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Off the Record

LISTENING to music for recreation through
the medium of gramophone records is as prevalent
among professional radio and electronics engineers
as it is in other sections of the community. In-
deed, we are sometimes persuaded that the in-
cidence is higher, and that the dissatisfactions
which set in as the result of acquiring too great
a knowledge of the processes of sound reproduc-
tion may ultimately exceed those of the layman
who is assailed by doubts as to whether his present
equipment is capable of the  high-fidelity ”
which he feels may be necessary to his full
enjoyment.

We do not deny the value of this discontent
which more than ten years ago gave rise to the
cri de ceeur in this journal that we . . . get our
music by scraping a steel point carrying tons of
weight per square inch over what is virtually a
refined macadamized roadway.” It has since
given us plastic records with lower surface noise
and has forced pickup designers to abandon their
early and too facile conception of what constitutes
a “ lightweight > pickup.

Yet even today, conditions in the microcosm
bounded by the perimeter of the stylus-groove
contact are such as might well have taxed the
imaginative and descriptive powers of Dante, with
accelerations more than a thousand times higher
than that due to gravity, temperatures which burn
off any asperities and pressures which produce
plastic flow in the material under the record
surface. .

Reproduction of the sound image impressed
on the record has long been known to be difficult;
from what we now read of recent and even more
searching investigations into the problem it would
seem to be virtually impossible! Certainly one
can never hope to reproduce with a spherical
stylus tip all that can be recorded with a flat-
faced cutter.

All this has generated in some quarters a pessi-
mism which we believe to be unjustified. Just
as the bumble-bee goes about its business in
ignorance of the pronouncements of aerodyna-
micists that its flight is impossible, so we shall
Continue to be delighted by many if not all of

the products of our recording studios and record
factories.

The truth is that the content of the record is
not always driving the reproducing equipment to
the limits where distortion is produced. Even
when distortion can be proved by measurement
to be present, it does not necessarily follow that
it will be noticed. A performance may have
qualities of emotion or musicianship which hold
the attention to the exclusion even of gross
amounts of harmonic distortion.

The ultimate criterion of the success of a
particular sound reproduction is not that the
measured distortion is-less than some arbitrary
figure but that it is not high enough to introduce
any incongruity which will distract the attention
of the listener and so mar his enjoyment of the
things that really matter. An objective assess-
ment of overall performance cannot be made
without including the temperament and experience
of the listener and the nature of the programme
material—which is tantamount to saying that an
objective assessment cannot be made.

Information Engineering

IT will soon become possible to get an M.Sc.
degree in Information Engineering (see page 257).
This recognition by Birmingham University that
information, in the non-semantic sense, is the
basic commodity of several related branches of
technology (communications, computers, control
systems, etc.), and therefore represents a good
approach for studying these subjects, is altogether
praiseworthy. At the same time, it is hard to see
how a mere 12 months’ course of this nature can
do much more than broaden the student’s out-
look—for a while. One cannot be just an In-
formation Engineer for long, and each of the new
M.Sc.s will be claimed by a particular specializa-
tion in the end—and then really begin to learn
his subject. However, there is no doubt that the
Birmingham University course will provide a
much better background for specialists in these
fields than has existed so far.
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Mobile Radio Channelling

AS was recommended in the Mobile Radio Com-
mittee’s 2nd Report (see page 464 October issue)
trials are to be undertaken by the Post Office of
v.h.f. mobile radio equipment using 25-kc/s chan-
nelling instead of the present 50 kc/s. This is
announced in a letter to the Radio Communication
and Electronic Engineering Association which had
asked the Post Office for clarification of the position.
The trials are expected to begin in the early autumn.

The Committee’s recommended reduction from
100 to 50-kc/s channelling in the 165 to 174-Mc/s
band (as in the 71.5 to 88-Mc/s band) was intro-
duced in January.

RCA and Colour TV

IN last month’s Wireless World it was suggested that
the Radio Corporation of America, which has
hitherto been the main driving force behind colour
television in the U.S.A,, is losing its enthusiasm for
colour. That view is not borne out by a joint state-
ment from the chairman and president which has
reached this country since the last issue went to
press. s

According to the statement, the number of regular
colour programmes is, in fact, being increased in
1957, which should result in more colour receivers
being sold. Colour television, the statement con-
tinues, is proving that it can supply a greater and
more interesting service to the public and develop
into a profitable business for all sections of the in-
dustry. Apart from its application to broadcasting,
it is also expected to expand in the industrial,
medical and educational fields.

Radio Exports

U.K. EXPORTS of radio and electronic equipment
during the first quarter of this year were 17% higher
than in the same period in 1956; £10.8M compared
with £9.1M. As will be seen from the table the
greatest increase was in sound reproducing equip-
ment. Incidentally, the overseas sales of this type
of equipment in the first quarter of this year were
more than those for the whole of 1952.

Jan.-Mar.

1957 1956
Capital goods (transmitters, navigation aids, etc.). 4.0 3.
Components 2.5 2.0
Sound reproducing gear 2.4 L7
Domestic  receivers 0.9 1.0
Valves and c.r. tubes 1.0 0.7

£10.8M £9.1M

Scottish Show .

A CONSIDERABLE number of new models of
domestic sound and television receivers are being
shown at the Scottish Radio Show at Kelvin Hall,
Glasgow, which closes on June 1st. Most of the
major domestic receiver makers are among the sixty
exhibitors at the Show, which is the first to be
organized in Scotland by manufacturers since 1935.
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BREMA Report

THE ADOPTION of a standard television receiver
if. by all its members and, as far as is known, by set
manufacturers who are not members, is mentioned
in the Annual Report of the British Radio Equipment
Manufacturers’ Association. It is, however, pointed
out that in view of recent experiences of interference
from ionospheric forward scatter transmissions
around 35 Mc/s, “ members may wish to reconsider
the if. rejection characteristics of their receivers.”

Plans are in hand for tests of colour systems other
than the N.T.S.C. in Bands IV and V, but should
these bands prove unsuitable then a compatible
system in Bands I and III based on 405 lines would
be the only practical one for the U.K.

The question of multi-path distortion in the v.h.f.
sound service has been investigated on behalf of
the members.

In an agreement reached between the Association
and the G.P.O. regarding complaints of receiver
interference, all cases where the receiver is found to
be at fault will, in future, be reported to the maker
of the set concerned.

Television licences in the United Kingdom must now
exceed 7,000,000 for at the end of March they totalled
6,966,256 and the increase each month is approximately
100,000. Within the next few months the number of
television licences' will have exceeded that for sound
only, which at the end of March was 7,558,843, in- _
cluding 306,053 for car radio.

Have you heard Mayflower II>—Although trans-
missions are restricted because of the need to conserve
battery power Mayflower II is sending out a noon
position each day and will transmit more frequently
as she approaches the American coast. Her call is
MX]JW. Equipped with Marconi gear she operates on
>phone on 2009, 2198, 2301, 2381, 2406, 2527, 2534,
2738 and, of course, the international calling and distress
frequency 2182kc/s. She also operates on telegraphy
in both the m.f, and h.f. bands.

Television Society Council—Members elected to fill
the vacancies on the Council of the Television Society
are: J. E. Clark (Cathodeon), C. A. Marshall (British
Communications and Electronics), A. A. Rowlands
(Norwood Technical College), S. N. Watson (B.B.C.),
and Dr, R. C. G, Williams (Philips).

TV Premiums.—At the Annual General Meeting of
the Television Society the following premiums were
awarded: E.M.I. Premium to A. H. Atherton (E.M.L)
for his paper “The secondary emission valve and its
applications ’; Electronic Engineering Premium to D. C.
Birkinshaw (B.B.C.) for “Progress in American colour
television”; Mervin Premium to H. A. Fairhurst
(Murphy) for “The development of 2l-inch colour
television receivers ”; Mullard Premium to Dr. R. L.
Smith-Rose (D.S.IL.R.) for “Properties and problems
of Bands IV and V”’; Pye Premium to R. A. Dilworth
(G.P.O.) for ‘Interference with television reception:
its causes and cures ”’; and Wireless World Premium to
A. V. Lord (B.B.C.) for “ Some problems in a band-
sharing colour television system.”

British Wireless Dinner Club.—The record number of
125 members attended the annual dinner, held on 26th
April. Air Vice-Marshal E. B. Addison was elected
president for the forthcoming year.
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Audio Fair, 1957

REVIEW OF RECENT TRENDS

THIS review considers the various
types of apparatus in the order in
which the audio signal passes
through them. It includes “over-
flow ” exhibits outside the Fair.
Records and Tape.—Connoisseur
two-channel single-microgroove discs
are approaching the production stage.

The two channels are obtained by

combined lateral and hill-and-dale
recording in the same groove. In
both the recording and reproducing
pickups the two movements are
mechanically coupled to a single
stylus at a point where each has a
null position. By this means a
channel separation of the order of
25 dB has been obtained, and ordin-
ary lp.s. can be played without
modification. )

The new M.S.S. long-playing tape
uses a thin PVC base, the coating
being unchanged.

Microphones.—A new ribbon

microphone (KTB1) introduced by
Simon Sound has alternative output

Simon ribbon microphone,

impedances of 25Q or 50k, True
pressure gradient response is ob-
tained up to at least 10kc/s, the
overall response extending somewhat
further. The ribbon is extremely
thin (about 1 micron) and its large
area gives a higher sensitivity than
usual. Lustraphone introduced a
very small (linx$inxZin) unit
(DRA/62) using a differential-reed
armature, and with an impedance of
1,000 ohms suitable for direct con-
n;ction in transistor hearing aid
circujts. It is also made up as a
lapel microphone (LP/62), with an
Impedance of 30 ohms for normal
requirements. The output peaks
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‘manufacturers,

around 2,000c/s, thereafter being
substantially flat to 5,000c¢/s. The
sensitivity is 84 dB below 1 V/dyne/
cm?® for the 30-ohm model. A new
pencil ribbon microphone (VR64)
was also shown by Lustraphone. A
crystal microphone (Type 39-1) in-
troduced by Acos has a typical
response (when fitted with the 8ft
of cable provided) which has a 5dB
peak around 8 kc/s and is 3 dB down
at 13kc/s. The sensitivity is 62 dB
below 1 V/dyne/cm?®.

- Tape Pre-amplifiers. — Several
including  Sound
Sales, Armstrong, Lowther and
Rogers, have recently introduced
units to enable tape decks to be used
with their amplifiers
amplifiers. These generally provide
high-frequency bias and erase sup-
plies which can be varied to suit
particular heads; recording level in-
dication is by meter or magic-eye,
and compensation to enable an over-
all flat response to be obtained at
various tape speeds and with various
recording heads.

Tape Decks and Recorders.—A
new deck used in their reproducer
for tape records shown by Avantic
uses two flywheels, the extra one
being fitted to the take-up spool.
These are roughly equivalent to the
use.of a single larger and more un-
wieldy flywheel on the capstan. By
this means wow and flutter have
been kept below 0.1%. The Brenell
Mark IV deck incorporates a number
of improvements, including the
ability to change the tape speed by a
simple change in capstan sleeving on
top of the deck; the maximum usable
reel size is increased to 8%in
diameter. It can also, as is now the
case with most tape decks, be fitted
with a revolution counter. The new
E.M.IL. model (TR51) also allows the
use of the larger 8%in reel. The
Collaro Mark III deck now incor-
porates a pause control; and a safety
device to prevent accidental erasure,
which is actuated as soon as the re-
corder is stopped. A similar safety
device is fitted to the Truvox Mark
IV deck.

A Spectone recorder incorporating
the Collaro tape deck was also intro-
duced recently. Hum and noise is
45dB (unweighted) below the 2%
total harmonic distortion recording
level. Low- and high-impedance

and pre- -

IN AUDIO EQUIPMENT DESIGN

microphone inputs and 15-ohm (4
watts) and cathode follower outputs
are provided. A variable bass cut
for close microphone recording is
also available.

Stereophonic Decks and Recorders.
—A new stereophonic head for fitting
to their Mark IV deck was shown by
Truvox. The two heads are vertic-
ally in line and have gap widths of
0.00025in, Crosstalk is better than
minus 45 dB.

Ferrograph have introduced two
new stereophonic recorders using
vertically in line heads. In one of
these (88) both recording and repro-
duction can be stereophonic: in the
other (77) stereophonic reproduction,
but only monaural recording is pos-
sible. Of course, in all stereophonic
reproducers it is generally very
simple to-obtain monaural reproduc-
tion if desired. )

Pickups.—By taking advantage of
the long-wearing property of a
diamond stylus, which does not
need provision for easy replacement,
Goldring have been able to obtain
the very low dynamic impedance of
2 mgm referred to the stylus tip in
their new variable reluctance turn-
over cartridge (Type 600). The high-
frequency resonance on vinyl records
is thus at about 25kc/s so the re-
sponse is substantially linear to
beyond 20kc/s. The compliance is
not less than 5X10—‘cm/dyne and
the sensitivity 3.2mV per cm/sec
recorded velocity. A mu-metal shield
is provided.

Philips were
moving-magnet

showing a new
pickup (NG5400)

Philips magnetody- D
namic pickup.



described in  Philips Technical
Review Volume 18, Nos. 4, 5, 6. The
design of this has been made possible
by the use of the lightweight, high-
coercive, material Ferroxdure, which,
when in cylindrical form as in this
application, can be magnetized in a
direction at right angles to the cylin-
der axis. In the schematic illustra-
tion of the pickup shown, lateral
movement of the stylus D is con-
verted by means of the cantilever C
and the bearings B,, B, into angular
movement of the Ferroxdure magnet
M. This induces an e.m.f. in the
coils S wound on the magnetic
material J in whose gap the magnet
lies. In this design the effective mass

at the stylus tip is 3 mgm, the lateral
compliance at least 5 x 10—*cm/dyne
and the output 4mV per cm/sec

recorded velocity. The frequency
response .is flat from 30c/s to
15 ke/s, the high-frequency resonance
being at about 25 kc/s on vinyl discs.

The Expert pickup (and amplifiers
and loudspeakers) are not new but
have not apparently been shown at
audio exhibitions before. The pickup
is of the moving coil type and the
h.f. resonance is above 20kc/s on
lp.s. The arm is pivoted some way
along its length where a spring
arrangement allows adjustment of the
stylus pressure. By this means the
extra rigidity and  low inertia of a
short arm are combined with the
better tracking properties of a long
arm. Acos showed two new crystal
pickups with outputs of 0.16 and
1 volt per cm/sec; the high-frequency
response (with a 3dB peak) being
3dB down at llkc/s and 7kc/s
respectively. The German Elac
Miratwin MST2 cartridge is now
being distributed in England by
Thermionic Products. This is of the
turnover variable reluctance type, but
with two completely separate assem-
blies. The high output of about
6mV per cm/sec recorded velocity
is due to an efficient magnetic cir-
cuit. The high-frequency resonance
is at about 18 kc/s on vinyl, and the
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compliance about 4 x10—°cm/dyne.

F.M. Tuners.—A prototype f.m.
tuner (TP100) shown by Thermionic
Products has a tuned cascode r.f.
stage, 3 i.f. stages, a biased crystal
diode limiter followed by a saturated
pentode limiter, and a broadband
(1500 kc/s) ratio detector. It is
claimed that by this arrangement the
need for a tuning indicator and a.f.c.
is avoided. The sensitivity is better
than 5mV for 30dB a.m. rejection.
Decca were also showing a prototype
f.m. tuner with a wide-band ratio
detector and a sensitivity of 4 mV
for 20 dB quietening. A new a.m./
f.m. tuner shown by Avantic had
a.f.c. on the f.m. side with a Foster-

Expert pickup.

Seeley detector and a sensitivity of
10 mV for 20dB quietening. The
Armstrong FM61 is now fitted with
af.c. which can be switched off if
desired.

Pre-amplifiers. — Three transistor
pre-amplifiers were introduced by
Lowther. The input is 4-15mV at
5-60 2 impedance for each, and alter-
native voltage gains of 30 (general
purpose with no feedback) or 50 are
available, One of the pre-amplifiers
with a gain of 50 has 24 dB uncor-
rected feedback, the other can be
corrected to the R.ILA.A. or 78 ffrr
record reproducing characteristics, or
to a flat, high gain characteristic for
use with microphones.

A very comprehensive pre-amplifier
was used by Acos for their demon-
strations. On the bass and treble
controls the turnover point and
amount of alteration could be inde-
pendently varied, and a continuously
variable (3.5 ke/s-20 ke/s cut off) low
pass filter was also provided.

Several new valve pre-amplifiers were
shown, “loudness” (tone-compen-
sated volume) controls being increas-
ingly fitted. These generally follow
the Fletcher-Munson curves; but as
Decca point out these curves apply
only to sine waves, and so they have
used somewhat different ones to pro-
vide the best compromise between
speech and music in their prototype

- pre-amplifier.

This also has a very
comprehensive  pickup  matching
arrangement whereby the input im-
pedance can be continuously varied
from 500 O to £ MQ independently of
the sensitivity, which can also be con-
tinuously varied. Steep-cut treble
controls (generally with three alter-
native cutting positions) are also now
nearly universal, and four alternative
record compensation characteristics
(3LP,178) are -also usually provided,
though there are six on the Pam-
phonic 1002B. Inputs for low-level
pickups are also now nearly the rule,
and the sensitivity of the Armstrong
A10 and W.B. 12 pre-amplifiers have
been increased in keeping with this

Pamphonic 10028
pre-amplifier.

trend. Pilot (who are newcomers to
this field) have a useful addition to
their pre-amplifier HFC12. in the
form of a muting switch to de-
sensitize the pre-amplifier (time con-
stant 1 second) while changing
records or input sources. Vortexion
showed a pre-amplifier (TRGI10)
which can be fully loaded from
Wearite tape heads.

Amplifiers.—Philips were showing
two transformerless amplifiers. These
have been made possible by winding
up to 800-ohm voice coils for their
normal dual-cone loudspeakers. Two
valves are used whose outputs add in
the load but whose input is only
single-ended. These amplifiers can
deliver their full rated power at low
frequencies and also have a wide,
level frequency response. The
separate amplifier and pre-amplifier
gives 12 watts output for 0.1 per cent
distortion at 100 c/s; a 4-watt trans-
formerless amplifier is also used in
their “ Magic Box.”

Lustraphone have introduced two
portable P.A. transistor amplifiers
giving 10 or 15 watts output for
5mV low impedance microphone in-
put, and with a substantially flat res-
ponse from 100 to 10,000 c/s.

A considerable number of ampli-
fiers are now stated to be stable for
capacitive loads such as electrostatic
loudspeakers. These include the
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arranged so that either the front, or
the side, or both sets of tweeters can
be switched on, compensation being
applied to keep the overall response
level in all cases. By this means the
apparent sound source can be made
very large with only the side tweeters
on (perhaps for relaxed listening or
large-scale works), somewhat smaller
with the front tweeters switched on
as well, or smaller still with only
the front tweeters switched on (for
speech).

Wharfedale were showing their
new free-standing three-speaker
sand-filled baffle system (SFB/3)
which is 34 inx31 in. They have
found that with the additional re-
flecting surfaces such as occur in a
room corner the normal response
of a loudspeaker mounted in a baffle

is modified and extends about an-

octave lower than usual, but with

the cut-off rate increased from 6 to
12dB per octave. The two parallel-
fed low-frequency units (W12/SFB,
10-in Bronze/SFB) have a very low
resonance frequency due to the use
of the new foam rim-suspension
which is now fitted to all Wharfe-
dale speakers. This also reduces dis-
tortion at large amplitudes and
smoothes the response generally. The
tweeter in the SFB/3 is a standard
super 3/FS,

Rola Celestion have introduced a
new middle and upper frequency
(crossover points at 750 and
5,000 c/s) two-speaker system (415).
The middle speaker uses a re-entrant
horn as in the illustration, the
tweeter being placed in the centre.
Some more information was given
about the Goodmans electrostatic
speaker (103): the impedance at
400c/s is 15 ohms and substantially

resistive. C.Q. have added several
alternative tweeters to their standard
small (22X 12X 13 in) bass reflex
cabinet with tunnel port. One of
these is the Tetraq, which consists
of a tetrahedron containing two 4-in-
diameter tweeters mounted on dif-
ferent faces. This rests on a stand
in any position thus easily giving a
wide control over the treble distri-
bution. Other small speaker systems
were shown by Pye and Simon.

New 4-in tweeters were shown by
Rola and Plessey. Two miniature
speakers 1% in in diameter and 1% in
X 2% in for use in transistor sets have
been added to the W.B. range. One
of the Expert range of speakers uses
a simple four-foot acoustic column
with the single speaker mounted at
the top. "By this means acceptable
results are obtained in a very small
floor space (1 ft square).

Television Interference from Sea

Reflections

By J. K. S. JOWETT,* B.Sc.(Eng.), M.IEE.

An Explanation of the Effects Observed at Kingsand and Cawsand

A PARTICULARLY interesting and troublesome
case of beat interference to Band I television recep-
tion was reported in the March, 1957, issue of Wire-
less World. The predominant effect described was
that of a fluctuating picture brightness which occurs
rhythmically at a rate of between 35 and 50 per
minute at reception points in Kingsand and Cawsand
in Cornwall. These two places are heavily shielded by
a local 400-ft hill from signals following the direct
transmission path from the B.B.C. television trans-
mitter at North Hessary Tor. When the beat effect
is most pronounced it is accompanied by multiple
ghost images of alternating polarity. Apart from a
short period around sunset on summer days the
phenomenon is present, to a greater or less extent,
whenever television transmissions take place; no
separate interference source which might have caused
the trouble has been observed at times when North
Hessary Tor was not transmitting.

This evidence strongly suggests that the interfer-
ence is created by unwanted modes of propagation
of the television signal, i.e., by reflections from some
natural features or other obstacles which are not in
the direct transmission path. The usual effect of
such reflections is, of course, familiar to many
viewers and takes the form of a permanent ghost or
echo signal displaced from the main signal by an
amount which is proportional to the time delay of
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the ghost signal relative to the primary signal. The
rhythmic variation of picture brightness which occurs
at Kingsand and Cawsand, however, could only be
caused by such means if the path delay were subject
to a regular and systematic change. As is well
known such an effect can, for a short space of time,
be caused by a moving object such as an aircraft;
but the permanent nature of the present reported
interference rules out an explanation based on air-
craft reflections.

It was stated that this. type of interference has
been noted elsewhere at a number of coastal areas
shielded from North Hessary Tor, between Start
Point and Looe; but nowhere is its effect so pro-
nounced as it is at Kingsand and Cawsand.

The original report quoted the opinion of the
B.B.C. that the beat is caused by a reflection from
the surface of the sea. The present writer is con-
vinced that this can be the only explanation and,
furthermore, that the rhythmic beat effect is in all
probability due to the regular motion of waves on
the sea surface. It should be borne in mind in this
connection that although a radio wave may be re-
flected at the sea surface with a high coefficient of
specular reflection—perhaps of the order of 0.8 or
0.9 or even more—there is inevitably some degree

* Post Office Engineering Department, Radio Planning and Pro-
vision Branch

WIRELESS WoORLD, JUNE 1957



of scattered reflection taking place. The sea acts,
in fact, as a re-radiator of energy; by far the greatest
part of the incident energy is re-radiated in an
extremely narrow lobe in the forward direction but
a very small amount of energy is scattered in all
directions. There may be small side lobes of re-
radiation in directions favoured by the corrugation
of the sea surface and, where a large area of sea is
“illuminated ” by a strong incident field, the cumu-
lative total of energy thus scattered may be far from
negligible. :

The same type of interference is, of course, met
in the form of sea-clutter on centimetric radar dis-
plays. In this case the echoes forming the clutter
are due to direct back scatter from the sea. Such
back-scattering phenomena, both from sea and land,
have also been conclusively demonstrated in recent
research on the transmission of h.f. waves. It is this
form of back-scattered reflection which no doubt
generally accounts for the television beat interference
at coastal areas where the reception site is badly
shielded from the transmitter and where, also, the
sea is in direct view of both the reception site and
the television transmitter. In the special case of
Kingsand and Cawsand, however, it would appear
that the interference is largely due to “sideways”
scatter from areas of water in Plymouth Sound rather
than to back scatter from the English Channel.

Why should the problem be so pronounced at
Kingsand and Cawsand? The primary condition
that the direct path signal is severely attenuated by
local high ground is, of course, fully met, but so it

Fig. I. Plan of the affected area and its environs, show-
ing ellipses through reflection points giving various path
differences.
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is in many other places. The real aggravation of the
problem here lies in the fact that Plymouth Sound
and much of Cawsand Bay are in no way shielded
from North Hessary Tor; they are, in fact, illumin-
ated with radio fields that are at least 20-30 dB greater
than the direct-path field set up at Kingsand. More-
over, this stretch of water lies in front of or to the
side of the receiving aerial; not, as in the case of
usual coastal sites, to the back of the receiving aerial.
It is therefore less easy to provide discrimination by
means of aerial directivity. The glancing angle at
which the radio waves strike the water surface is
also quite high—of the order of 1.5° to 2°—and as
will later be seen this considerably assists the extent
to which scattering takes place.

Possible Reflection Modes

It is useful to distinguish between three possible
separate modes of sea reflections in this particular
case, these are:—
(a) Quasi-specular reflection at oblique incidence
from wave fronts in Plymouth Sound.
(b) Similar, but less oblique, reflections from
rollers out to sea, and
(c) Scattered reflections from a wide area of the
bay similar to the usual form of sea-clutter
met in radar.

The first mode may well predominate at times and
is therefore described here in some detail; it also
iltustrates very simply the way in which sea-wave
motion can cause picture fluctuations., These
oblique-incidence reflections from sea waves may be
assumed to take place from region A marked on the
map (Fig. 1), perhaps particularly from wave fronts
advancing in a generally north-west direction, since
such wave fronts are likely to give maximum reflec-
tions in the direction of Kingsand and Cawsandt.
If we look at the situation in plan view, we see that
reflection at the wave fronts is relatively oblique in
this region; it is, therefore, more nearly specular and
of larger amplitude than ordinary back scatter. Since,
in addition, the reflected signal would arrive at
Kingsand only 30° or so off the direct-path bear-
ing it is likely that this mode of reflection is always
effective. In so far as the mode is one of quasi-
specular reflection from the advancing fronts of
waves and breakers it is probable that the general
area of reflection will depend on the height of the
receiving aerial. If this height is only 50 feet above
sea-level, effective reflections may be taking place
little more than } mile away, whereas, with aerials
100-200 feet above sea-level, the area of most effec-
tive reflections may be one or two miles away from
the receiving point. The delay of these reflected
signals relative to the direct-path signals would be
of the order of 1-2 microseconds only, and, while a
diffuse form of ghost image might be seen, the main
result would be to cause a fluctuation of picture
brightness as the following reasoning shows.

Let us consider reflections from a single wave
front advancing towards the coast to the north-east
of Kingsand. At some point in the travel of this
wave the reflected signals reaching Kingsand would
augment the direct-path signal; a short time later,
when the excess path length has decreased by just

1 It is worth noting that, near the coast, sea waves travel faster
in deep water; this causes wave-fronts approaching a coast-line,
from whatever direction, to swing round so that they roughly
follow the contours of the sea-bed and make their final approach
in a direction parallel to the shore.
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