received from the Kirk-o-Shotts transmitter,
during the daytime, do not have their origin in meteors. Meteors possibly contribute
no more than 0.1 per cent of these daytime bursts. This statement, for the present,
has no statistical backing, and it is based entirely upon aural observations over a
considerable period of time.

It should be pointed out, however, that some Doppler frequency shift does occur
on many of the signal bursts in a train. When these bursts beat with the background
signal the result is a kind of " grunt," and the indications are that there is a con-
tinuous frequency change, beginning at about 500 c/s, and ending at a few cycles
per second.

A curve showing the diurnal distribution of ionospheric impulsive scatter is
given in Fig. 9. This curve, marked " Ionospheric Impulsive Scatter " in the figure,
has been compiled from hourly data of ionospheric soundings on a frequency of
10.6 Mc/s recorded over a period of nearly two years, and represents the average
number of impulsive scatter echoes occurring in one minute for each hour of the day.

The curve, after Mauchly, in the same figure marked " Potential Gradient,"
represents the diurnal variation in the fine weather vertical potential gradient over
the oceans, averaged over 47 days in one year.

It will be seen that there is a most striking negative, or anti -phase, correlation
between the two curves.

Having good reason to believe that the fine weather potential gradient is
maintained by lightning storms and having demonstrated the connection between
cloud discharges, impulsive scatter, and signal bursts, it is reasonable to assume that
the negatively correlated curves mentioned above are rigidly related.

It therefore seems probable that most of the impulsive scatter must be due to
cloud discharges, with perhaps an exception to the rule in the early hours of the
morning ; this period is believed to coincide with peak meteor activity.

However, Whipple's diurnal curve of world-wide thunderstorm activity, not
shown in the figure, is positively correlated with Mauchly's potential gradient curve.
Why, then, should the impulsive scatter diurnal curve, be negatively correlated with
the potential gradient diurnal curve, when one would expect maximum scatter
activity at times corresponding to maximum storm activity ?

The answer to this question would seem to be that as the potential of the
E region reaches a maximum, as indicated by the potential gradient curve, the
potential differences between clouds and the E region become less ; in consequence,
the critical striking potential mentioned in the theory is reached less often.

The same explanation can be given for one of the important trends mentioned
earlier in the paper. This concerns the marked difference between mid -morning and
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mid -afternoon burst activity of the Kirk-o-Shotts transmission and similarly of
the impulsive scatter activity, see Fig. 9, where in both cases it is found that the
mid -morning activity is some two and a half times greater than in mid -afternoon.

Another marked trend has also been noted in that the daytime burst activity
of the Kirk-o-Shotts transmissions is considerably less in the winter than in the
summer. This trend is also seen in the winter and summer curves grafted on to
the Ionospheric Impulsive Scatter diurnal curve in Fig. 9.
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The summer to winter trend is almost certain to be influenced by two factors.
The first factor is the known difference between summer and winter lightning activity,
and associated cloud formations, over the British Isles, and it is therefore a relatively -
local effect.

The second factor is the E region ionization which is maintained by solar radia-
tion. This normal ionization, being greater in the summer than in the winter, is
more susceptible, in the summer, to increases of ionization by cloud discharges to
densities sufficiently great to reflect a radio wave of a given frequency than would
be the case in the winter.

Further evidence on the influence of this last factor is demonstrated by the
manner in which the impulsive scatter minimum activity is dependent upon sunset
times. This sunset effect is shown in greater detail in Fig. 10, where monthly mean
times of minimum scatter activity are plotted month by month against sunset times.

No corresponding effect at sunrise can be distinguished with any degree of
certainty.

" Step " Bursts
Having suggested the theory that short impulsive signal bursts are produced by
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sporadic increases of ionization in the E region, which are in turn produced by
electrical discharges from clouds, one can extend the theory to embrace other
phenomena brought to light by the experimental evidence.

It seems likely that the " step," or longer, bursts associated with lightning and
storm clouds, described in p. 47 and illustrated by Figs. 5 (a), (c), (d), (e) and (f),
may be explained by a slight modification to the theory.
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If the charge rate of a cloud is greater than the discharge rate of the capacity
between the E region and the cloud, the potential difference over this capacity will
never fall below the critical striking potential of the ionized column of air ; therefore
there will be a continuous ionization current in the upward direction from cloud
to E region, where the energy so transferred would almost certainly cause the same
ionization as has been shown in connection with impulsive discharges, until such
time as the cloud generator relaxes, or fails altogether.
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Atmospheric Electricity and Sporadic E
In the introduction to this paper it was stated that it had been shown that

impulsive scatter, together with a residual ionization of the E region, could produce
coherent and sustained weak signals at long distances. We have discussed the
impulsive scatter aspect of transmission but, so far, we have not considered the
residual ionization of the E region, or given an explanation for its presence.

Is there a connection between atmospheric electricity and this residual
ionization ?

We have now good reason to believe that energy from lightning storms and from
ordinary cloud discharges is conveyed to areas of fine weather by means of the
highly conducting E region where it leaks away by conduction through the air to the
earth. it has also been demonstrated in this paper how the E region ionization is
temporarily intensified by this transfer of energy at a localised point of entry.

Is it not possible that this continuous residual ionization which has been noted
is, in fact, due to the flow of this energy from a disturbed area to one of fine weather ?

If this were so, it is but a short step to imagine that the occurrence of
sporadic E (Es) is due to an abnormally intense distribution current flowing from
a very disturbed area to an adjacent area of serene sky.

There would seem to be a certain amount of evidence in support of this line
of thought. Gish and Wait (8) have measured values of upward conduction currents
above thunderheads as great as 6.5 amperes. It is known also that in temperate
latitudes the occurrence of Sporadic E is mainly a summer time effect inasmuch as
it occurs from roughly April until September in the northern hemisphere, and from
October to March in the southern hemisphere ; these periods correspond to the
active storm periods in each hemisphere. In the equatorial storm belt, where
storms occur all the year round, Sporadic E is present most of the year in the
day -time.

It is furthermore known that Sporadic E occurs in localised areas not inconsistent
with the area which might separate a storm centre from an aj dacent serene sky.

Sporadic E reflections have been recorded from the Kirk-o-Shotts transmitter
on three occasions at Great Baddow. On one occasion there were lightning storms
all over England ; on the second occasion active storm centres had been present
over the North Sea and Holland a few hours earlier. On the third occasion very
active storm centres were over Northern France while a disturbed area, not actually
resulting in lightning, lay off the west coast of Ireland.

Bennington (2) has analysed the widespread occurrence of Sporadic E on
May 17th, 1953, which introduced serious interference from distant transmitters
into the London Television Service operating on 41.5 and 45 Mc/s.

He finds that between 1000 and 1800 GMT on that day there were considerable
areas of intense Sporadic E present over France, Switzerland, Germany, Denmark,
Holland and Southern England. There seemed to be a general north-easterly drift
of these areas from the Bay of Biscay towards Scandinavia.

On this particular day and at the times of Sporadic E activity a cold front
stretched from the Bay of Biscay to Scandinavia which gave rise to very active
lightning storms over France, Germany, Switzerland and the East coast of England.The storm centres had a general north-easterly drift.

At 1600 GMT there was a marked decrease in lightning activity ; the last flash
was recorded at 1900 GMT east of Brest. The last area of Sporadic E disappeared
shortly after 1800 GMT.
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It is evident, therefore, that widespread Sporadic E activity and widespread
lightning storms were both present, on this particular day, at the same time over
the same area. Furthermore the cessation of both forms of activity were reasonably
well synchronised.

Many other workers have suggested that thunderstorms do influence the ioniza-
tion of the E region. Ratcliffe and White (12) found some correlation between
thunderstorms and abnormal ionization of the E region but, later, Best, Farmer and
Ratcliffe (3) came to the conclusion that there was less correlation than at first
claimed. Nevertheless Bhar and Syam (4) found strong evidence in Bengal, a
position well suited to their investigations, that thunderstorms did, in fact, appreciably
increase the E region ionization above normal values.

The work described in this paper suggests that impulsive ionization bursts and
Sporadic E ionization are inextricably bound up one with the other. There is
independent confirmatory evidence on this point by the work of Appleton and
Naismith (15) who have provided evidence that impulsive ionization bursts are respon-
sible for some abnormal ionization of the E region but, whereas the present work
strongly suggests that the ionization bursts are caused mainly, but not exclusively,
by cloud electrical discharges, Appleton and Naismith attribute them to meteors.

Conclusions
There is an abundance of experimental evidence to show that atmospheric

electricity, and particularly electrical discharges from many types of cloud not
necessarily accompanied by lightning, is mainly responsible for the impulsive scatter
described by Eckersley. Furthermore the evidence suggests that partial ionization
of the E region by conduction currents of atmospheric electricity is possible. This,
together with the impulsive scatter, is probably the main mechanism by which the
very high frequency radio transmission over long distances, described by Bailey, is
supported.

From the meteorological point of view experimental evidence has been given
to show that the chief generators responsible for maintaining the vertical potential
gradient in fine weather areas, are some types of ordinary cloud and not necessarily
cloud which produces lightning.
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BOOK REVIEW
This book* is really an introduction to Radar for the semi -specialised reader who is interested

in Radar equipment, who wants to know what it contains and how it works. Rather too great
an emphasis is laid on the electronic side of the subject, for instance, a whole chapter is devoted
to the cathode follower, whereas the cheese aerial is dismissed in only ten lines ; yet five of the
six civil marine sets described in the book use cheese aerials.

The last chapter of the book occupies about one -quarter of the volume and gives descriptions
of contemporary British civil radar equipment. It is this part of the book which deserves the
highest commendation, as it is unlikely that the information found there could be easily obtained
elsewhere. It is regrettable, however, that the authors did not add a final integrating chapter
summarising the properties of these equipments. A few synoptic charts and tables could easily
have achieved this end.

The remainder of the book consists of 23 chapters and 3 appendices. This immediately
occasions the reader to recall the 27 volumes of a famous series on radar, and to wonder why
the bibliography given at the end of the book includes only volumes 1 and 6 of this series and
makes no mention of the remaining 25 volumes.

The general treatment is descriptive with a non -mathematical approach, although most
of the subject matter is basically mathematical and suffers from the attempt to avoid mathematics.
A profusion of circuit diagrams are given, but their usefulness is limited by the avoidance of
component values, operating conditions, valve types and the like. One realises that it is
impossible to be completely specific in these matters, but more general information would
facilitate understanding of the diagrams by the reader.

It is exceedingly disappointing in a modern book on the principles of radar to find no reference
to Fizeau's experiments on the velocity of light. Without doubt the modern pulse radar is an
electronic design of Fizeau's toothed wheel pulse generator and lens and mirror arrangement,
and his work was done in 1849 ! It is an interesting fact that Fizeau's radar range was 5.36 miles.

It is also unfortunate that no mention is made of frequency modulation radar systems.
The simplest of all radars, the Doppler -shift radar, is also ignored, although moving target
indication on a pulse set is briefly considered.

Another noticeable omission is radar beaconry, the art of using co-operative targets, a
technique as old as Fizeau's radar. To civil radar where the co-operative target can be a design
element in the system, the beaconry can be even more important than the radar. This is
particularly true in marine and air radar navigation, and it has been said that it is no use designing
a radar until you have settled its beaconry. A book on radar published in 1953 should not
avoid this subject altogether, as is done here.

In conclusion, the opening sentence of the Preface may be quoted-" This book assembles
and co-ordinates the principles upon which Radar systems have been developed, so that the
reader is given a rapid understanding of the subject," and the book may be recommended, if
not entirely for its theoretical treatment of the subject then for the wealth of information on
contemporary civil radar equipment.

* " Principles and Practice of Radar." H. E. Penrose and R. S. H. Boulding. Published
by George Newnes Ltd. Price 50/-.
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RE -RADIATION FROM RESONANT
SHIP'S AERIALS

By J. H. Moon, A.M.I.E.E.

One of the disadvantages of Marine M.F. Direction Finding, as compared with
other navigational aids, arises from the fallacy that it is essential to isolate all the aerials
in the ship when using the Direction Finder. The use of the Direction Finder may,
therefore, cause serious interruptions in the communication services as well as the safety
watch for distress signals.

Recent experiments have shown, however, that the majority of these interruptions
are quite unnecessary and this paper shows the relatively short distances at which various
types of aerial may be used without detracting in any way from the accuracy and
performance of the Direction Finder.

IN the early days of Marine M.F. direction finding, it was frequently noticed
that a direction finder which performed quite satisfactorily in the test room,
developed a number of non -uniform errors as soon as it was installed on a ship.
Some of these errors were found to be due to wire stays in the ship's rigging

behaving like aerials which received and re -radiated the incoming signals. In
consequence of this re -radiation, the signals arrive at the D.F. aerial from two
directions and so the normal D.F. minimum was displaced from its correct position
to a new balance point at which the direct and re -radiated signals were of equal
strength and opposite sign.

It was also found that the amount of displacement of the minimum was a variable
quantity which could not be calibrated because it depended not only on the relative
strengths of the two signals, but also on the physical relationship between the
transmitter, the D.F. aerial and the re -radiating stay. For instance, there could
be no displacement so long as these three were in line and, conversely, the maximum
displacement would occur when the re -radiating stay was at right -angles to the
line of bearing.

Similarly, the strength of the re -radiated signal would also be a variable quantity,
since it depended on the inherent ability of the stay to act as an aerial : and this in
turn depended upon its natural electrical constants, so that the re-radiation-and
the consequent displacement of the bearing-only reached its maximum when the
transmission frequency happened to tally with the natural resonance of the stay and
the stay itself was at right angles to the line of bearing.

As the magnitude of any re -radiation error must be the resultant of these two
variable factors, it cannot be measured and compensated as can the pure quadrantal
error which originates in the solid mass of the ship's structure. There is, therefore,
no means of dealing with a re -radiation error apart from eliminating it at its source,
and for this reason it is a routine practice nowdays to insert several insulators
in all stays and whistle lanyards, etc., which pass close to the D.F. aerials. These
insulators break the stay into a number of short lengths, each of which has a natural
resonance well above any of the D.F. transmission frequencies, and so they produce
no ill-effects in the direction finder.

In view of the foregoing considerations, it appears obvious that a ship's aerial,
which is specially designed to receive and radiate, will have a very serious influence
on the direction finder, and for this reason it has been the accepted rule for the
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past 25 or 30 years that all wireless aerials must be isolated whilst using the direction
finder.

The "Merchant Shipping (Radio) Rules, 1952," however, call for an uninterrupted
watch for distress signals on 500 Kc/s., either by the Radio Officer or by the Automatic
Alarm. The Auto -Alarm, however, is normally operated from the ship's main
aerial, which it tunes to 500 Kc/s. in order to achieve its maximum efficiency.
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D.F. errors on loo Kc/s in relation to spacing between the D.F. loop and the down -lead of a ship's main aerial
when the latter is also tuned to loo Kc/s.

The new rules therefore call upon a direction finder to produce accurate results
whilst it is literally overshadowed by a highly efficient aerial which, in the worst
case, will be actually tuned to the frequency that is being used to obtain the
D.F. bearing.

In view of this change in the rules it was decided to carry out a further
investigation, and this immediately showed that the instruction to isolate all aerials
was unnecessarily severe because the various tests clearly indicated that the
displacement of the D.F. minimum by a resonant aerial diminishes very rapidly,
as the distance between the aerial down -lead and the D.F. aerial is increased : andit is now safe to say that many ships which continue to isolate their aerials for
direction finding are quite immune from this particular type of error.

This fact is illustrated in Fig. 1, from which it can be seen that an error of 55°
with an aerial separation of 9 feet on one ship becomes almost negligible when the
separation is increased to 50 or 60 feet on another. In this connection it is interesting
to note that it is the vertical, rather than the horizontal limb of the aerial which is
mainly responsible for displacing the D.F. bearings.
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In view of these findings it would appear at first sight that the D.F. could be
made to comply with the rules by merely calling for a 50 -foot separation between
the aerials in all instances, but although it is true to say that this separation already
exists in certain cases and could be obtained in others, it is equally true that it
would be physically impossible-for one reason or another-to obtain anything
like the required separation on a large number of existing installations.

Conclusions
In view of the foregoing considerations, it is obvious that the new rules cannot

achieve fully their ideal of operating all direction finders without any interruption
of the communication services, although it is equally obvious that the previous
unqualified insistence on the isolation of all aerials was quite unjustified.

Since it is impracticable to comply with the new rules in all cases, the installations
may have to be graded into two or perhaps three separate categories such as those
suggested in the following table :-
Loop to Down -lead Separation Utilization of Direction Finder

Greater than 60 feet ... All frequencies without isolation of aerials

30 to 60 feet (particularly All frequencies without isolation of aerials,
where down -lead inclines but subject to individual test and approval.
away from D.F. aerial)

Less than 30 feet 200-315 Kc/s. without isolation of aerials.
315-800 Kc/s. all aerials to be ISOLATED.
800 to 4,000 Kc/s. without isolation of aerials.

(All subject to individual test and approval.)

It is, of course, possible that there may be a few cases in which the aerial down -
lead is so close to the D.F. aerial that it will be impossible to operate the direction
finder on any frequency at all without isolating the main aerial, but such instances
could be dealt with individually, so that in the course of time, all ships would fall
into one of two categories. The first category would permit independent operation
of the D.F. on all frequencies, whereas the second category would only allow
independent operation on Marine Radio Beacons (285-315 Kc/s.), and the interfering
aerials would have to be isolated when taking special bearings on other frequencies.
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AMPLITUDE -FREQUENCY

CHARACTERISTICS OF LADDER

NETWORKS

IN the Marconi Review, No. 108 (Vol. XVI, 1st Quarter 1953) an article appeared
entitled " Exact Amplitude Frequency Characteristics of Ladder Networks,"
by E. Green, M.Sc. Reference was made therein to a more detailed discussion

of this subject which was to follow at a later date. This has now been completed
and will be published in book form by the end of May, 1954. It will be entitled
" Amplitude -Frequency Characteristics of Ladder Networks " (pp. 164 with88 diagrams, price 25s.). The book is published in the hope that it will form the
first of a series of Marconi Monographs dealing with Telecommunication subjects
of contemporary interest. These Monographs will be introduced under the auspicesof the Marconi Review, and will be obtainable by application to :-

Technical Information Division,

Marconi House,

Chelmsford.

" Amplitude -Frequency Characteristics of Ladder Networks " deals with the
design of Ladder Networks to give desired exact amplitude characteristics. The
general synthesis of these networks to give Butterworth or Chebyshev amplitude
response in the pass band, dealt with in the first part of the book, is applied, in
the second part, to the design of normal filters, broadband valve couplings or couplings
between a transmission line and a reactive load. A full bibliography of the subject
is given and a foreword has been written to the book by Milton Dishal of the Federal
Telecommunication Laboratories, U.S.A.
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