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SUMMARY.

Observations of the R.D.F. stations with a field intensity
measuring set show that these field intensities are very wvariable.
Sometimes, when intensity variations occur, bearings taken only half
2 ginute later;, with spaced horizontal frames, change by as much as
10°,

The spaced frame system is free from polarisation error,
but is subject to Heiligetag error, due to the presence of two or
more rays of different azimuths, one of which is almost certainly caused

by very oblique reflection from refractive index discontinuities low down in
the atmosphere. 8o far as we have made experiments, vertically polarised

waves are much less affected. The fact that vertical polarisation is
much less affected than horizontal polarisation can be explained by the
theory of propagation of such waves over a curved and irregular earth's
surface, so that there is theoretical as well as experimental evidence
for the fact. The results are of practical importance in G.L. work,
for if the target is low dowm, and horizontally polarized waves are
used, there is a very considerable probzbility that the beariilg obtain-
ed is not correct, and guns using this bearing will be pointed away
from the target. The experimental evidence points to the existence

of such errvors in nearly horizontal transmission. They are probably
less as the angle of elevation increases. If the theory is correct,
they should be less over sea and over smooth ground, for the error is
produced only if the ground ray is distorted by irregularities, and
over sea there are no hills.

The results indicate that there is, for overland transmission,
a very considerable effect produced by glancing incidence reflections
from low-lying regions in the atmosphere, and that ultra short wave
propagation over the surface of the earth may be very severely modified
by such effects, and cannot be accurately calculated or allowed for
unless the meteorological observations are sufficient to give the
changes of refractive index in the atmosphere. These effects may
produce excessive ranges, echoes at distances well beyond visual range,
spurious echoes in R.D.F. work, and deviations in the bearings of the
targets, which ought to be accurately determined by this radio location
work.,
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INTRODUCTION .

This research originated in an endeavour to find out something
about ultrs short wave propagation. It had always been assumed that
when such & high frequency was used, there was no reflection from the
ionosphere, and the transmission through the atmosphere would be perfect.
This implies that the rays through the atmosphere would follow straight
lines, and that there would be no errors in direction finding. 1 had
considerable doubts about this - doubts which have since been amply
justified. Meteorological observations show that the air is not of
uniform refractive index, and that there are layers, roughly parallel
to the earth's surface, in which there may be rapid changes of this,
and these layers produce violent effects upon transmissions which are
very obligue or nearly parallel to the earth's surface or the surfaces of
discontinuity. These tropospheric discontinuities are often produced
by teuwperature inversions, and although the changes are mainly in the
vertical direction, there may alsc be clouds. A search for directional
variations was therefore made, and in order to do this, a perfect
direction finder had to be used, and one that was free from polarisation
error, which may assume considerable importence in overland transmission
on these waves, ‘Suitable transmitters were found in the chain of R.D.F.
stations, which send out horizontglly polarised waves. The direction
finder had therefore to be arranged for horizontal polarisation, and to
obviate polarisation errors, had to be of the spaced aerial type. Two
horizontal loops were therefore attached to each other by a rigid tube
horizontal feeder, which rotated about a central vertical axis which
was also a tube, and supplied a receiver below, the H.F. part of which
rotated with the whole system. An appendix shows the complete instru-
mental make-up of the direction finding set. With this arrangement, bearing
errors were sought, and in order to make the experiment more definite,
field strength measurcments were made simultaneously. These field
strength measurements were made on a T.M.E. type 14 Marconi field strength
measuring set, which covered the frequency range referred to. The R.D.F's
were mainly on frequencies of 22 and 27 mc/sec, but measurements have
also been mede on local horizontally polarised G.L. stations, as well as
on vertically polarised transmissions from Daventry and near Haslemere.
A1l the transmissions were of the impulse type, and very high powers were
usually used. Measurements of the field strength were compared with
theoretical values, and the research therefore consisted of a comparison
between the observed and calculated field intensities.

Bearings and field strengths could obviously be modified by
tropospheric gradients and discontinuities, and very considerable changes

were found. Many hundreds of observations were made by the W.R.N.S.
personnel using this apparatus. Samples of the observations are shown
in Figs. 1 - 9, These curves are rather striking, especially in the case

of transmissions from the R.D.F. station at Colchester (Figs. 1 and 2) and
perheps this will be considered as a good example for the purposes of expla-
~-mation., On guite a number of occasions during the periods in which the
observations were made, i.e. between the hours of 8.30 to 5.0 B.S.T. in the
daytime, sudden changes in the bearing were associated with sudden changes in
the field strength, which, in the case of Colchester, were practically always
a sudden increase of bearing associated with a sudden decrease of field
strength. The curves of field strength and bearing were therefore almost
complete mirror images of each other. These sudden changes may cccur in a
period of half a minute or so, and are therefore very sharply defined.

Observations were taken every half minute, so that there may be
as much as 109 difference between one observation and the next, as well
as a difference of the order of 20 decibels in the field strength. The
Observations have covered a period of about six months, and during certain
times, the discontinuities or irregularities were much more marked than at
other times, and these were generally in disturbed meteorological conditions.
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(Disturbed conditions Figs. 1 - 7; normal conditions Figs. 8 - 9).
Simultaneous observations were made on the bearing of two different R.D.F.
gtations, together with the field strength of one of them, to see if the
changes in the two were associated. (Figs. Ly s 4.) About ten R.D.F.
stations were observed, and all these showed the same effect in varying
degrees., Usually the effect on the more distant stations was less than
that on nearer ones. The mean bearings of the stations were usually fairly
correct, and could be used as a means of identification, but the site was
not ideal, and the instrument was probably not perfect, so that some system-
atic errors were no doubt present. Similar effects were observed in

the short distance transmissions from the G.L. station at #Writtle and

one a few miles due north of us. These also used horizontally polarised
transmitters and frequencies between 95 and 70 mc/sec. These higher
frequencies also showed the effect (Figs. %% By The On August 3rd, 1942,
the aerials were changed from a horizontal position to a vertical one, and
observations were made on the 49 mc/sec vertically polarised G transmissions
from Daveniry and Nr. Haslemere. These transmissions do not seem to show
the sudden end large changes of bearing that the horizontally polarised
transmissions do, and so far, with vertical transmission, we have not
observed the anomalies which are associated with horizontal transmission.
But we have not yet had a vertical transmission over a short distance,

where the effects are likely to be at their greatest, at least by

analogy with the horizontal polarised transmissions. We therefore

intend to supplement the experiments by having a vertically polarised
transmitter at Stock which will be similar to the horizontally polarised
transmitter at writtle, and only differ from this in its polarisation.

It is also desirable that the research should be extended to the shortest
waves usable, and 10 centimetre measurements of the same type will be made
in the near future. There is evidence that such transmissions do not suffer
from the big lateral deviations that the longer waves suffer from, but

this should be checked experimentally. The regult obtained will be of
considerable importance for G.L. work, because if large errors are

obtained in nearly horizontal transmissions, the G.L. receivers will not

be able to determine the position of the targets, especially if these are
low-flying aeroplanes and the ray path is nearly horizontal.

EXPLANATION OF THE SUDDEN CHANGES OF BEARINGS AND FISLD STRENGTHS.

The station at West Bromley, near Colchester, which may be used
for purposes of explanation, is 42 Kms. from the receiver at Baddow, and
even though the transmitter may be at a height of 100 metres, the receiver
at 5 metres height is beyond the visual range. Anyhow, it cannot be seen
from Baddow, so that hills at least will put it in the shadow. A trans-
mission from such a station probably consists of two parts: (a) the direct
ray over the surface of the earth which probably passes along a geodesic
between Colchester and Baddow, and (b) a possible reflection from a tropos-
pheric layer. The geodesic between the two stations may not, on account
of hills and irregularities, remain in thc vertical plane containing the
transmitter and receiver. If the tropospheric laycr is uniform, and parallel
to the mean earth's surface, the reflected ray path will lie in this
vertical plane. The dircction in which the geodesic srrives at the
receiver and in which the reflected ray azrrives may not be the same, espec-
" ially if the geodesic, like a thread, has to pass round hills. There is
indication that in this transmission from Colchester, the geodesic, which
has to pass south of Dambury Hill, is deviated from the strzight path, so
that the bearing of the ground ray is considerably greater than the true
bearing. Two simultaneous signals will arrive at the receiver by two
different paths which have not the same azimuth, and since the two sigznals
are derived from the same station, they are synchronised, of course, in
freguency. We have, in this case, therefore, & similar state of affairs
as that discussed in "Synchronous Stations", which was that of two synchronised
stations of different azimuths. It was shown, in this paper, that in such
conditions, very large bearing errors may be produced, oving to the inter-
ference of the two rays, und that when thise two rays do interfers, producing
& chenge in field strength, they will also produce 2 chenge in bearing. This
accounts for the fact that changes of bearing and changes of field strength
occur simultaneously.



& m

A rather vague gqualitative theory like this needs a numerical
backing before any certainty is achieved. The bearing of the statien
at Colchester (nearer Great Bromley) is 590. The direct or geodesic
ray is distorted, and has a bearing nearer 72 . This has been checked
roughly with the help of & relief map of Essex, which shows that the
geodesic ray has to pass round the south of Danbury Hill, and is there-
fore considerably distorted. The actual bearing of the station when
there appeared to be no tropospheric reflections, (or these were smallo
so that the mean strength and bearings were undisturbed), was about 72 .
This deviation is not instrumentals A check on the instrumental
behaviour was made on a small transmitter with a horizontal aerial,
and it was found that at short distances the directional aerisl receiver
gave the correct bearing. There secems therefore, to be evidence that
the ground ray over the surface of the earth is actually distorted about
13, The undistorted condition from which the true directiem of the
bearing was obtained was judged in the following manner. It was observ-
ed that in the records of the bearings, these remained steady for &
considerable period, and thet then, suddenly, in the course of half a minute,
there were large deviations of bearing and strength which lasted for a
minute or two, or sometimes up to ten minutes. It was judged that the
ateady bearing represented the andisturbed condition. This bearing was
not quite steady, probably owing to minor reflections from the troposphere,
but & well defined average of 72  could be obtained, which therefore
probably represented the actual bearing of the geodesic. VWe therefore
have two rays from the transmitter, one with a bearing of 59° and the other,
probably stronger, of 729, The median line is in & direction of 65%°,
and since the geodesic ray is probably stronger, &ll the bearings, as
gshown in my paper on Synchronous Stations, will be between 65%9 and 155%0,
i.es in the guadrant of z dominant ray. When these rays interferg it
must be that the reflected ray is in opposite phase to the ground ray, so
that the signal in these sudden irregular conditions is much reduced.
In these conditions the bearing tends to a definite limit, which is actually
greater than the mean bearing and even greater than the geocdesic bearing.
The wvalue of this limiting angle, which occurs when the two rays are in
opposite phase, is given by the formulas-

tan® = l1l+r tan  ef
l-1

where © is a deviation of the bearing from the median line, 2« is the
zngle between the true direction and the geodesic direction, and r is the
ratio offfhe reflected to the direct signal. Since the signal is

suddenly decreased by 10 to 15 dBs or so, so that (1 +r) 2 (1 - r) lies
between 2 and 9, the limiting bearing which must always increase at

the moment of reflection or discontinuity must lie between 78° and 130

if the phases are correct, This actually is what almost always does
happen, 2 sudden decrease in the strength being associated with a

sudden increase in the bearing which may increase ten or more degrees

from the normel bearing 72°, slthough 2 range as great as 130° has not

been observed. It therefore seems that this is an adeguate explanation,
since it agrees numerically with the results observed. Since it

appears probable that the reflected ray is in opposite phase to the

direct ray, the height of reflection must be small, If the tropospheric
leyer has a sufficiently big chenge of refractive index, then on reflection
the phase is unchanged, znd it requires that the path on reflection should
not be apprecisbly different (about A/2 from the geodesic path) which

only occurs when the height of reflection is very small. Although =
decrease of strength is,in the mejority of cases, associsted with an
increase of bearing, it has been observed that on a few occasions there

is a decrease of bearing associated with a decrease of signal strength. This
will happen when the phase of the reflected ray is not too far from the
phase of the geodesic ray. At greater distances, the relation between the
sudden changes of bearing end the change in field strength becomes less
marked, because the transmission is of & more complicated nature and changes
of phase are not definite and are almost accidental. Similer changes occur
in transmission on azbout 65 mc/s, in which again there are occasions when
the sud@en increases of bearings are asso.iated with sudden increases of
signel intensity.
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There are some occasions on all freguencies when the bearings are guite
steady within the limits of experimental error, and other occasions when

the bearings and the field strength are hoth very unsteady or variable,

but in which there seems very little relation between the field strength

and the bearing. A statistical analysis of the large amount of material

hat we have obtained shows that irregularities occur during 43% of the

time, and seem to be more or less equally prevalent on the 65 me/sec trans-
mission and the 22 and 27 mc/sec transmissions. The evidence we have obtained
so far, althouch incomplete, suggests that vertical transmissions do not
suffer from these sudden changes of bearing in the same way that horizontally
polarised transmissions do. The evidence is obtained from the observations
of the 49 mec/sec transmissions from Daventry and Haslemere, in which the
changes of bearing are more or less confined within the experimental error.
These changes do not seem to me to be significant. But this is a long
distance transmission, and is difficult to compare directly with the short
distance horizontally polarised transmissions, and it may be that the
failure to observe sudden large changes of bearings is due to the large range.
Observations on short range vertically polarised transmissions on the G,L.
wave=length of 65 mc/sec or so, with the help of the proposed transmitter at
Suock, will help to clarify the situation.

ROLATICH.: BETJEEN THOSE RESULTS AND EETEORCLOGICAL CBSULVATIONS.

This type of transmission varies a great deal from time to
time. Sudden changes on Colchester bearing and fisld strength were
particularly marked in the period between 13th and 20th April, 1942 (F'g.2).
In this period, the meteorological charts showed rather excessive
temperature inversions, at a low height, and there were many recports-of
spurious echoes from ¢,L, and C.H.L. transmitters. It seems probable that
during this period there were well defined layers znd clouds of varisble
refractive index, and that these clouds, possibly produced by temperature
inversions, were sufficient to give spurious echoes. The meteorological
information given by these directional measurements is very much more
comprenensive than the information given on the ordinary charts, which
does not allow for the rapid chonges which may occur in other locelities
and at other times of the day. Ouy results, therefore, mey be of
use to meteorologists, indicating &s they do, in greater detail, the
changes in the aimosphere that may occur. There mey be some difficulty
in interpreting the results, as they do not give directly the qualitics,
such as temperature and pressure, which the mcteoroclogist likes to play with;
yet they may be of value.

There ie also a sound theoretical reason why the vertical
transmission should be less crratie than the horizontal transmission,
This is connected with the attenuation of horizontally and vertically
polarised rays. Thus, as & ruley, the horizontally polarised ground
rzy is more attenusted than the vertically polarised one, and the
reflection at the tropospheric layer is likely to be the same for
both. It thersfore follows that the horizontally polarised ground ray
is smaller in oroportion to the rcfloetcd ray then the vertically
polariscd ray is. The result is that the reflccted ray, which produced
the erratic bearings, is more prevalent in the cese of horizontal than
in the cnse of vertically polarised transmission. W2 have thercfore
to consider in what cases the horizont:1lly polarissd ray is more attenuated
then the wertically polarised one. This ratio is a function of many
quentities, in particular the wevelength, the heights of the transmitter
and receiver, the ground constents ~nd irregulerities such as hills.

In the particular case we are comnsidering, which is a
transmission over land on 22, 27, and 55 mc/sec. there is practically
no differcnce between horizontally ond vertically polarised rays for
tronsmitters snd receivers which zore more than § metrcs above the ground,
(on the zssumption that there are no hills). The sems is truc of cver-sca
tronsmission if the freguencics are greater thon 600 mc/sec. or 80, Thus
in the tase of overlond transmission, there is really no dsserimination
betwoen horizontally -nd vertically poloriscd reys, unless irregularitics
are token into smccount. Hills with o radius of curvaturc of the order

L
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of 50 Km. can produce a profound effect, Thus, such a hill will produce

a difference between horizontel and vertical polarisation the same as that
in transmission over the earth of frequencies of 0.6 mc/sec. s (or wave-
length of 500 metres). In this latter case, the difference in transmission
of horizontelly and vertically polarised waves is very significant. On

the whole, on short waves hills favour vertically rather than horizontally
polarised waves, and this is borne out by the observed facts.

ANATYT, T5 Of Tio PROPAGATION OF HORIZONLALLY POLACISED WAVES,

Horizontally polarised waves on frequencies between 22 and 70°
me/sec. have been observed, and their directions determined by means of the
spaced frame apparatus, their field strengths being measured by the T.M.E.

14., The stations observed were all of the pulse type. Some were the
R.D.F. stations on 27 and 22 mc/see, others were the R.D.F. stations on 50

to 48 mc/sec. and finally there were G.L. stations between 55 and 66 mc/sec.
Two of these latter, anyhow, were within a few miles of us. The R.D.F,
stations were &ll within about 150 Kms of us, and belonged to the chain of
hig R.D.F. stations round the east and south coast. About eight of these
were observed on the longer waves, and three or four on the shorter waves,

and it was always possible to identify them by means of their bearings and
frequencies. The G,L. transmitters could be separated from the others

in virtue of the fact that their repetition frequency was very much higher than
that of the R,D.F's, which had a2 repetition frequency of 25 cycles per second.

THE PROPAGATION CF THE LONGER R.D.F, WAVES.

We now have information as to the position of the R.D.F. stations
that we have measured, so that we oan compare the measured bearings with the
true bearings, and the measured field intcnsities with the ocalculated ones.
Table 1 shows the positions of the stations observed, the frequencies they use;
their true bearings, and the field strength computed on the assumption that
the serials use 200 K.W. that they are 100 metres high and that the receiver
is about 5 metres high. The first set of observations was made from Nov,
20th 1941 to Feb. 1lst 1942, but field strengths were not measured., It will
be observed that we received about cight out of the 12 stations within 100
miles of us. The bearings are relatively correct, except for the more distant
stations, and for West Bromley, near Colchester. On the stronger stations,
excepting West Beckhum and High Street, near Halesworth, they are within about
3 of their true bearings. ‘The true besring of #est Bromley, is 59Y: The
average observed bearing, andisturbed by tropospheric reflections, is T2,
and this iz probably, as sugzected previously, the geodesic bearing. It is
in virtue of the two rays with different azimuths, that we get the audden
ohanges in the bearing of Colchester associated with sudden changes in strength.

Later simultancous measurcments of field strengths and bearings
were made, and records of these have been obtained up to June 1lst, 1942,
During this period, the bearing and the field strength of Colchester have
again been found to be particularly varisble, but this is not the only
station that is variable, anc the results of these measurements are given
in table II. Here the strengths, as well as the bearings, of the stations
arc recorded., In these observations, attention has mostly been centred on
West Bromley and Rye, although a few bearings and field strengths from
other stations have been obtained.

The results of the mean bearings show, agein, that Rye is very
nearly its calculated value, that West Bromley has a bearing of 729, and
thet the field strengths, although very varisble, compare very favourably
with the calculated values. Thus the field strongth of Rye, of which
we have meny values, although varying over a large range, is, on the _
avorsgc, 27 dBAuV/m. Morsover, its caleulated valuc is, again, of the



szme order, viz: 29.5 dB/l/uV/m. The mean value on Cclchester of the
field strength is rather less thon what it should be, but I think

that if the upper limiting velucs are teken for the undisturbed periods,
it will be found that the measured field strength is close to the
calculated valus. It is thus as if the correct valuc were given

in undisturbed conditions, =nd the disturbance, on sccount of the
interference of the two waves, is always less than the true value

for short distances.

Sudden chenges, which msde the bearing curve almost exactly a
mirror imege of the fisld strength, weres espcecially marked between the
13th and 20th of April., We have reports on the C.H.L. systems that
spurious echoes from supposed clouds in the tropospherc werc particulerly
merked also in this period. An examination of the meteorologiczl charts
shows temperature inversions at rather low heights, but an analysis of the
M charts alone would not indicatec when these disturbances were to be
expected.

It is therefore probable that clouds and atmospheric discontin-
uities a2t & low hei ht were prevalent during this period. Even though
the correspondences and the sudden variable bearings are particularly
marked, then they are not confined to this pcriod zlonci and it would appear
thet about 43% of the runs, which cach took ebout 40 minutcs, were disturbed,
There seems to be sglways 2 fairly hizh probability that the bearings from
Colchoster will be distorted. No observations have yet becn made at night
time, and there is no rcason to belisve that they will be essentially
different from those made during the day. It was thought possible that the
simultanecus changes of bearing and field strength might have been produced
by bad contacts in the hut in which the measurements were made. Observat-
ions were therefore made with a local transmitter, which showed no sudden
changes, and therefore suggested that the changes were a real, and not an
instrumental, effect. Observations were also made, as nearly as possible
at the same time,; of the bearings of two different R.D.F. stations, and the
field strength of one of them, to see if there was any correlation
between the bearings observed and this fisld strength, i.e. whether
a cloud affected the two stations simultaneously; and on a certain number
of ocoweions, of which examples are shown, the two stations underwent
a sudden simultaneous change of bearing. Such a eimultaneous change
(Figs.l, 3y 4) of bearinz of two different stations, is, however, rather
& rare occurrency,but it does sug-est that there are occasions when a
tropospheric cloud covers both paths, and can procuce a simultancous bearing
change. A greal nany observations would be reguired to determine the size
of these tropospheric clouds.

SHORTER JAVES,

eT

High/ frequencies than those already observed have been
subjected to tests. These include K., D.F. transmissions, mainly on 48
mc/s, local G.L. transmissions on 55 and 66 mc/s, and vertically polarised
waves from transmitters at Daventry and Haslemere., These measurements
were made on vertical transmissions from G stations. The horizontally
polarised waves on these frequencies showed the same charactepistics as
those of lower frecuencies, which have already been discussed. That is
to say that the nearer stations show sudden changes of bearing associated
with sudden changes of {ield strength. This was particularly marked on
the G,L. stations, one of which was at 7rittle and another at New Hall,
Nr., Boreham, which is only s few Em. from our wecsiving station at Great
Baddow,. These stations, as stated before, show just the same features
as were so marked in the transmissions from Colchester, but the effects
were most marked on the short distance transmissions - a good deal
shorter, in fact, than the previously discussed transmission from Col-
chester. = The ranges were only a few Im., and the mechsnism by which
these simultanczous changes in bearins and field strength were produced is,
no doubt, similar to that mechanism by which the Colchester veriations
were proauced.




As in the previous case there were periods during which the
deviations were much more violent than usual. Thus, on the 25th of
June and the 24th of July, 1942, the variations were particularly marked.
lMeteorological observations show no essential difference on these days.
A careful local examination of the atmosphere up to heights of a few
hundred feet is required, and this should be made so that sudden changes
coincident with the D.F. changes will be recorded.

The station mainly observed was the G.L. station due north
of us, of which 32 observations were made, and a really well defined mean
bearing of 180.8° was obtained. The field strength on this station was
very variable, and changed at times as much as 20 dB. The mean upper
limit of all the readings was 58.5 dB, the mean and lower limit being 50 dB
and 40 dB respectively (See table III).

Two R.D.F. stations were also observed, one at Rye, near
Winchelsea, and one at Bawdsea, and these gave, for Winchelsea, a mean
bearing of 164.7° and for Bawdsea 58°. Table III gives the bearings
and field gtrengths observed, It is probable that thereois a correction
of about 37, and that on this fregquency the D.F. reads 3 low.

Vertical polarisation results are rather in contrast with those
for horizontal polarisation, tut as these are for long distance trans-
missions, it may be that the stecadying of the observations is the result
of this long distance rather than the result of vertical instead of
horizontal polarisation. Anyhow, the field strength did not vary more
than 4 or 5 dB and thec bearing variation was omly 2 or 3 degrees,; and
was probably within the errors of experiment. The previous results show
that bearing deviations are just as prevalent on these higher frequencies
of 40 to 70 mc/s as on the lower frequencies of the order of 22 to 27
mc/ﬁ and are due, almost certainly, to reflections from laycrs of
discontinuity in the troposphere. They also indicate that vertically
polarised transmissions are less affected than horizont:lly polarised ones.

Further experiments are required to make those conclusions quite
definite because, for example, short distance vertical transmissions
have not yet been cbserved. Nevertheless, it is quite certain that
horizontally polarised rays are badly distorted, so that transmissions
along the surface of the carth may be very much in error. It is probable
that higher angle transmissions are less affected, but what the law of
error with angle of elevation may be cmnot be exictly stated until we
know more about the variation of refractive index with height. It is,
however, probable that even low angle G.L. chbscrvations will be somewhat
in ¢rror, and it is essential that vertical polarisation transmissions
should be tried; to sce if they are less subject to error.

GENERAL .

Thesc researches have indicated that tronsmission on short waves
is difficult to D.F. and probably does not takc place along straight lines,
as it would do if the lower atmosphere were uniform and ideal.

Direction finding is difficult because of the interference of
waves over the carth by waves roflected from tropospheric discontinuities
or clouds. The results are of consider-ible practical importance, because
they show that accurate D.JF. of nearly horizontal rmys is very difficult.

The practical conclusim we may draw is that a G.L. system
may not indic:tc thc true dircction of the target, cspecially when this
target is an acroplane flying very low, so that the path betwec% the
G.L. and the asroplanc is very ncarly horizontal., Eirors of 10 or
more take plice when the ray is completely horizontzl; and there is
certoin to be some error cven when the roy is not quite horizontzl and
the target is well above the earth, How this error viries as the angle
of elevation of the ray increascs, cannot be deduced unless we know
the vertical change of rofractive index, but thore can be no doubt
that somc ¢rror will rocmrin when the angle is small but not zero. Tue
errors occur if the direct ray over the surface of the ground is not

straight, or if the reflection from the cloud is, again, not straight.

O,
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Thesc errors only occur if the two rays have not the same agimuth, and we
cannot be sure, from these experiments, whether all the curwveture is produced
in the ground rey, or whether the tropospheric clouds are irregular enough

to produce curvature in the rcflected ray. In the latter case, there would
still be some error, even if the ground were not there, or if the ground were
perfectly smooth., Thus, oversea, for instance, an error would be possible

in this case, but it would not be present if the reflecting surface were
perfectly uniform and had no horizontal gradients. In any case, it is
probable that the errors in oversea transmission are very much less then those
over irreguler ground, but it is still guite possible that they may be
appreciable. Further experiments are required to settle this point.

If the explanations are correct, and I think that there is very little
doubt that they are so, the cbservations give us a clear undcrstanding of very
short wave propagation. The results show that in overland propzgation there
are very large variations of both intensity and bearing. From the simultaneity
of these changes, we can deduce, with a fairly high degree of probebility, that
the waves do not behave, in the region above the ground, as if they were
propageted in streight lines in the free ether but as if they were reflected
from regions where vertical discontinuities in the refractive index of the air
ere sufficient to make a good reflecting surface when the ray angle of
incidence is small.

Unfortunately, it is not easy to deduce what these changes of
refractive index must be in order to produce the effects observed. Alternative
explanations are possible, but it is suggested that the regions of reflection
ere low (possibly e few hundred feet). Otherwise, in short distance trans-
missions, the angle of attack of the rays at the tropospheric discontinuities
would be too large for apprecisble reflection, and if the earth were smooth
(no hills) and the distances 8 km, and <:1/2D were needed for appreciable
reflection, h would be about 20 metres or less. In any case it would be low.
The observations also show that horizontally polariscd waves are much more
subject to variations than vertically polarised waves, and tilc ciusc of this
is the irregularity of the earth.

If there are hills or irregularities which cast shadows onto the
receiver, the ground intensity at the receiver is .considerably less for
horizontal than for vertical waves., The reflected waves which cause the var-
iability in signal intensity and bearings are relatively greater for horizontal
than for vertical waves, hence the greater variability of horizontal waves.

ITf the ground irregularity is the major factor in bearing distortion -~
as is suggested by the Colchester transmission, where the bearing of the ground
ray is 13° too high, - these effects should be very considerably reduced in
oversez transmission and may not even be apprecisble. The use of very much
higher freguency weves than those investigated in this report makes the difference
between H. and V. waves less, and probably reduces the irregularities, bccause
the reflecting surface is rather rough for thcese very short waves, with little
reflection, znd relatively smooth for the longer waves.

The bearing errors are very much exzggerated by the interference
of two waves of different azimuths.

In overses transmission, the ground wave azimuth is probably very
nearly correct. This exaggerated error effect can then only be due to
horizontal irregularities in the tropospheric reflecting surface., As yet
we have very little information zbout this.  Further experiments are required,
and we need to tramslate the radio results into meteorolggical results, which are
sadly deficient in giving the local low level changes, which greatly affect the
radio transmissions.

The possibility of long distance transmissions, that is trans-
missions beyond the visual rangc, can eesily be calculated when the vertical
gradients of refractive index are known,



- 10 -

The phese integral method is exactly applicable in this cese when the
vertical gredients are known, and if the change of phase at a sharp gradient
is glso knowm,; it will then be only a metter of rather laborious mathematics
to calculate how energy trapped between the earth and an upper layer in the
troposphere will travel., But a good deal of guesswork is required to meke the
calculation definite, for the distribution of refractive index must be fairly
exactly known, and cen now only be roughly guessed.

The results obtained might be used for indicating when spurious echoes
are likely to be present, but certainty cannot be achieved, as local conditions
here are unlikely to be identical with the conditions at the G.L, and C.H.L.
stations.

Thus it seems that there are likely to be clouds which give spurious
echoes, but the existence of a2 cloud here (which we can deduce from our D.F.
experiments) will not tell us, for exemple, whether or not there is a cloud
giving spurious echoes at Happisburgh'say.

APPENDTIX.

o o s e s e O i e B it

ESCRIPTION OF EXPERTMENTAL U.H.F. SPACED LOOP
DIRECTION FINDER.

--------- O s g

General.

The spaced loop direction finder, whose salient features are shown
diagrematicelly in the accompanying drawing, was designed to work from 20 mes.
upwards, to assist research in U.H.F. wave propagation. It will be seen from
the drewing that the aerial erd input circuits are quite simple. (Fig.l4).

The two loops, which can be fixed vertically or horizontally, are
paralleled at the centre of the spacing feeders, in such a way that their outputs
oppose eech other when they sre equally phased. The resultant output is taken
to a closely coupled screened and balznced transformer, across whose tuned
secondary is connected an acorn pentode amplifier. The latter has a tuned
anode feeding an X.62 frequency chznger modulsted by an acorn triode oscillator.
The freguency changer supplies & 10 mc. wide-band intermediate frequency
amplifier, followed by a diode detector and K.T.61 output stage working phones
end a small cathode ray tube. The latter is connected to a 25 c.p.s. timebzse
locked to the supply mains.

The input transformer, H.F. amplifier, local oscillator and frequency
changer are enclosed in & screening box rotating solidly with the aerial.
The mecessary supplies and I.F. output are taken through flexible cables to a
stationary power pack and I.:. amplifier respectively.

Technical Details,

The spacing of the loops when vertical is 3.8 metres, and when
horizontal, effectively 4.8 metres. Thus sccondary minima occur at frequenc. es
higher than 79 mcs. when loops are vertical, and at frequencies higher than
62.5 mes when loops are horizontal, The loops are 1 metre square and made
of 3/8" diameter coppsr tube.

The horizontal feeders connecting the frames consist of a 1.7/8"
diamcter outer copper screen enclosing two conductors of narrow copper
braiding spaced 5/8" apart and tensioned by smell springs. The feeders have
& characteristic impedance of about 415 ohms., and terminate in a screened
parallcling box on the central supporting pole. The latter is & steel pipe
of about 2" internsl dismmeter containing a two-wire feeder connected as shown
in the drawing, and similar to the feeders already described.

. Two input transformers are necessary to cover the frequency range 20
to 66 mes., which is the successful working rengs of the epparstus up to the
present time, Details of the transformers follow:-
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sformer Tanse. Primary Secondary Coupling Approx.
Inductance, Inductance, - Coefficient, Liameter.
Sl) 20 - 37 me/s. 9 uH E6 turnsg 2.1 pH (9 turns)  61% in
(2) 30 - 66 me/s. .3 pH (4 turns) .6 pd (5 turns) 345 3/4m

The above frequency ranzes aré obtained by shunting the transiormer
secondaries with auxiliary inductances when the desired frequency is higher than
can be tuned by the secondary szlone. Primaries and secondaries are separated
by two overlapping insulated copper screens connected to earth, and the primaries
are wound symmetrically relative to the earthed screens, while to facilitate
quick removal, the transformers terminate in Whistlecroft sockets fitting into
piucs at the base of the vertical fesder. The purpose of Cy is to balance small
asymmetries in frames, feeders and the iransformers and thus to improve the
queiity of the minina. The setting of Cl ig freguency - dependent.

Receiver Characteristics. Receiver first-circuit noise predominates over other
noise sourcaes up to &0 mes.

Qver the Ireguency range 20 - 30 mecs. 1 uV. applied to the input transformer
primary gives about 20 volts on the tube. This is twice the voltage produced

by receiver noisei. The H.F. gain between transformer primary and H.F. amplifier
anode is about 100, The gain of the 10 mcsy I.F. amplifier is about 5,000,

and the bandwidth 1 me. The impedance of the X.T.61 output stage is 5,000 ohms.

The time-base makes 25 sweeps a second synchronised to the supply mains. It
has the choice of an approximately linear slow sweep and « non-linear rapid

sweep to assist observation of pulse echoes. The rapid sweep speed is about
1/3" in lOO‘uféecs. The start of the time-base is phasable relative to the
mains, so that a locked pulse may be placed in z convenient position on the tube.

Performance of Direction Finder, Local osgillator tests over the frequency
range 20 - 66 mes. gave bearings within + 30 of the true bearing, with the
frames either horizontal or vertical. The range 29 - 33 mes. is excepted
because at 31 mes. one frame is a short circuit on the other, causing large
bearing srrors and small sensitivity. il

The bad region can casily be cghifted,
however, by sltering irame and/or feeder impedances. Sensitivity in the range
20 - 28 mes. was about 20 uV. for 10° zone of silence. With vertical frames,
tests on predominantly horizontally polarised 55 mes. and 48 mes. transmissions
showed that the apparatus would deal satisfactorily with a 26 dB. excess of
horizontal over verticial component. Tests with horizontal frames on 28 mee
showed that the cpparatus was limited to a 10 dB, sxcess of vertical over
horizontal componsnt for satisfactory working. This is attributed to the
increascd coupling between feeders and frames in horizontal working.




Wovember 20th 1941 to February lst 1942. 22 to 27 Mc/s. | o
- . Stoke |ligh St. _— | Dunkirk | Rye
= Toly o~ | Bawdzey ,,'"” Caknewdon Dover Hythe Tinchel- Pevenssy
Hulesw n S3ronmle; ent
Beckhs ‘I cross [aleswort oriley Ken Son
Average Bearing | 11.9° 29° 50.4° 63.2° 70° 122.8° 171.2° 161.4°
Ho. of aobs. 4 4] 4 12 13 5
True Bearing 19° 32° 47° 62° 59° | 123° 143° 134° 155° 168° 185°
i
Distance in kms. 148 107 | 94 7 42 19.2 57.8 55.6 83.2 1.6 52 ]
| | | |
|
PABLE II f
February lst 1942 to June lst 1942 22 - 27 leo/s
; l ' B T
! H r ! ]
Bearing 35° 51° 65° 759 { 17a°
’ |
True Bearing 30° 47° 62° 59 168°
Signal 40 l 53 3 58 | 32 %
| Strengta 32 50 24 | 42 ? 27 |
| an/1pv/m 27 A7 21 20 | 22
|- B i
| Taloulated ] |
| Signal 22 26 36 52 | 2945
| Strength | |




TABLE

I1I

JUNE lst to SLPTEMHER lst, 1941

48 to 66 NC/S
Haslemerc GL GL E.D.F, to R.D.F.
G North Wirittlc Rye Bawdsea.,
Bearing 2%, 9° 180.2° 304, 3° 164.7° 58°
True Bearing 2%1° - 305.0° 168° 62°
Signal IAX. 36 58.5 b5 42 49
Strength <4 mean. 50 40 36.8 36
dB/1 uV/m { min. 34,2 40 34 2e.0 31
Calculated
signal strength 56 42
Distance in
Wia, 107.5 5 6 8l.6 72357
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CONTINUOUS SCREEN

T, ol

P16 1A

SPACED LOOP
DIRECTION FINDER.

SALIENT DIMENSIONS
AND AeEriRL CIRCUIT.
DETAILS NoT To SCALE.

C,= 30 MmmF MAX,
Co= 20 mmF MAX.
C3= 20 mmF MAX.
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