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INTRODUCTION

One of the most secret and important developments
of the British Government within recent decades has just been
released for the use of the Dominlons. It is now regarded as a
fait accompli and every effort is being made in Great Britain to
adopt it on a wide scale as guickly as possible. Concurrently
new applications and developments are constantly being sought
at the R.A.F.Research Station.

Known ag R.D.F. it may be described as a radio method
of "seeing" approaching aircraft. It is unaffected by fog or
night and the radio "visibility" is good twenty-four hours of
the day. The aircraft in the field of view are not only detected
by R.D, F. but their exact location in space 1s determined with
great accuracy.

The effects of this new defensive weapon will be
far reaching and have important strategical applications; so
mich so that no nation which may become involved in armed
conflict can afford to ignore 1its possibilities and advantages.

In Great Britain the methods are being employed by
Navy, Army and Air Force but the share of the Alr Force is
much greater than that of the other Services at present. Tech-
nical details of the apparatus used, methods of manufacture and
general policies of application in the Services have been studied.
Only a comparatively few people in Great Britain know the whole
story and the strictest secrecy must be preserved.

The different requirements of the various branches
of the Services have led to the evolution of a number of different
types of equipment. A few of these are described briefly below,

The major expenditure in Great Britain has been
incurred on the C.,H. or Chain Stations. This is a series of
stations erected on the South and East coasts, as far North as
Aberdeen. The purpose 1s to provide early warning of approach-
ing raiders and enables the fighter patrols to be directed
within a short distance of their target. An elaborate system
of communication has been evolved which glves the Commanding
Officer a clear picture of all the raids and at the same time
he knows the information he is using to direct his fighters is
never more than five minutes old. The system has also been
linked to the Air Rail Warnings, issued to the civil populace
by A.R.P., and eliminates the possibility of issuing unnecessary
warnings to areas not directly threatened. -
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If we borrow the phraseology of ordinary lighting
technlque and use 1t in the radio case, then the C.H.stations
would be described as a "floodlighting!" system because a wide
field of view is illuminated by any one station. The series
illuminates the whole seacoast, and any aircraft flying within
a certaln maximum distance will be picked up and located.
(Under average good conditions the position of the aircraft
would be determined in about two seconds.)

In contrast to this floodlighting principle, there
is a type known as A.S.V. which employs a beam or fan-shaped
field of view. Designed to be mounted in a patrolling aircraft,
it searches vertically downwards and to either side of the plans.
It greatly increases the distance at which ships can be located
by the plane and the latter can, at will, remain invisible above
the clouds.

Another type known as G.L. is used for laying A/A
guns and searchlights. Still another type known as C.D. 1s
used for Coast Defence and it 1s expected ultimately to replace
the optical range finder, The Navy has developed tw . types of
equipment, both designed primarily for installation on capital
ships, but one of the types S.S. used for the detection of one
ship from another ship, is small and compact and was seen in-
stalled on board a 900 ton destroyer.

With regard to manufacture, the British Government
does not desire to permit other firms undertaking manufacture
outside the country because of secrecy considerations. The
British firms are preparing to make large scale deliveries and in
some cases production is well under way. The Air Ministry has
paid large sums of money to establish adequate factories (the
sum came to £75,000 in one case) and although some parts or
types could be made in Canada this would delay the start of the
programne by about two years or more. Development work has been
proceeding in England for the past five years.

Approximate details of supply and rough estimates of
costs are given 1in the tables appended.

At the time the Canadian representatives were in
England the representatives of South Africa, Australia, and
New Zealand were also there. South Africa had tentatively
accepted a scheme proposed for them by D.C.D's office which
involved the use of M.B's with special aerials, some C.D., G.L,
and A.3.V, equipments. The M.B. type with special aerials has
since increased in importance to warrant the new type C.O0.,
called Chain Overseas. In performance it is little if anything
inferior to the large C.H. but does not have all the refinements
of opergtion,
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The Australian Government voted £67,000 to be spent at
the discretion of their special representative subject to approval
of their High Commissioner., This was regarded as an initial ex-
penditure and more money was to be forthcoming when production
had reached a more advanced stage in England. The Australians were
particularly interested in A.S.V., C.D., M.B., and some G.L's.

The New Zealand representative arrived after the others
and had not made any reports to his Government. He was expecting
the New Zealand Minister of Finance who arrived in London a little
later to make some suitable arrangements. They are interested in
equipping some of thelr aircraft with A.S.V. and in acquiring
one or two C.C. together with some C.D.equipment.

In addition to the Dominions the French Government has
been officlally informed of the methods. They plan to make a very
extensive application of the new methods, using C.H., G.L., M.B.,
C.Dey and A.S.V. Thelr plans are comparable In magnitude with
the British, and they will be supplied by the British manufacturers.

In the R.D.,F. work in England a number of highly
specilalized components have been developed which it would be
better to purchase there regardless of what general policy with
respect to manufacture of equipment in Canada is ultimately
formed. Three items that immediately would be placed on this
list are the radiogoniometers for C.H. and C.0., the potentiometer
for G.L. and the specilal types of cathode ray tubes. These are all
relatively difficult to make and since production in England has
been arranged on a large scale, it wovld be unwise to try to make
them here,

Test equipment as used at Bawdsey and at the established
C.H.stations 1is largely manufactured without restriction and is
fairly standard. Considerable equlpment 1s necesgsary however,
some apparatus, such as ultra-short wave monitors, senders and
receivers might be ordered modelled after the apparatus at R.A.E.
but it would have a value only as test equipment.,

In addition to the information sent us from the Air
Ministry, which was all that was supposed to have been collected
and available at the time, there are a large number of drawings
by the office of Works showing details of construction of buildings
and towers. The wooden towers in England have been e rected by
two contractors but I understand the same design was used in each
cases Three different firms are bullding the steel towers and
three different designs are being used. They differ in detail
only however,

It is not likely that a tower, particularly the steel
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towers as designed for erection in Great Britain would be built
in Canada in exactly the same way; the steel sections used over
here will vary slightly as will bolts, rivets etc., but to alter
an established design to suit local peculiarities of construction
would be simpler than designing a completely new tower.

The various electrical manufacturers had also been
instructed to deliver to Air Ministry six coples of each drawing
they have, relating to this work, including circuit diagrams
and details of construction. There are several thousand of these
drowings in existence and permission has already been given to
issue one complete set to Australia, I understand the French will
be receiving a set and it was expected that each Dominion would
request a similar set. (The sixth copy is for the Air Ministry).
These drawings had certainly not been delivered to RDC3, Air
Ministry when I left the country.

The High Commissioner wrote C.A.S. (Great Britain) asking
for the information which had been collected by the R.A.F.Research
Station., I imagine we received all that had been collected up to
the time of leaving but there are still a number of experiments
going on there which were supposed to be written up, but which
have not yet been received.

It was presumed the High Commissioner, who has been
officially informed of R.D.F., would later request the balance
of the information when it was ready. This matter can now be
handled through C.A.S. office in Ottawa as he sees fit. Mr,
Massey 1s aware of the steps that are being taken to collect the
six sets of drawings and data.

In addition to these drawings there are three Service
Manuals in existence which it would be just as well to have. One
is a manual on the C.H.receiver, written by Cossor, the second
is a manual on the C.H.transmitter, written by the R.D.F. instruc-
tors, and the third is a manual which differs only in part from
the present one, on the M.B. equipment.

In addition to the information now avallable it will be
necessary to keep in close touch with the Research Station at
Bawdsey in order to keep up to date with new ideas and development
there, because things are moving and changing rapidly and new
applications are constantly being sought.

This 1s particularly true when any orders are placed.
Someone should be on the spot to give undivided attention to the
matter in order to ensure that out of date apparatus is not asked
for and to ensure the incorporation of the latest ideas wherever
possible,
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Two items available in Great Britain which would be of
value to us are (one) a series of moving pictures showing the
appcarance of the echo pattern on the cathode ray tube when
different numbers of aircraft, flying in different formations, are
recorded on the cathode ray tube. These pictures are of great
value when training observers to count numbers of aircraft,
Pictures showing as many as fifty aircraft in formation are
available., (Two) A training machine has been devised, which can
be purchased as an auxiliary to a C.H., or C.O.station. It is a
means of injecting signals into the receiver to imitate those
obtained as reflections from aircraft and gives new observers
practice plotting and observing on the actual receiver. It cannot
be used on a receiver which is maintaining a watch at the same
time, but could be used in the same room, on a second or standby
receiver, 1if worked on a different wave-length. Finally, it
must be emphasized that much of the detail of the information
given herewith is already out of date but in general the methods
will reomain unaltered for some little time to come.

'ive stations on the C.H.system had been visited, viz.,
Staxton Wold, Stenigot, Stoke Holy Cross, High Street and Bawdsey.
The degree with which the latest ideas have been incorporated at
the different stations varies considerably. One of the valuable
points of sceing these stations was to get an idea of a suitable
site for C.H. or C.0. stations.

Just how much effect the new Navy type (S8) gear will
have on the whole picture is very hard to say, but it may have
important modifications and simplifications, and on the other
hand it may have proved disappointing in practice.
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POSSIBLE MODIFICAT IONS

This sectlon must be regarded aos being in the realm of
rcasonable conjecture. It would seem tnat the following modifica-
tions of R.D.F. are possible in order to adapt it better to
Canadian conditions.,

In order to make the field of view of a C.O.sender
omnidirectional, it is possible to install sending aerials so that
the direction of propagation can be switched to coincide with each
of the four axes, N, E, 3, ", in turn and a point in any given
quadrant would be illuminated about 40 to 50 percent of the
observing time, If an aircraft were detected at one quadrant,
then the switching process would be turned off but alternatively,
a better arrangement would be to turn on an electric "searchlight"
to follow the raider, while the C.O.station kept up its routine of
looking in all directions. The aerial system for this radio
"searchlight" has not been developed for this particular purpose
but representsa perfectly soluble problem. Because a relatively
concentrated beam would be used a lower power transmitter could
be employed, if desired, without sacrifice of range. Also the
field of view of a radio searchlight will be much bigger than for
an optical searchlight and it would not be difficult to keep the
aircraft in the field of view,

A more elegant way to arrange the C.0O.station would be
for it to search each quadrant so rapidly that, in effect, there
would be no blanks, or no time intervals, during which a given
quadrant was not illuminated. This point is being referred to
D.C.D's office.

One problem that is still giving some concern at Bawdsey
is the possibility of synchronous jamming by pulse transmission
from an enemy. The probability of this occurring 1s very low but
in our case might be overcome very easily by slowly altering
the control freaiency which determines the emlssion of the pulses.
This would be relatively involved with a large number of C.H.
stations close together but in our case, where they would be
relatively far apart, the mutual interference between neighbouring
C.,0,stations would be a much smaller problem and hence this solu-
tion of synchronous interference could be adopted.

For C.0.sites that can be installed at great heights
above sea level a great increase in range is possible. Unfortunate-
ly i1f the height above sea level is great and the same sized aerial
towers were used for sending and receiving, it would not be possible
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to give the height of the aircraft very accurately. Should the
site be at a cliff's edge, however, then it is believed possible
to devige an aerial system which would have great range coupled
with accurate height finding on the aircraft. It would not be
necessary to have a perpendicular cliff all the way to sea level,
but if a relatively vertical face is found that is an appreciable
fraction of the total height then the same remark applies (viz,
great range, coupled with accurate height finding.)

I think a carefully designed aerial system might make
the same condition hold, even if there were no vertical cliffs, but
instead a relatively steep, (and for best results) more or less
straight slope down to the sea. The problem has not been inves-
tigated in England because the conditions do not apply. If aerials
are installed on a hillside, one cannot "see' backwards through
the hill of course, but there may be localities where this would
not be so important.
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CIH.

The descriptions given in thils and the following sections
are intended to amplify the information of the previous report
but are not nccessarily complete in themselves. The position
described qualitatively in the previous report gave many details
of what will be found in the final chain, but much of 1t is not
yet installed.,

As far as C.H. is concerned in England, there are three
stages to the C.H.station programme.

1. Intermediate Chain

This was installed in a great rush last September and there
were no steol transmitting towers., The four receiving towers wers
built and two used for sending and two for receiving., In some
cases, at first only, one was used for sending and one for receiving.
The whole object of the Intermediate Chain was to get something
operating quickly. The transmitters used on the Intermediate Chain
were MBl, and the receivers were RFS, with modifications. The
ranges quoted in the previous reports were those obtained with the
Intermediate Chain so that the presumption is that when the Final
Chain is completed, the performance will be even better. The
twenty-four hour watch is at present being kept with the Intermed-
late Chain equipment.

2. I"inal Chain

This is being installed as fast as possible in England
now, and should be completed about the end of August or searly
September, It differs from the Intermediate Chain in having four
steel sending towers and four wooden receiving towers and instead
of working on one wave-length, will work on four. The first
20 transmitters for the Final Chain will be the C.H.type (200 Kw,
continuously evacuated type). The receivers will be type RF6.

The buildings will be brick and concrete, protected roof and
sides, and they will be gas tight and air-conditioned. This is in
contrast to the present wooden huts the equipment is housed in.

3+ Chain. Third 3tage

The only modification here is that the MB2 sender will
be used in place of the C.H,sender., The MB2 sender, using Navy
Type Silica valves will develop 150 Kw, and, later, by using a
newer type of tube made by G.E.Company it may develop as much as
300 Kw., It is the intention to install four of these MB2 for each
C.H.sender. The cost will be about the same but the equipment will
be more versatile in operation,
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Some things which were tried by the British authorities
have been definitely discarded and the "Chapman scheme" is one
of these. Some simplification has resulted in the receiver and
all references to "Displacer circuits" and "Right or Left Traces"
are no longer applicable.

The aerlal systems for C.H.have already been described
and have not been changed. Owing to the high voltages developed
when 200 Kw are used, however, there 1s a tendency to spark over
so that the old type of sending array (a) in Figure, may be
altered to (b).

A - 3501
N, -« | — | F
i [ o
N U ————
TN o | SIS
1

..JE‘--._._-_.-.-*-}
o } /
Matching ~

loop . . ; (b)
>

(a)

No Work-has been done on this point however, as the high voltage

problem had only just begun to appear as the new 200 Kw senders
were put in operation.

One important point about the wooden towers is that they
must be provided with lightning rods. 2" iron plpe is used in
ongland and it must be placed up the centre of the tower,

The receiver 1n use now is known as type RFS. It will be
superseded by a newer type RF6 which lncorporates a number of
anti-jamming features and also has a more convenient, but at the
same time, elaborate control disk, The receiver circuit itself
is a superheterodyne model with push-pull input and having the
first tuned circuit in a separate thermally insulated box,
to minimize circult noise.
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A Dblock diagram of the receiver equipment is given
below, in a simplified form,

j: aerials

Y

— Receiver | EE)Plates
IVL" —:.": 3 C-R-To

20 SRS mesil 3 25cps, Time basg G

supply — ascitdl. and | " Horizontal Deflection
pulse p ¢
shape

HifiIIIﬁﬂby‘control
[caliﬁrator

The signals after suitable amplification and rectification act
to deflect the cathode ray spot vertially. The Time-Base
deflects the cathode ray spct horizontally so that the resultant
picture on the cathode ray tube 1is: G represents the
deflection due to the impulse as it leaves the
transmitter. A little later in time the echo E is
received from the alircrgft and the distance between
G and T is a direct measure of the range. Conseqg-~
uently a pointer is made to move over the face of
the tube until it coincides with E and the range
read directly.

To find the azimuth, or bearing, of the aircraft the
operator presses a switch which changes the aerial arrangement by
remotely controlled switches to the d.f.arrangement. He then turns
a radiogoniometer until the echo at I disappears. The reading on
the goniometer dial then gives the bearing directly,

To find the height, the operator again presses a switch
Which.again changes the arrangement of the aerials. This time he
1s comparing the response in a horizontal dipole at 80 feet above
ground with that at 240 feet above ground. The two signals are
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fed into the same goniometer and by turning this until the echo
E agaln disappears he determines a reading A° on the scale. A
chart is now consulted which shows the height of the alrcraft
for a given angle AC and for a given range. The helight of alr-
craft is dependent on both A and range.

It 1s thus a three step process to determine the position
of an aircraft but with practice it can' be done in a few seconds.

An addltional refinement is the spot indication. In this
case the operator does nothing but observe the cathode ray tube and
manipulate the control. A second operator watches a large grid
map of the area covered. Ag the first operator moves hils range
pointer a spot of light moves under the grid until it is at the
correct distance, and when the d.f. position is found the spot of
light moves to take up the plan position of the alircraft. The
second operator then merely reads the coordinates of the point.
When the height flnding is done by the first operator, the spot of
light disappears and a set of 1lluminated lines appear over which
a second spot of light moves, its final position, on or between

lines is read off by the second operator directly as a given eleva-
tlon in feet,

This spot method is not incorporated as part of the RFS
recelver at present installed at the Intermediate Chaln stations.
There all the plotting is done by a draughtsman.

BeCause of the zeros which occur 1in the polar diagram in
vertical plane of reception of horizontal dipoles, it is necessary
to have two sets of d.f., aerials and two sets of height finding
aerials., The dlagram below shows the different aerials used for
different purposes., Physically these are the same aerials, of
course, comblned in different ways,

Reflectond— T 2401 2401 ot
(for sen :
se deter
mination

80! 80! 801 80!
s
40"
- \/
Range D.F, Height Range D.F. Height
20-70 20170 2070 A/C above A/C above A/C above
70 70 70

These cases when A/C flying at angles of elevation between
values shown.
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350"
(a) Polar Diagrams S e P

Vertical Plene

(a) Upper Aerials
alone

| [
(b) Lower Aerials 250
alone

(¢) Combiration

: -—— 80' - This
Q (c> (:'llpole to fill

in gaps in

50" ‘S polar diagrem

of upper

elements,

feeder

( ) system

l Parasitic Transmitting Aerial
Reflector

Plan View
—»
f
o—-C-~—0 o—o—
Works from 2° to 7°

—o—— ———o—-—-

s . }Wm&sahwe7°
FRONT SIDE

Lower aerials used for D.F.:ork in regions of zeros of polar diagram
of upper eaerials,

RECEIVING AERIAL

NOTE: The side "Reflectors" on the top two dipoles were put there

because it was found they improved the error curve of the
dipoles when used for D.F.work.
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As stated a superheterodyne circuit 1s used. The
oscillator is fed to the push~pull mixer tubes in such a way as to
minimize noise, and in fact an unusually high signal-to-noise
ratio has been achieved in the receiver. Three stages of H.F,
amplification and the mixer stage are all push-pull, to increase
the stability of the receiver, All voltages to the receiver are
controlled by stabilovolt tubes.

The I.F. amplifier, a single ended arrangement has
four stages. The input to the detector is through a dust-cored
transformer having a centre-tapped tuned secondary. - The detector
is a double diode, nearly lirear, and the output of the detector
is taken through resistances to the grids of two output pentodes
(in push-pull). The output of the receiver must be carefully
balanced so a little negative feed-back 1s added here to ensure
a good balance. This balanced output is connected to the Y plates
of the oscillograph tube and also, at will, to a loudspeaker,

A necessary item for the installation of the aerials
which will not be supplied by the receiver manufacturer but will
in all probability have to be made locally 1s the special cathode
ray device used for lining up the serials and ensuring that their
outputs to the receiver and goniometers are in phase. This is,
in effect, a miniature cathode ray direction finder. Inequalities
in the longths of the transmission lines are made up, by inserting
extra lengths of lead in the short lines. - When
phasing the aerials the test signal may be injected at the end
of the transmission lines or it maybe injected into the dipoles.
Both methods are used but the latter does not seem as good., The
method of injection is not perfect, which is one reason the
height determinations are based on actual balloon mecasurements.

The block diagram of the transmitter is given herewith.
All the transmitters are the same in such a general picture for
C.,H. or C.0.use.

To
Locking pe—— - = v A
Frequency ~ | Pulse Modul- Osgilla- inal T 1
from recei-| Gear tator ; A?pflfifI a
ver ! : v
EOdéH'T' o5 .
G.B. H.T, _ H.T.
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In the pulse gear the locking freguency goes through an amplifier
tube and is applied to the grid of a gas filled relay which flash-
es and thus discharges a condenser through a transformer, This is
heavily damped and gives only one cycle. The negative half of the
cycle 1s suppressed in the grid circuit of the output valve by

a rectifier, Hence we get one positive kick on tae grid of a
heavily overbiassed output tetrode and the resulting sharp anode
pulse is that used to control the transmission.

The modulator has been speclally developed for pulse
technique. The poslitive side of the modulator is earthed and its
negative H.T, voltage is about 3000 volts below earth potential,
The output of the pulse gear 1is taken by one lead only to the grid
of the modulator tube via a suitable clocking condenser and grid
leak, The circuit is completed by stray capacities. When no
pulse 1s operating, the modukhtor valve takes current and its
anode is at a high negative potential. On the arrivael of a pulse
however, the valve 1s cut=-off and its anode potential rises to
earth potential. The modulator anode is connected by a direct
metallic connection to the grids of the two oscillator valves
and it is thus seen that only during the pulse time is the bias
low enough to enable oscillations to take place, hence there can
be no radiation between pulses,

The oscillator feeds the final amplifier through taps
in its anode circuit, and the final amplifier in its turn feseds
the aerial arrays through taps in its anode circuit,

Westinghouse metal rectifiers are at present used to
supply the H.T. for the final plates. These were chosen as being
more reliable than other available methods. The transmission
line insulators were porcelain but were replaced by the more
satisfactory frequentite (i.e., isolantite?) ones. The lines them-
selves are about #6 or #8 copper wire, open lines. The lower
transmitting dipole at 80 feet 1s fed through a mismatched system
in order to feed it with about ten per cent (10%) of the total
power., This lower dipole 1s necessary in order to avoid zeros
which would otherwise occur in the polar diagram (vertical plane)
of transmission,

Speclal attention should be drawn to the goniometers
used in receiving., These are very carefully made and special
die-castings have been developed in order to turn them out in
quantity. They are extraordinarily accurete and instrumental
errors have been reduced to O.1 or 0.2 degree, which is much
better than that of high grade commercial goniometers on long
Wave,

Other features of the receiver are described elsewhere
but written descriptions of the anti-jamming device do not yet
exist,
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(The description was given in the first report. Amongst'other
things the anti-jamming tube needs a very high voltage and
consequently a different cathode ray power supply to that normal ly

obtained with RF5 recciver,)
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C. O,

. The C,0. type was born as a result of discussions with
the various Dominions and from certain Colonial considerations
which had arisen, 6.g., Gibraltar and Singapore. The object of
this apm ratus is to achieve the same range as the large C.H.
station but without going to the expense involved in all the du-
plication of equipment necessary in England.

The M.B. II sender and RFS rcceiver with the addition
of the anti-jamming tube and possibly some rapid form of position
caelculator added to some high towers but not as many as used at
the present C.,H.station, form the basis of the equipment. Reason~
able duplication of components must be provided as in any high
powered radio station. Thus two sonders end receivers, two receiving
towers and one transmitting tower would provide an adequate service
for twenty-four hour watch at such a place as Halifax, This would
provide two wave-lengths, which might be used simultaneously if
occasion arose, but in general one set 1s a stand-by. Auxiliary
power, buildings and communication to and electrical equipment for,
the Fighter Command would comolete the general picture,

The position calculator would be either the spot
indicator or the electrical calculator described briefly later,
The latter is faster and less liable to error but it has not
reached the production stage. On the other hand, as soon as
development work is completed, and it may very well be finished
by this time, the apparatus can be assembled with great rapidity
because standard telephone components have been used throughout
(I should imagine the calculator would cost between £500 to £1000.)
The electrical wiring involved is relatively straightforward,

There seems to be a reasonable possibility of making
this type of station omnidirectional but in any event it is de~
finitely possible to look at each of the four quadrants of the
compass in turn. At the time of looking in the N E direction say,
there would be generous overlap in the N W and S E quadrants, so
much so, that it could be said that any one direction was viewed
half the time. If it were arranged to switch the field of view
every half minute any quadrant would be illuminated for one minute
and dark for one minute,
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13 April, 1939,

C.H. and C.O0.

Note on the Fabrication of Co-Axial Cable

The co-axial cable for the receiving transmission line
is made up either on the site or is made at Bawdsey. In the
former case Bawdsey supplies the internal conductor with the
beads already secured in place.

The method i1s to use a specilal machine¥% which pinches
the internal conductor slightly on each side of the insulating
bead to prevent it slipping. The whole length of wire is pre-
pared beforehand and pulled through the copper tubing as one
plece. A maximum of 560 feet can be pulled through at one time
but requires four men. A length of 240 feet can be easily hand-
led by one man.

After the wire conductor is ready the copper tublng is
prepared. This is hard drawn copper tubing of good commercial
grade, sand blasted on the inside, to remove oxidation., The tubes
are delivered in 26 foot sections and are filtted with corks to
keep out air and water. The 26 foot lengths are joined together
by special patent couplings.(N.B. sample cpuplings brought home)
made by Yorkshire Copper Works, Leeds. (When writing, refer to
Mr. Middleton). These couplings were developed as plumbers'
fittings and can be obtained on the open market, At the time the
tubes are being joined together, a copper draw wire is run
through the tube. When the complete length of tube is ready
an internal gauge, with two thousandths of an inch clearance is
put on the end of the draw wire. (e.g., 0.375" tube use a 0.373"
gauge). This gauge is also a cutter and reams the internal
diameter to at least 0.373" (in this example). A piece of
flannel follows the cutter for cleaning purposes, and is placed
about one to two feet behind the cutter,

As the draw wire is pulled through and brings the cutter
after it, the copper conductor with the proper insulating beads
is drawn into place and the co-axial cable is finished,

Special fittings are used to seal the ends, they look
something like a spark plug, but as yet none has actually been
installed. Special junctions have been designed to permit right
angle bends but at the stations I visited they have not been
installed, instead a turn is made by bending the tube in a
circular arc of large radius of ~urvature (about 30 feet or so).

’

#* Simple device sasily
reproducible herec,
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The right angle connectors look somewhat as below:

Disk to avoid losses by change of
r /

wir surge imgedance of llne when turning
Y \K thri 90° in the little disk-1like
w![re

box.
(The 1line i1s similar to that supplied by National; frequentite
insulators are used; which was believed to be Isolantite,)
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I\II.B .

The M.B.l equlpment has not changed and the production
of M,B.l transmitters has been temporarily suspended. The M.B.
II equipment will differ only in the transmitter which will be
a higher powered one,: .the increase being from 40 to 150 Kw.
(The figure 40 Kw. for the present sender is given as 20 by
some of the people at Bawdsey but it will probably develop
nearly the full 40 Kw.) The increased cost of the more powerful
transmitter will be only £500; being in fact £2500 ag compared
to £2000,

On 19th May, 1939, the design was still in the dis-
cussion stage but 1ldeas had crystallized somewhat and the first
model was to be delivered by the contractor early in Oetober,

The following notes are points which Metropolitan
Vickers are supposed to incorporate in the M.B. II sender -
two wavelengths,rapidly and easily selected by a change-over
switch. This feature was seen at Manchester on the G.L.IT
transmitter and consists of a large hand wheel which moves a
geries of two-pogsition switches. It 1s very rapid in action,
The power plant for the transmitter is evidently still to be =a
15 X, V,A. petrol-electric plant. The tubes to be used in the
M.B.II sender will be two VT 58!s in push~pull (filaments 13
volts; 50 amps.) as in the G.L.II sender and the two output
tubes will be NT 60's (i.e.Navy type valves made at Signal
School.) They are silica valves® and later will be rc¢placed
by glass tubes made by G.E.company, Type 1024, but the latter
are still in the initial stages of development and production,
It is hoped that powers as high as 300 Kw. may be obtained when
the G.E. tubes are put into operation. The silica valves require
a blower which is installed on the top of the transmitter. It
is hoped that the blower will not be necessary when the glass
tubes are substituted but it it may well be. (The air is
blown on to the filament seals, to prevent the silica melting,.)
The control of emitted impulses from the M.B.ITI sender is to a
square wave (50 volts 12% cps) which will also lock the time=-
base of the receiver. The weight of the new sender is estim-

ated at two tons.
f@h Blower

Pulse lock=| Oscilla- | Amplifier
ing etc. tor tubes tubes and
& tuning | tuning W
L aem
Power Supply

FRONT END
3% Voltage 25,000: filtered power sup:lye.
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It will be much the same size as the present M.B. viz., about
6' 6" long 4' wide about 5!' 9" or 6' high. All parts are to
be "Tropical Finish' so that the equipment may be used at
places like Egypt, Singapore etc.

The recelver is in a somewhat ambiguous position.
There 1s said to be only one M.B.receiver (type No.RMZ2). Of
these there are only two In exlistence; one at Gibralter and
one in Egypt, but seven more are to be delivered shortly by
Cossor . Another receiver (RM4) 1s being deslgned however,
As far as T can gather RM4 does not incorporate brand new ideas
or parts but 1s rather a better arrangement of units for
convenlence 1In operation plus some cholce of the newer unlts
which are shortly to appear for the latest C.H. receiver,

The operator on an M.B.receiver 1s supposed to do
all his own reductlion and to give out to a telephone line the
full information concerning aircraft, viz., range, azimuth
and height., Some increase In personnel and organization is
%ossible here to speed up things a blt should that be desirable.
n any event,; the organization and use to which any given
M.B.unit will be put will depend upon local conditions.

The sender will tune to two wavelengths, the receiver
to any wavelength In a wide band but in general only one aerial
system will be used so that two wavelengths. will require two
separate aerial systems.

In order to make the M.B. equipment see in all
directlions the aerlals are to be arranged as below:

t Radiators

Reflector: Reflector

Reflector

The radiators are to be crossed dipoles used alternately., Four
reflectors are to be provided so that the M.B. operator will
view each of the four quadrants in turn. The different aerial
systems possible with this arrangement will be swiltched in
mechanically in turn by the operator. A motor driven-switch

for general standby observation could be added if desired, which
could be cut out at will, and this might serve to ensure that
the operator did not concetrate too much attention on some
quadrant and neglect others, For standby work it might bhe
arranged to look for one minute in each direction .



204

G,L. IT

The G.L. equipment was not inspected again at
Bawdsey owing to lack of time, Work on the G.L,II type was
progressing but is difficult to estimate when 1t will be
ready. Many of the ideas to be incorporated were still in
the paper stage, but production of G.L.II (which 1s the model
Incorporating angle of elevation, or heilght of aircraft, as
well as range and azimuth) is hoped for by the end of December
or early January,

The G.L.I 1s the only type of G.L.1n existence =~
G.L.I was a "hand-made" model with a transmitter built by
Bawdsey. The next or G.L.I. , verslion employs transmitters
bullt by Metropolitan Vickers, and they are all fitted for
use on two wave-lengths but only one aerlal system is supplied.
The newer sender has safety devices of an improved nature and
on the receiving aerial side provision has been made to raise
or lower the aerial system to accommodate different wave~
lengths, as the height above ground is an important factor.
ihe aerial systems are well described in the draft specifi-
cations.

The sending aerials are simple dipoles,having small

sliding tubes at each end to allow some change of wave-length
without requiring new aerials, but the change of wave-length
must be regarded as a relatively lengthy process, involving
setting the dipoles to the correct length and determining the
correct height above ground, Once these adjustments are
known it would probably take about ten to fifteen minutes

(or more) to change wave-lengths. The change is only a relat-
ively small amount.

If it were desired to use a G,L. only at one fixed
station it 1s possible that a more efficient fixed aerial
system might be devised, or alternatively 1if the G.L. were to
be moved only to two or three fixed points, it might be
desirable to have two or three fixed aerials and simply move
the sending and receiving apparatus from one aerial to another,

The transport for G.L. is given as three trucks
and three trailers, Actually none of the electrical equipment
i1s carried on the truck itself., The three trallers carry
a sender, a recelver and a power supply (15 KVA,)respectively

I think personally that the design of the trailers
would not be very suitable for Canadian conditions. They
would be very cold in winter and very hot in summer, Some
thermal insulation should be provided, a different roof struc--
ture is desirable and a more elaborate ventilation system
should be added, by including one or two fans. Some form of



2l.

heating should be provided for winter use, the small stoves,
either wood, coal or oil, used in ordinary house trailers
might be suitable.

The huts, 1f anything, are a little on the small
side, As they are only 10! 8" long inside,this length could
probably bé increased slightly with great advantage in the
case of the receiver hut where the two operators are quite
crampcd. The space is not so important in the case of the
power plant but the transmitter room has only gbout two
feet to spareat sach end of the transmitter. A length of
about fourteen feet would be much appreclated in the receiver
room and there is no real reason why the three trailers
should not all be the same size. The inslde wldth 1s now
6!' 7" and it is not desirable to lncrepss that wery much,

One poor feature of design of G.L. which does not
seem to be changed even in G.L. II. 1s that iv is difflcult
to change the cathode ray tube. The operator has to get &%
the back of the set and unfasten a number of tarminals,
requiring from five to ten minates to change tur3s.

On Sardonyx the Navy had a much better system
which could be modified to sult G.L. whereby the whole catbnde
ray tube was carried in & little steel carriage and this could
be quickly withdrawn and the next tube, already mounted
in its carriage was slipped into place. Banana type plugs
were used for the electrical connections and no difficulty
was experienced with voltages or contact resistances. A
protective relay was also incorporated to prevent an operator
putting in a new cathode ray tube while the voltage was turned
on. Withdrawing the first carriage turns the cathode ray
tube voltages off and these have to be reset and adjusted
in the normal way after the new tube is put in place.
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C.D.

le This type. designod for coast defence, to gilve
range and bearing of surface ships, is also capable of de-
tecting the wave-hopper aeroplane and so fills in the weak
link of the large C.H.stations. It is intended to be perman-
ently installed at fixed stationse.

Its performance, as regards range, 1ls dependent
upon the height above sea level of the stationi For a
height of 50 feet, the maximum range is about 8 to 10 miles
and increases approximately as the square root of the height.
The accuracy of range 1s about + 25 yards at distances of
14,000 yards: The azimuth can Be found to within + 15
minutes of arc (possibly 10 minutes). Unfortunately, when
dealing with aircraft, no height or angle of altitude deter-
mination is possible yet with this equipment: A ship is in
the "field of view" over an angle of about 10 degrees,

Aircraft flying at 500 feet can be detected and
their range and azimuth determined at distances of 25 miles
for a station whose height is 50 feet above sea level, The
range for both the aircraft and ship case 1s roughly the
visible distance. A ship must have an appreciable part
of its hull showing to detect an echo from it,

2e The method used is a beam system and not a flood=-
lighting ons. A transmitting array is mounted on the top

of a rotatable hut and similarly there is a corresponding
array and hat for the receiver, which is spaced at, say,

up to 100 yards, from the transmitter, The rotation of the
huts 1s controlled by the receiving operator and both huts
rotate together. The speed of rotation is usually about 10
degrees in 5 seconds.

Se The transmitter is a squegging oscillator controlled
by a pulse, injected into the grid circuit which acts as a
trigger (seec Figure page 27 ).(Transmitter Diagram)

The peak power is about 20 Kw; 1s 11 meters;
and since each array, sending and recelving, gives a gain
of about 100:1 compared to a simple dipole, the net increase
is 10,000:1.  The length of the pulse 1s 10 psec. and is
repeated 1,000 to 5,000 times per second.

The arrays are also shown in Figure 1, page 27
They have been designed to glve a heam with an angular aperture
of 10 degrees, moasured 6 db down from maximum signal on each
side of the beam.They consist of five elements in a horizontal
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line, and, are stacked in four rows vertically. A reflector
curtain, 7\/4 behind the radiator is fed 90 degrees ahead of the
radiator.

In addition, provision is made to swing the beam
through a small angle €. To do this the different sections of
the array are fed in different phase relationship by having
feeders of different length. Referring to Figures ITI ahd IV
feeder lengths from the transformer T; to the elements are shown
as 1, 1 + x, 1 + 2x, 1 + x, l,respectively. The two short
lengths 4x and 2x, separate the ends of the feeders to the two
outer pairs of elements. A switch C can be connected to either
points A or B, and it i1s clear that when connected to point A
the lengths of the feeders to the various banks of elements are
l, 1 + x, 1 + 2x, 1 + 3x, 1 + 4x, reading from left to right,
and 1 + 4x, 1 + 3x, 1 + 2x, 1 + x, 1, reading from left to right
when connected to the point B. The distance x is calculated
from the formula x = L sin ©, where L 1s the total width of the
array, so that by switching from A to B the whole beam can be
made to swing (or rather to jump) through the angle & .

The swltching mechanism is a mechanical, motor-
driven spring contactor. At present only the receiving array is
altered. The sending array 1s left alone. The switch 1s en-
closed in a little box zbout 3" wide x 4" deep x 6" long. See
Fig. IX. The feeder wire ends on a little phosphor bronze strip,
which can be bent down at either end to make direct contact to
either end of the feeder to A or to B so that the electrical
2x or 4x length 1s added to the other side. Two of these contacts
are used for the outer and inner pairs of dipoles, and a third
contact switches a small d,c. bias on the tube base to give the
"splitting" of the echoes. The resistance is of the order of
megohms so no radio interference is so caused,

In,addition to sending out the maln lobe,:. s shown
Ain the figure, various minor lobes are also transmitted. Some-
times troublesome echoes are obtained from these minor lobes and
the radiation in unwanted directions should be as small as
possible, and the site should be picked with this limitation in
mind, wherever there 1s any choice in the matter.

The recelver, as such, has not been developed
specilally for C.D., but speclal auxiliary gear has been developed
for this application. The method of application is to search with
the maln beam over the arc to be defended. When an echo appe ars
which requires investigation the switching device in the trans-
mitting array 1s operated, thereby "wobbling" the main beam.

At the same time, the whole time-base is moved to~and=fro

N.B, (24 June,1939)"Is" at the time of writing should be read
in many cases as "soon will be'",
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sideways, by applying a sultable D,.C.bias to the horizontsal
deflecting elements. Hence, if a ship is properly at right
angles to the plane of the transmitting array, the size of
echo from the ship i1s the same whether the beam is directed

to A or to B. If, however, the array 1s not properly oriented
and the ship 1s in the relative position S,, then a larger echo
is obtained when the boam 1s pointing in tﬁe direction A than
when 1t 1s pointing in the direction B. Because the time-base
on the receiving tube is moving back and forth in synchronism
with the jumping of the transmitting array pattern, the two
echoes are seen on the screen displaced from one another by a
small horizontal distance,

_ Because thils doubling of all echoes would give a

very confused plcture on the cathode ray tube, it is arranged
that only the two desired echoes show at all. The procedure

is to have everything in focus generally. Then Iy closing

a circuit some echo will appear brighter than the rest. As the
range pointer 1s moved, this bright echo follows the pointer,
When one echo has been selected for study, throw a switch

and everthing else is defocussed on the tube., Then the "wobble"
or "jump" is turned on the transmitted beam and the whole hut

is turned until the two echoes are of equal amplitude,

The readlngs from the receiver are transferred directly
to the gun predictors and are¢ range, rate of change of range
and azimuth.

The method of picking out the required echo may be
termed an electrical stroboscope. The time-base circuilt gener-
ates a saw-tooth wave and the voltage is applied to the grid
of a valve having a bias vhich 1s variable over a wide range.
When the bias is less than a certain amount, there is no plate
current, and when the saw-tooth voltage exceeds some critical
value, the valve becomes conducting and the plate current is as
shown. The change of current, in the transformer in the anode
circuit, is applied to the biasing voltage (or focussing voltage)
of the cathode ray tube so that momentarily the brilliancy is
increased for a snall portion of the sweep circuit. Now by
decreasing the brilliancy of the general pattern sufficiently,
it becomes invisible and we are left with only the desired echo
visible. The point at which the brilliancy is changed by the
saw-tooth voltage is determined by the setting of the range
pointer, so that as the range alters and the observer moves his
range pointer the echo 1s always in focus.

New ideas in the course of development for C.,D. include
a spiral time-base (8 feet long), experiments on the comparative
values of horizontal and vertical polarizations for ship
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detection, on the use of 18 cm. waves, and very shortly a
second apparatus will be available for installation at an
elevation of 500 feet, to test the effect of heightabove-sea

of the statlion. One point which the present apparatus does not
solve in a completely satisfactory manner is the case of a line
of shlps steaming at right angles to the line of sight all at
about equal ranges and having about, say, 2 degrees useparation
in azimuth,

It is estimated that about 125 man-days will be required
to make a duplicate set and a rough guess at the cost of a
commercial C.D.was given as £1,500,not including the huts.

It is believed that vertlcal polarization may give
better results at dlstances greater than 25 miles, but that
horlzontal polarization will be better at shorter ranges be-
cause of scattering etc,

The use of centimetre waves 1s regasrded as a long term

research., Receivers are very inefficlent at these frequencies
at present®¥ The pulse magnetron will give a kilowatt output.
Since 10 cm. waves are heavily absorbed by water-vapour and

fog7 and since 20 cm. waves are just on the border-line, 1t may
happen that there 1s a band of wavelengths which are heavily
diffracted and which will give greater ranges than the optical
distance. The 11 metre waves will, of course, see through fog
and darkness and so possess great advantage over optical methods.

The spiral time-base is intended to be used with a
special cathode ray tube developed by Von Ardenne. The voltage
(see Figure VII) from the tuning condenser of a thermostatically
controlled L.C. circuit is applied to a pair of deflecting
plates and a pair of deflecting coils of the cathode ray tube
which produces a rotating spot so long as the L.C.circuit
is oscillating. This circuit 1s, however, only given a momen-
tary kick and sets up a train of damped oscillations which decay
exponentially. The kick is glven at the start of the saw-tooth
sweep ¢ircuit.

The net result is a train of damped oscillations which
decay linearly with time,; so that measuring radial distances
on the cathode ray tube the range is accurately given. If a
motor driven cursor is fitted and made to follow a particular
echo, then its angular velocity can be transferred to the
predictor as the rate of change of range. One great advantage
of the spiral time-base 1s that it gives about eight feet of
scale length. The azimuth of the ship is determined by the
position of the echo with respect to the vertical line on the

% Cf. Navy
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cathode ray tube and measuring this angle wlth the same cursor
gives the ship's bearing from the observing station.

The cathode ray tube for this work has one set of electro-
static plates and one set of electromagnetic colls which are
used for the spilral time-base; in addition the cathode ray beam
passes between two cones and these cones are used to deflect
the spot electrostatically. A diagram showing one echo on a
spiral trace is drawn at the end of the tube,

It is anticipated that some work on height determlnation
might be done by using two lobes spaced in a vertical plane
and having some form of goniometer or d.f. arrangements between
the two lobes.

Just as I was leaving the C.D.people were trying some
experiments using vertical polarization instead of horizontal.
This was found to glve more near-by clutter but gives quite as
good an echo as horizontal polarizatlon on a distan® light-
house. In this case the array for vertical polarization had
a gain of only 100:1 compared to the gain of 1000:1 in the
case of the array for horizontal polarization, (power gains)
so that the vertical polarization evidently has some advantages.

The suggestion was that it might be possible to use
vertical polarization for range finding on distant ships and
horizontal polarization for objects closer in. Any method of
physically moving the whole array would be clumsy however and
it might require some special commutating device, The ideas
were only half-formed but the experiments with echoes from
vertical polarization may be of value.
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A.S IVI

The apparatus for this particular application was in a
peculiar state when I left England. The original idea was
to use quite extensive aerial systems and relatively low-
powered transmitters. Wherever such aerials can be installed
the apparatus developed was adequate, simple and could be turned
out in large quantities by the manufacturer .

However, the large aerials interfered with the gun
turrets on some machines so that gear was being developed when
I left to use a higher powered transmitter, a better receiver
and simple dipoles for aerials. The use of simple dipoles
will undoubtedly improve the aerodynamic performance of the
alrcraft, and the improved receiver has been greatly reduced
in weight. The larger power supply required should not prove
troublesome from the point of view of weight because a motor
generator was used in the filrst instance. One difficulty has
been encountered in finding a sufficient number of driving
points on the engines of certain machines, but this is a diffi-
culty of a constructional and not a radio nature.

The equipment described below is the origlnal equipment
and the information was obtained for the most part on 12th
April, 1939. The final receiver was seen 1later
but doubtless many changes have taken place since then. The
difficulty about the installation of aerials appears to have
first arisen about 20th April, 1939,

The original A.S.V.transmitter was a very simple affailr.
Two tubes (type G.E.Co. DET 12 similar to RCA 800) are used in
push-pull in a modified sort of tuned-plate, tuned grid circuit,

The scheme was to have Yagl arrays for both sending
and receiving aerials. These can be installed only on planes
of a wood and fabric construction and are not unreasonable on
older types of machines because they do not upset the perfor-
mance of the alrcraft or appreciably affect it. The large
Sterba array was intended for all metal planes but is really
a8 pretty cumbersome thing to put on an aerdplane. It might
be all right on slow-speed flying boats or similar craft but
the real answer for the all metal plane must be found in a
better transmitter., Dr. Bowen had an idea that by using much
shorter wavelengths they might be able to apply the principles
of the horn-type radlators developed Lty the Bell Laboratories.

The o0ld arrays gave gains of about 3:1 in field strength
when using Yagis. That is using eight directors, and the gain
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varies roughly as the squarc rcot of the number of directors,
With Sterba arrays the gain wasg a littls better than when
using Yagi arrays., i.6. gain in field strength was about 4 or 5
times, The tuning of *the Sterba array did not seem to be very
critical., The Sterb. also has the advantage that minor lobes
are less troublesgsoms. Thes angle of the beam 1s about 18 to

20° wide, measurud 6 db dovm from maximum, on each gide, for
the cage of ths Yagi with eight directors.

The power zupply is now an engine-driven alter-
nator but attempts were nade at first to run a motor-generator
set from the battery on “he plane, The alternator can be pro-
duceuin ‘reat quantities by Mefropoiltan Vickers. It is
rated at 500 watts, can give 1000 watts without damage to
~tself, weighs about 50 pounds and would cost about #£50.

The machine has an 80 volt oulpwt and is shown in the photo-
graphs in the spscial rzport by M.V. on this alternator. It is
of the inductor type s thet there are no slip rings and no
rotating electrical coils. This is a big advantage because

it preoduces no unwanted radio noises and docs not require to
have suppressors fittzd. It is a high frequency alternator
(1200 cps to 2400 cps: ard a standard voltage regulator, mod-
1fied slightly at Baw.sey, controls the alternator field.

The schematic circuit of the regulator 1s shown,

Magnet

magnetic control, moving rheoskor
in Fleld circuit, 5% regulation.
Control gear is all moun ed on
contral ~ panel.

—0% V, - rectified, operated -electro-

ral

Dr¢ Westing house

7z 2

7 /

The regulators are also made by Metropolitan Vickers. The
cablss used are all shislded,

The transmitter operatcs at about 1l; meters and
the frequency range is such that 1% operates between 1.4 and
1.6 muters by sinply changing the length of grid line,
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Pulse width depends on C: recurrence on 1/RC and is roughly

proportional to 1/RC and to ratio V(grid cut-off)
V{ancde volts )

(Ry is a current limiting resistor of the order of 100 ohms). The
factor (Vg) 1s usually of the order of 4. Cz e 200puf and Cp 1is

(Va)
about Suuf, the latter will change with stray capacities etc.With
this type of transmitter 1t is necessary to ensure correct phas=
ing at both ends of the resistor R. With type of transmitting
tube employed, and 1/4 chokes and the filaments are already about
A long, which makes filament leads earthy. To set up the trans-
Z mitter simply put a milliameter in the placo lead and tune for
minimum anode current, which then gives best adjustment for pulse
transmission.

This transmitter is forced to squegg and the periodicity
is controlled by the c.r.circuit.

Mutual interference between the transmitters of two
neighbouring aircraft is thought to be unimportant because no
standing Interference pattern will appear on the cathode ray tube
unless the two transmitters are synchronized. Since a very high
recurrence frequency is used thls will not, or should not occur
in practice, (This recurrence frequency 1g of the order of 1 to
10,000 times per sec,) The transmitter gives a peak power of
about 1 Kw. when plate voltages between 3000 and 5000 volts are
used. The current limiting resistor Rg 1s necessary to prevent
damage to the tube,

The voltage for the anode is obtained from the alterna-
tor using a step-up transformer and a very simple filter circuit
consisting of a large condenser. The peak current is about 1 amp
&c 3000 to 5000 plate volts. The rectifier tube 1s a type ULY,
the condensers used are 1/2uf at alternator frequencies of 1200
cpss and should be 1uf at more at 50 cps, Use condenrngers of
normal voltage rating.
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The control panel must be close to the operator and
the rest of the equlpment can be installed anywhere (except
the engince-driven alternator, of course). The production
equipment is fitted with reasonable safeguards, e€.g. no H.T.
can be applied before the filament volts are turned on; H.T.
meter supplied and fuses inserted at necessary points.

In some planes we saw the transmitter was installed
in the tail, in one, a Fairey Battle it was installed in the
wing.

The early receiver was a rather unsatisfactory device.
It employed a standard television chassis and was a bulky and
heavy unit, Detalls were obtained of the
receiver but it is entirely out of date now. As produced by
Cossor it weighed of the order of 95 1lbs.

The present receiver is a standard television chassis
made by Pye and a small unit 1s added for the H.F. mixer stages
The total weight of this receiver (without power supply) is
between 6-8 1lbs. A satisfactory power supply for aircraft use
can be obtained weighing about 8 1lbs., or so, but the British
units seem to be heavier, The welght of cathode ray tube and
its power pack would have to be added to the welght of the
receiver. This would add about 10 to 15 1lbs. depending on
the size of cathode ray tube one desired to use.

Although the recelver was 1n an unsatisfactory state
when I left, I would expect this to have been altered by this
time and in any event the receivers can be produced in large
quantities, comparable with the rate of production of an
ordinary 10 or 12 tube radio broadcast receiver. (Mixer tube
Acorn - 3232D).

The new transmitter will be a little bulkier than the
old one, I think it will be too big to be installed in a wing,
and more care will be necessary when installing it because of
the higher voltages that will be necessary but it should not
be very much heavier. The statements in this paragraph must
be considered conjectures., The power output is expected to
be 10-20 Kw. and for this voltages of the order of 9000 to
10,000 volts will be used.
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Fleet Air Arm & A.I. etc.

For these applications the main apparatus viz.,
sender, receiver, cathode ray tube and power supply remailn
as before but the differences consist in (a) the aerial systems
(b) the field of view (c) the method of switching aerials
and (d) the picture obtalned on the cathode ray tube.

The A.S.V. application employs aerials which see to
right and left of the plane and these are commutated mechanic-
ally so that alternately the pllot sees a picture to the right
and then to his left., At the same time the dlrection of sweep
of the time base 1s reversed so the picture he sees on the
cathode ray tube is somewhat as below:

0

L )
0

' EI'
I
1
]
)
i
L]

STARBOARD

In this case a ship is indicated on the port s*de at a range
indicated by the arrow. The mechanical switches have been not
entirely satisfactory and some more attempts are being made

at Bawdsey to use electrical switching.

For the Fleet Air Arm application it is desired to
have a device to allow aircraft to home on a carrier., For this
great range or extreme accuracy of azimuth is not essential.
The transmitter aerial is therefore a simple fixed dipole which
sends a signal out in the direction of the line of flight.

‘'The receiving aerial is a simple dipole rotating at
800 re.pems, The time base on the cathode ray tube is synchrone
ized with the rotation of the dipole, and 1is, in fact, tripped
twice per revolution., This rotating dipole is not mounted
in a streamline house yet. Aneroid cups on the ends of the
dipole were tried as a substitute for the motor rotating the
dipole but were abandoned. 2% dipole mounted below plane

(Dipole about 2! long)

A"television"picture is obtained on the face of the
cathode ray tube for this application because the cathode ray
spot 1s given two deflectlons simultaneously, along two axes
at right angles to one another, Normally the spot 1s out of
focus until a signal 1s received, when a bright spot will
appear on the tube face: _
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Copper or brass slip rings with ordinary carbon
brushes, like a machine were found to be the best to use for
plcking up the signal. The horizontal time-base 1s a condenser
resistance combination. (there are two contacts on the shaft
driving the rotating dipole. These short a condenser which has
been charged to a high potential through a high resistance,)
This "frame™" time-base gives two sweeps per revolution.

This Fleet Air Arm application is progressing
favourably but was in a stationary state when I left pending
the development of the larger transmitter.

A'I.

This application had made the least progress of the
adapticnsto aircraft of R.D.F. The polar diagram of strength
of reflected echoes from an aircraft varies with the type and
for some machines 1t is apt to be difficult to get good
bearings, but this is a problem to be solved by experience.
The methods used now are to have four fixed receiving dipoles
and a four way commutator. The cathode ray tubes are suppliled,
First the pilot looks to the right and left and the figure
appears on one cathode ray tube telling him which way he must
head, then he looks above and below which tells him whether to
increase or decrease his altitude. As far as the pllot is
concerned, both pictures appear all the time on the cathode
ray tube.

At present it 1s intended only to fit fighters with
this A.I. equipment, which will probably preclude the install=-
ation of the larger transmitter. However, the maximum range
desired 1s relatively short, so probably the older transmitter
will be adequate.

The idea of A.I. is that the Fighter having been
brought within reasonable distance of the enemy by a large
C.H. or C.0. station can then determine his own course exactly
for the last mile or so of flight and consequently be brought
within striking range of his target.
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Contour Navigation

This is not a type of equipment but merely a method
of using A.S.V. for blind flying. The A.S.V. being, amongst
other things, an. absolute altimeter, it can be used to keep
a log of the exact heights of ground above sea-level when
flying over a country such as England. Knowing approximately
the course, the exact position on the ground can be determined
if the contours are known sufficiently well. There are
evidently some cases where such exact information about the
altitude can be of value to aerlal navigation, e.g., returning
home, determining well known formations such as the Rhine
Valley eotc.,

All these alrcraft types will eventually employ the
same type of cathode ray tube. This has not been finally
selected but at the time, opinions werc wavering between choos-
ing a Cossor or a Mullard 4" tube, but in either case, it has
been decided to use the electron focussed type.

When I left England it was intended that Pye should
make the complete receiver, including the mixer stage.(The
tubes used are EF50 (pentodes) and acorn valves in the mixer
and beat oscillator.) The I.F. chosen was 45 Mc/sec, and the
recelver has a band-width of 1.5 Mc, The R.F. band wldth 1is
about 3% Mc. so that tuning is not unreasonably critical. The
overall voltage gain is about $ million. It has been found
that a dipole mounted approximately /10 away from the side of
a metal plane has a gain of about 2 to 1 compared te a dipole
in free space . As the new transmitter is supposed to have a
power output of 10 to 20 Kw. the overall performance of
A.3.V.IT should be a little better than that of A.S.V.I.

Sketahes of the different types of aerials have been
given by Bowen in the material supplied to C.A.S. by the Alr
Ministry.

Bombs

R.D.,F. 1s a sensitive detector and it was early
discovered that bombs falling from an aeroplane could be
detected. There was a suggestion that equipment might be
installed 1n the plane to follow the flight of a bomb down
to an enemy bombing plane where the bomb could then be exploded.
Ultra short wave equipment could be used to transmit the signal
to explode the bomb. At filrst difficulty was experienced in
getting a large enough echo from the bomb with the relatively
weak transmitters carried for R.D,F. in planes, so that varlous
aerials and reflecting wlre systems were fastened to the bomb
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to incrcase the echo. (The new more powerful A.S.V. sender

may help this aprlication.) The operator is supposed to watch
the echo of the enomy plene and on the same screen he will see
the echo of the bomb relecased from his own plane. When the -

two echoes coincide the bomb should be the same distance away

as the cnemy plane so the operator sends out a signal and
detonates the bomb. The difficulty with this system is that the
area of fragmentation of a bomb is such that when the two objects
aro at the same range the enemy plane will generally be missed.

This must be regarded as very much in the experimental

stage but it was regarded in Bawdsey as of less promlse than
the photo-elcctric bomb,

KA Rough representation of
&ﬂ@) 4,_/ fragmentation area.
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S.A. Notes from Signal School and H.M.S.Sheffileld

Signal School on H.l.S,Victory was visited on
1lth May, 1939, and a short cruise on H.M.S.Sheffield made
on 1lth May, 1939 and 12th May, 1939, The Osprey was visited on
13th lMay,1959.

The work on infra-red detectors for ships (and on
cm. waves) is being done at the A.R.L., Teddington. The
present ranges were thought to be 3 to 5 mliles on destroyers
and 6 to 7 miles for ships 10,000 tons or more,

The R.D.,F. system in use in the Navy at present 1is
a beam and not a broadcast system. The aerials have two half-
wave elements stacked vertically and a reflector is placed
behind each element. An exactly similar arrangement is used
for the receiving aerial. The beam has a half angle of about
45° so that it is only moderately directional. Originally the
wave-length was 4 m., but this was later changed to 7 m.

The performance of the present equipment is about
50-40 miles range normally, although alrcraft have been detected
up to 75 miles with this equlpment on occasion. The accuracy
of bearing is about 5° to 10° but improvement 1s expected. The
determination of height is only an approximate one. For any
given height of installation the amplitude of the received echo
is dependent upon the range, - and the square root of the
height of the aircraft. Hence knowing the range and the echo
amplitude a rough value of helght can be given.

The present transmitter is 12 Kw. output but the next
version is to be a 50 Kw. output. The equipment demonstrated
at Portsmouth has not been to sea yet (i.e. on 1lth May,1939)
but has been constructed along approved Navy lines and is
immediately fitted for installation,

Two range scales are provided, a 60 mile scale and
24 mile scale. The recurrence frequency of the pulse is 50 per
second and the calibration oscillator is such that the range
scales are graduated every five miles. At the receiving opsrator's
position there 1s a switch to control the emission from the
transmitter so that transmissions may be restricted wherever
possible,

The transmitter uses quartz transmitting valves having
thoriated filaments with an emission of 20 amperes. They are
made in Signal School, have a peak output in the neighbourhood
of 75 Kw, and operatc with 30,000 volts on the anodes. Special
rectifier valves developed by Signal School are also used and
have a peak inverse voltage of 68,000 volts. The transmitter
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and receilver are drawn out on sketch 46/39B and 46/39A.

The pulsc genecrator employs thyra-
trons at prescnt, the pulse 1s
amplified and distorted and finally
applied to the grid of the modulator
valvec,

Transmitter

To monitor the waveelength of the trensmlssion, a
special wave meter has been developed, The signal is picked
up and goes through a buffer valve to the tuned circuit. This
is connocted to a diode as shown and the long time delay in the
input circris (i.,e., 0.4 sec. in the case shown) of the diode
permits an approciable reading on the output meter, If this
or some similar scheme were not adopted the measurement of
wave-longth without changing over the C.W. 1ls quite diffiocult.

Vz

Vll

Input (_* 4M)

The recelver used 1s a superheterodyne, with an I,F.
of 4 Kce (?) (4 Mc.?)., The aerial, R.F. input and oscillator
are all tuned., Galin control 1s provided by variable grid
bias on the first two tubes.

The equipment described thus far is the Mark II model
of the Navy; that described below which is installed on
Sheffield and Rodney 1s the Mark I model. Technical description
glven elsewhere copied from Navy manual on the subjects (This
was o typewritten manual and it is doubtful if copies are easily
available,)



39.

Drawings No.24048 and 24120 from H.M.Signal School
gEive details of "Power Supplies for Type 79BX" and "Circuit
Diagram Type 79BX" also include some details of ship install-
ation of Type:79X gear. (Note. 79X is the Vavy term for the
type referred to as S.A. in the original report,) In drawing
No.24084 the D.C,supply, converters, fuses, line switches, and
cables for the aerial rotating gear are shown. This is really
a diagram of connections. The cables to the rotating aerials
are "2 in No.PATT. 25236 cables", There are five wires to each
aerial control, The feeder lines to the serials proper are
an open pair, similarly for receiving.

The aerial rotating gear is standard remote control
equipment and is shown diagramatically.

Ha s elarting resigtance
In_seriss with potor
winding . 4Qw. 230v. Jine

T'l,ﬁs .'turns _thinﬁsyg S
chronisim wi irs
Phase coil.

Single

The power 1is obtained from two rotary converters which
are running in parallel. One is simply a spare. Voltage and
frequency of the alternator are controlled by a voltage regulator
Tyoe PATT 62754 and by frequency regulator Type PATT 75174,

The converters themselves are Type PATT 4716 and employ auto-
starters Type PATT 6943A. The voltage regulator controls a
variable registance in the field of the alternator.

The transmitting office is shown in Drawing 24210
and also gives some detail of the antenna. The transmitter,
rectifier modulator, and modulator=-thyratron panel are given in
separate drawings, some of which are reproduced herewith.

The calibrator (in sea~miles) is bullt into the
cathode ray tube unit, and employs a Type AT4 (tetrode) oscilla~-
tor. The frequency is 8100 cycles. A stabilovolt tube is also
uged to ensure constancy (? Type GTlA). On the cathode ray
tube 1tself the X and Y shifts are obtained from the 230 volt
source of A,C. which is rectified by oxide rectifiers.
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The following notes are taken on 12th May, 1939
from a report dated 28th April, 1939, referring to some fleet
manoeuvres. Four aerlal attacks on H.M.S,Sheffield were all
located by R,D.F, Ralds 1, 2 and 4 were continuously followed,
Raid 3 was lost and found at a later time., (In this case the
planes were lost themselves and flew some distance off their
course out of usable range.)

On H.M.S. Rodney the first raid was successfully
followed, the other three not.(It must be remembered the
installation on Rodney 1s relatively recent and the operators
lack practice.)

On Sheffield, the first contacts with the raiding
aircraft, were as follows. No.l raid, 28 mliles, aircraft at
3200'; No.2 rald, 25 miles, aircraft at 5000'; No.3 raid,

21 miles, at 3000!' lost and picked up again 12 miles at 7000Q1%;
No.,4 raid, 25 miles at 3000',

On Rodney, 8 miles to 17 miles. Aircraft at 3600';
this raid was first observed as the ailrcraft were flylng away,

Other points of interest in the report were the state-
ments:

(1) That the R.,D.F.transmissions interfere with the
regular wireless teleZraphy on board the same ship on short
waves, (but apparently not on longer waves.)

(2) Some identificaetion between friendly and enemy
aircraft was desired. (This has since been achieved by the R.A.F.
and 1s regarded as an accomplished fact.)

(3) some means of discriminating hetween single and
multiple alrcraft was desired, (This 1s done regularly by the
R.A.F, at their C.H.stations.)

(4) Despite the instrumental limitations of the
present apparatus valuable information 1s provided, giving
early warning etc,, of enemy approach.

(5) They were not satisfied with the methods of
plotting, but this was regarded as a matter for organization.

(6) So far the S.A.gear has proved disappointing
when used agalnst ships. '

(7) The equipment is good against any aircraft
flying at altitudes in excess of 200 - 300 feset,
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(8) The echoes have a larger amplitude at night and
bearings are easier to obtain at night than by day.

(9) One R.,D,F, transmission can be picked up by
another similar receiver at distances of 200 miles when using
maximum power and at 150 miles when using minimum power,

(10) Remarks regarding 79X, spotting aircraft signals,
eand homing on carriers,

(11) Peculiar echoes all along time base on both
sides of ground wave, spaced at regular intervals have been
noticed by both Sheffield and Rodney, when aerlals oriented 180°
true., Effect larger in the afternoon. Is this some form of
meteorological effect? Geographical location of ship makes no
difference, offect i1s independent of orientation of ship.

(12) The present equiFment cannot yet be used for
controlled interception by the lavy. .

(13) The equipment cannot yet be used as a range
finder (cf. results expected with S.S.gear).

(14) It is difficult to search for aircraft over the
whole 360°,

These criticlisms will undoubtedly be modified when the
existing apparatus is replaced by the Mark II model.

The formula used by the Navy for height determinations
1s h = 4D2 where h is the height in feet and D 1s the dlstance
in miles to the 1imiting range. This is not a good method at
all as the answer may be 2000 feet and in some cases 4000 ft.
in error. Apparently however, to be able to say whether the
aircraft is flying at 5000', 10,000, 15,000' or 20,000!' is
considered of value. The Navy d esires at least 25 milses warning
against aircraft flylng at 300 knots.

There are some ldeas at Bawdsey on aerial deslign which
might well be incorporated in this S.A.equipment (i.e.regarding
the rotating aerials,)
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S.S. 14th March,1939,

Equipment installed on H.M.S.Sardonyx and inspected
on 2nd June, 1939, The destroyer was in harbour and was surround=-
ed by other craft and by various cranes etc. in the Portsmouth
Dockyard,

Aerial

\_\cﬁﬂ/7/7

This 1s the only equipment at present operating on
wave-lengths of less than 1 meter, The wave-length 1s approximate=
ly 60 cms All the equipment, transmitter and receiver, is
mounted in one small room (about 8! x 12t.) The aerials, sending
and recelving, are mounted on a wooden framework on the deck of
this room, The whole framework Can be rotated from the cabin but
the elecetrical connections to the aerlals prevent the system being
rotated through more than about 3700, At that date 2nd June,

1939, the destroyer had not been to sea and no practical trials
under working conditions had been made,

The particular choice of wave-length, may or may not
carry with it certain unforsecen difficulties. There has been
a suggestion by certain experimenters that 50 cm. waves are
absorbed by water vapour but the present destroyer equipment
should operate on a 30 cm. wave-length at some time in the near
future and optimum wave-length for maximum performance can then
be determined.

The transmitter has a power output of 0.25 Kw. (peak)
and omploys Standard Telephone Company valves, Type 4316A. The
Western Electric equivalent 1s their Type 316A. Anode modulation
is used, the modulator being a type BT7 thyratron, Tuned lines
to the filament are used, the grids are tied togethsr and the
anode circuit is tuned. The impulse is 1, 2 or 5 p seconds long
and has a recurrence frequency of 500. The overall dimensions
of the transmitter are about 5!'9" x 20" x 20", A cathode ray
tube on the transmitter is used to monitor the circuit at various
points and can be connected by a multiple switch. The tube
itself is a G.E.C. monitor tube with a television gun.

The feeders to the aerials are concentric line type.
but are of flexible construction which permits the aerial system
to turn, The surge impedance is about 37 ohms.
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The sending and receiving aerilals are mounted on a
common wooden frame, side by side., The arrays consist in sach
case of five full wave elements stacked vertically at distances
of half wave. The radiator is made of 15/16" copper tube for the
dipoles. A reflector behind and a single director.in front of
the radiator complete the system (l.e., stacked Yagi.) Space has
been left in the wooden framowork for three more directors which
are to be added shortly. The present arrays have power galns of
about 20-25 so that the overall gein of the two arrays 1s between
400 and 600. When the additional directors are added it is
believed that the power gains will be of the order of 100:1 for
each so that the overall increase would be of the order of
l0,000:lc

The present equipment measures only range and azimuth,
A projected idea however, will also give the angle of elevation
of aircraft. Briefly instead of having two antenna arrays side
by slde, one would use four, one palr above a second pair.
Calling the upper pair A and B and those immediately below C and
D, then 1f A is the sending array, B and D arrays could be used to
give angle of elevation by Butement'!s scheme and C and D arrays
would give azlmuth by Butement!s scheme.

Some further advantage 1is expected because it is
hOpcd to modify the present transmitter to increase 1ts power
to five kilowatts, and to increase the gain of the receiver.
by about five times, but even without any of the proposed im-
provements, I think the present S.3S.equipment is one of the most
promising types I saw in England,
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The beam emitted ( and rcceived) 1is about + 25°
measured from maximum signal to -6db, It has some minor lobes
but w@ethcr these are going to be troublesom was not known at
the tlmg. It is believed 1t will be relatively easy to screen
these minor lobes, It is proposed to install two complete -sets
on each ship on both sides of the ship, for the detection of
surface vessels, Three separate rangec scales are provided, a
long scale, one having a maximum sweep of 12 miles, and one of
four miles, The minimum distance at which accurate ranging
can be done is about six hundred yards (600 yards) but this will
probably be decreased by practice, The maximum range on surface
vessels 1s limited by the height of the aerial system which was
only thirty fect in the case of Sardonyx. No figures of perfor-
mance werc available at the time but trial trips were to be made
very soon after I left.

The receiver has been carefully designed and 1s
ovidently quite satisfactory. It is a superheterodyne, the ,
radio frequency of roughly 600 Mc/scc. being changed to 45 Mc/seca
in a push=-pull mixer stage. A standard television chassis is used
for the I.F.amplifier and the band width is 1 megacycle. The
chassis has had some modifications to adapt 1t better to the
conditions encountered in the Navy, ©.8. shock—pyoof mounting
ctc. The time-base of the cathode ray tube is fired by the
transmitter keying system. The tube itself (Cossor Type 3278K)
is carried in an ingenious mounting which permits rapid change

of tubes in case of damago.

Both transmitter and recelver were production modelse

i i hed a
They were the first ones made but the design hag reac
poigt where the equipment can be produced in quantity should the

results of the preliminary trials warrant it.

Because of the very short wave lengths employed,

the aerial system becomes Vvery compact, and ymuch more efficlent

nerials can be designed, permitting gho uéﬁeoghgﬁgheagggﬁegéwer
without sacrifice of range orh%cg%g%cg.of he W ort wave

also is reduced in size and b 011 be the first

aves. This typo may W
égggtgnhgswﬁg%g %gxa%gcﬁgique of doéggn resulting in financial

saving. On the other hand, it had not been given any actual
tpials when I saw it.
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I..P.F,

In order to distinguish betwcen friendly and encny
aircraft a device has been perfected to fit on all friendly
ailrcraft, Thesc are being manufactured by Ferranti Electric and
by now the first six hand-made models should have been delivered
to the Research Station. No difficultics in these are anticipat-
ed becausc the Research Station had developed thelr experimentalmodel
to a high state of perfection before asking the contractor to
duplicate 1t. Two (or four) hundred of these have been ordered
for delivery in early July and it is expected to have at least
two hundred fitted in planes for the July manoeuvres in order
to test the method on a reasonablc scale. Should these prove
effective a total order of about twenty-two thousand is expocted,

This device has been developed for uase in connection
with the C.H.stations but owing to the large difference in
the frequency of recurrence of the GL and CH sweeps on the
cathode ray tube it may be necessary to have some speclal
attachment added to identify planes in the GL equipmert. Presum-
ably the equipment which is suitable for C.H. will also be suit-
able for M,B. Similar equipment for C.D. as far as the ships
are concerned, seems to be out of the question at present bascd
on conslderations of secrccy., With a little adaption on the
Navy's part of thelr recceilver it would appear that this I.F.P.
equipment will be equally suitable to them for their S.A.
application(79z), It will evidently not be suitable for S.S.

The principle employed is to attach some device to
the friendly plane which will greatly increase echo observed
at the receiving station. This device can be put in or out of
action according to some prearrangcd code so that the operator
at the C.H.recelver sees an echo whose width varies regularly
according to this code. The width variation is of the order of
2 to 1 which 1s much greater than the fluctuation normally met
in practice. Not only does this increase in amplitude enable
the friendly plane to be identified but its use will increase
the range of its location by C.H.stationsup to distances o?
250 miles in favourable circumstances, (i.e. reasonable helight
above sea-~level of the C.H.station.,) Furthermore the pilot
in the plane can easily change the identification code accord-
ing to a time schedule.,

At first the devicec was simply a tuned dipole mounted
on the leading edge of a wing, with a switch which disconnected
it at prearranged intervals. This gave an increased echo about
3 or 4 times that observed that observed without the dipole
but it was unsatisfactory from an aerodynamic point of view,
Attempts to tune part of wing proved disappointing but thi§
"tapped wing" 1s used now as the aerial and a quenched oscillator
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is caused to oscillate when a signal (impulse) is picked up.
The oscillator radiates a much bigger signal for a short time
and this is observed at the receiving station as a greatly
enhanced echo.

The circuit diagram is glven and whole equipment
is enclosed in a little box about 6"x8"x10" high (including
rubber mountings similar to Lord mountings). The valve Vo
( a double triode; Type RK 34, supplied by Raytheon) functions
a3 a receiver tube on the left hand side, and as a transmitter
on the right hand side., V1 (a type VR 38, Hivac) is the
oscillator tube for the receiver circult. The other two tubes
are 1in the transmitter section of the unit. The action is
that a signal having been received it starts the oscillator
tube which In its turn is rapidly quenched and hence a
very large echo is emitted.

The total weight of the apparatus 1s about fifteen
pounds. The power supply, a small battery driven generator,
forms the major component of this weight. Two useful light
weight generators have been developed for the Air Ministry
and can be used on this job., One 1s made by the Electro=-
Dynamic Construction Company, Cray, Kent. It is a rotary
transformer, 12v D.C, input, and 500 v D.C. at 30 ma. output.
It has insulation suitable for use in tropical countries,
welghs six pounds and costs five pounds (sterling.) The
other instrument 1s made by Newton Bros. in Rugby. It is
suitable for operation by a battery having 11 to 12 volts,
giving an approximately constant output of 380 volts at 40
ma, It weighs eight pounds and costs eight pounds, and is
sald to be capable of operation in any position. ihis is
a relatively new generator compared to that made by the
Electro-Dynamic Construction Company.

The I,F.I'. equipment is intended to be mounted at
some convenient part of the plane (say in the tail) and only
a small control unit, about 3"x3"x2" deep, need be accessible
to the pilot of operator. The control unit has an ON~OFF
switch, a 1little meter or indicator to show that the iInstrument
is functioning properly, a rheostat, a two position switch
for changing the code siznal in the agir. This code is
arranged by having two motor-driven cams (actually they are
fibre disks fastened to the end of the generator shaft) either
of which can be selected at will. These cams open switches
in the oscillator circuit and prevent it .from radiating
any signal. The cams can be changed on the ground if desired,
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LIST OF I.7,7.COMNPOIENTS - SEE DRAWINGS

R Condensers Resistors
Mo. Size. Working Volts No. Ohms Watts
1. oOlpf 000 I, 50,000 2
2. .001pf 200 2. 10,000 %
3. .0005uf 200 3. 10,000 T
4. 1.0puf 500 4, 10,000 7
5, .001uf 500 Se 10,000 T
G O 1pf 200 6, 100,000 2
7 »00002pf  100Q 7o 3 10,000 2
8. .0002uf 1000 8. 10,000 %
9. 40upf % 9. 100,000 3
10, .00005uf 1000 10. 10,000 3
11, «.00005uf 500 11. 250,000 3
12, »0001puf 500 12. 100 T
13. »0003uf 500 13. 100 I
14, 10uf 200 14, 25,000 4
15. .001pf 500 18. 50,000 3
16. .001puf 500 16. 30, 000 1
17. 0.1 200 17. 4,000 %
18. «001pf 200 18. 100,000 1
19, c001pf 200 19. 4 4
20. Ol pf 500 20, 6.7 6
21. «001pf 200 21. 40 2
22 l1.0pf 200 22. 1,000 1
23. 1,000 1
24, 100 %
#* Split Stator Type 1068 % Potentiometer - Morganite
Eddystone. Stackpole, England.

lieter 0,5 ma. (23" Instrument)

S1 Single Make Relay

82 Selector Switch - 3 position - single pole

S3 Cam operated Switch in H.T.supply - single make

S4 Single Pole Toggle Switch. ON-OFF - Fils.

S5 i " n " R for generator
S6 Cam operated switch in relgy field, single make

L1l Oscillator Inductance - 1000 pH

L2 200 pH

L3 H.F.Coil - 7 turns, 100 #cop.wire; 3/16" pitch on
BECOL former (ribbed) 13" diam. - 1.2 pu.H.#

L4 70 pH

L5 50 turns, 20 SWG. DSC. 3/8M diam. Former; 2 1/8" long

i t 7 f il i

L7 1.25 nH

#Centre tapped for H.T.feed. Tapped 3/4 of a turn each side
of centre for L aerial,
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Pl Tel. Jack - Type RAF VOC,AP1086, REF 10A/1837 Sockets
type 28 or 25

P2 P4 7 pin plug

PS P5 11 1]

P6 P7 Aerial plugs, banana type, but with locking devicse.,

Cable 7 core "Septocore" 1 Ref. No.5E/1258
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XY GEAR

Equipment: Uniselector No.2

This is the electrical calculater referred to
previously. It is arrangsd that when the range pointer of
the cathode tube is moved to coinclde with the echo, an

arm moves over a potentiometer sending out inrpulses. Selector

switches, of the type usad in dial telephones, opsrate and
the range is shown as a number on a lighted screen.

When the goniometer pointer is turned to measure
azimuth it also moves a polnter over electrical contacts,
and a number appears indicating the angle & . 1t is
evident that to give the plan position of an aircraft these
values of range, r, ard azimuth, 6 are not as useful as the
map reference X.Y., so the machine, instead of showing i
8, on the illuminated scereen calculateg r cos © and r sin ©
values that appe ar on the board are map coordinates to be
added or subtracted from the grid reference of the location
of the C,H. or C.0.station.

Consider a bank of contacts as shown in the upper
scquare in the figure, There are one hundred horizontal
rows of contacts, each representing a range interval of 1

Km. Setting the range pointer on the cathode ray tube moves
a contact up and down the side of this bank until 1t reaches

57, say, if the range should happen to be 857 Km. Now when

and the

the goniometer is turned to 30° (if the azimuth should happen

to be N 30° E) then another pointer 1s moved %long horizon-
tally to the value corresponding to cosine 30~. A selsctor
switch finds the point marked 57 Km; cosine 30° and the X

coordinate of the grid value viz., 57 cos 30° appears on the

board as 0050, (if 00 is the origin). Similarly the value

57 sin 30° can be found but because sin X is equal to cosine

(90-x) the horizcntal positions are given only for the

angles 0-45° and given at sufficiently frequent intervals to

agsure d.f.accuracies of the order of 3/4 degree, which is as

good as can be guaranteed at the present stage wf the
development of R.D.F.equipment. Electrical means must be
provided to make sine and cosine interchangeable when 6
exceeds 45° but this is all taken care of automatically.

Similarly the height h, can be calculated as the
result of the esquation h = r sing where & is the angle
of elevation.,

Both angles 8 and o< as measured by the goniometers

are subject to errors of site, instrumental etc. and would
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normally be corrected by consulting a calibration chart
before being used. This correction is applied electrically
however, and has one very important advantage when more

than one wave-length is used. The error curves for different
wave-lengths are different and in a hurry one might easily
consult the wrong calibration chart. However, with the
electrical calculator when the aerials are changed the proper
correction is also automstically switched into use in the
caleurlator.

Meedless to say different banks of contacts are
used to calculate XY and to calculate h.

The operation of the machine 1s very direct and very
rapid. Ths observer on the cathode ray tube manipulates
all the controls but does not read anything. The selector
switches automatically set up X, Y and h on the lighted
screen. This number stays on the board until the recording
operator is through with it,when he clears the board (or
screen) by pressing a release switch.

In the meantime, the first or observing operator
has been busy taking observations on another aircraft and
shouldletefinished before the recording operator clears the
board, the machine will automatically store the number until
the latter presses the release switch at which time the
second set of figures immediately appears. Thus three things
can be taken care of simultaneously, a number . appearing
on the screen, a number stored and waiting, a third number
in the process of being set up.

I am informed that there 1s nothing very obscure
about the circuits involved and that they could be handled
by any competent telephone engineer. The curves drawn on
the banks (electrically) must be calculated and the allowances
for site errors etc. in the calculations nust be made
locally as part of the installation wiring, after the station
has been properly calibrated.

Siemen's uniselector swiltches and high speed rclays used in
calculator,.

Ref. Siemen's Magazine, Engineering Supplement: High speed
relay July 1934. High speed Switch October 1934,
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X Y GEAR

Bank of Contects

Range Switch on 100 4
Operator's desk,
Pointer set by echo

quation K cos 6

position,
Pl — ¢ Wired Cartesian curves
(get by theoretical methods)
(0] Fr —p———

p,!

= Pointer set by goniometer
corresponds

ARRRRAREE S

Range conversion calculation

90° /
Arms attached to shaft of
goniometer act as contect on

a potentiometer to set P2,

Angular Conversion
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NOTES ON SOME OF THE TEST GEAR USED AT BAWDSEY
13th April, 1949

The frequency standard is a IMarconi Type TMEL,
crystal oscillator. It is of the secondary or laboratory
sub-standard type. It is % Mc/sec. with doublers to 1 Mc/sec.
and is supplied with multivibrators to work down to 100 cps.
The accuracy is about 1 in 150,000 for interpolated points.

Sullivan standard condensers (air) are used. Also
a Sullivan capacity measuring set. A convenient oscillator-
detector unit made by II,K.Cole was used for many bridge
measurements.

A Cambridge Instrument Universal Bridge was reputed
to be very useful.

Zenith Voltage Regulating Transformer and a TFoster
Variable Voltage Transformer (address Wimbledon) had been
arranged to give a wide range of voltages and currents for
test purposes. The Zenith has ranges of 20 volts, max.
40 amps., and 40 volts, max.20 amps. which when used with two
other transformers can be made to give 700 volts at 1 amp.,
or 4 volts at 200 amps., thus providing a wide useful range.

General Radio equipment was much used. Vacuum
tubse voltmeters, Universal Bridges, Coll Comparators etc.

In addition Campbell Inductometers (two ranges)
measure inductance and ordinary resistance, capacity and
inductance bridges have been set up.

A Sullivan precision wave-moter was used for longer
wave~lengths.

Signal Generators at very high frequencles were a
problem at first but the Marconi instrument seemed to be
satisfactory now.

Routine tests of equipment brought in for use at
the station take wup most of the time of Test Room Staff.

In addition it has been necessary to devise
special test equipment from time to time, guch for example
is the phase indicator used for adjusting the phases of the
recelving arrays. In reality it is an insensitive cathode
ray direction finder. Such instruments would have to be
made locally because there is no manufacturer and it is dubt-
ful if the Research 3tation would have time to build such
equipment for other than thelr own use.
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WOTES ON A CONFERENCE AT BAWDSEY BETWEEN R.A.F. RESEARCH
STATION AND H.M. SIGNAL SCHOOL ON 26 MAY, 1939.

C.D.
It was stated that the 1st Production Model of C.D.
2 was promised by the manufacturers for 5th October, 1939,

G.L.

The beginning of August was given as the date for
regular production to start. It was stated that the site on
the ship must take the present G.L.without alteration to the
G.L.equipment. The G.L.was desired to see if it would work
in its present form for gun laying on ships; the Navy had no
experience with 3% metre equipment and wanted to see if it was
any better; the aerlal system was quite different to any the
Navy had tried up to date.

The question of the G.L.equipment being able to
stand the shock of naval gunfire was raised and although
thought to be adequate,experience alone would prove the point.
The difference in gun laying in the Navy and Army was raised
and the question of predictors briefly discussed,

T.S.l.

It was also desired to try G.L.for sighting ships.
The important points were brought out that valves are not
part of the transmitter and the Magslip is not part of the
recelver but must be ordered separately as indlvidual items.
It was stated that echoes could be obtained from a balloon
at 500 feet elevation with G.L.equipment at ranges of seven
miles. The echoes from two neighbouring G.L. sets worked
in close proximity to one another apparently have no
matually interfering effects, owing to the use of a fast
time-base and the fact that the echo under observation remains
fixed, or stationary.

The variability of "fixed" echges, i.e., of echoes
from cliffs, mountains etc., was brought ‘out and it was
stated that at Ventnor (C.H.) the echoes from the nearby
coast were constantly changing. The range finding on
alrcraft 1s accurate and satisfactory even when such fluctuat-
ing echoes are present but it is difficult to give good
d.f. bearings under such circumstances, and locations had
been found where it was possible to use only a section of
the 360° arc.
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A.S.v.

Production. 8ix sets were made for Fleet Air Arm.
The senders were satisfactory but the receivers no good,
(95 1bs.) It was stated that the five pound receiver should
be in production in from three to six months' time, l.e.,
1st September, to lst December approximately.

The screening required on aircraft means screened
ignition wire leads, plugs, mechanical work on magnets etc.
About one to two weeks are normally required to screen an
aircraft, under pressure it has been done in twenty-four hours.
(Pencil recording was used in Fleet Alr Arm type).

There are two systems of ship detection possible.
One has a range of 15 miles in any direction from the plane
(this 1s the Fleet Air Arm type) and the other (A.S.V.) has a
range of sixty miles, measured from extreme ends, and is the
sideways sweop variety.

A brief discussion on the use of higher powered
transmitters and the abandonment of arrays.

'. IﬂFoF.

This was discussed and it was stated that some use-
ful methods of determining correct wing tappings for the
aerial system had been established. Suggestions were made that
something similar could be fitted. It was felt that only men-
o-war could be so adapted if secrecy were to be preserved.
It was pointed out that the present I.nF".is good only for C.H.
(or C.0.) stations and affords no identification to the G.L.
operator. This point is to be worked on immediately.

The meeting adjourned with a sub-committee to meet
the following day to discuss the relative advantages of
Master Oscillator-Power Amplifier type of sender as compared to
the self-excited Oscillator type of sender. Do not know the
results as I was not there at the time. Believe both sides
8till convinced they are right.
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APPENDIX TO R.D.F. (1)

I'ield Strength of Echoes from Aircraft;
some theoretical considerations.

Ao Consider an infinitely short length of conductor
xg (1.e. elementary dipole) situated in free space and carrying
an oscillator current 1 and frequency n = c¢/s.

If the wavelength of the radiated field is X = c/n
the field strength at a distance 1r along the direction of
maximum radiation AR is

D1 = 377 I he

AT
volts/m (a)
I = amps, hy = effective height,
> = metres, r = Kms.

In the case of a dipole, considered infinitely short,
the current distribution along 1ts length 1s uniform and the
effective height hg = length 1.

If a half wave aerial is used, the current distrib-
ution along its length is sinusoidal and the effective height
becomes

™ (b)

The radiation resistance of a halfwave aerial is
about 80 aehms.

Power radisted W = 80 12
1
I = W (W = Watts) (c)
-
80z

Substitutelfor I and hy in (a)

W=

B) = +26— volts/metre (a)

B. Consider a horizontal aerial T at height hy above

a flat earth. At a distant receiving point A, height hy above
the earth and distance r from T, two rays arrive, one %y direct
path TA and a second by reflection from the earth TRA.



56 o

For small angles of elevation and horizontal
polarization the field str ngth by either ray alone is the

same agd is given by (d4). Also the phase change at reflection
is 180%.

The path difference between the two rays is TqS

1y Wb —" 77777 771777

2ht (hg {7+)hy)
r
2hy hg
r

TS = 2ht sin & =

If hy ) hy 718 =

The angle of lag of the indirect ray =

2 T  2hghy

+ 180°
>\ T "‘l

If one ray alone produces a field E, at A that
produced by both 1is the vector sum of the two }ields.

Resultant field =

Ep = Ey sinwt + By sin (wt -4;T hthg 1800)
~ 7 =

i
= 2E; sin (wt -2 2t Ba _goycos (BT htha g0y
AT A r

= 2E] sin £(t) sin 277 BB (g)
, =~ —=

Omitting the phase term in t, the field at the aircraft

is:
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E, = 2B; sin 2T h¢hy
P T

For limiting ranges sin X = X

h

N
Substitute Ej from (d)

Eo = 477 hthg By volts/metre.
g

E= 4T Btha .26 12
A D.28 T
hyhg 1 N
—0 W W in Kw; in metres;
AT r in miies; ht in feet.
Co The voltage induced in a conductor situated in a
field Eg is:- V=

V = Eghg volts where hg = effective height of

conductor.

If the radiation resistance is R, current induced
is:
E2 he
R

is=

ampse.

2 2
Power re-radiated W = 1°R = Ba P watts (since for half

B0TT= wave dipole hge 2p)
™)
2 2
- E -
= g7 X x1015KW.
80 M2 (e)
= 1.26 X 1076 hi? ng® w
—_I'Z‘——_—— Kw.,

If the aircraft is considered to be & half wave
aerial (e) gives the power re-radiated from it and if w be
substltuted for W and hy for ht in (k) the field strength of
the echo from the aircraft at a receiving aerial hy can be
found.



ioeo EE') =

ol
h, hy 1n feet
or ha in milss
W in Kw.
A 1n meters.

Maximim range r =
miles

©
]

hy hg E 2 PN
AR \V//'ii‘“*——

- 1,12 x 10° we hy hye

10 id/llz

aircraft height.

2

10-3 . 105 pv/m

go W2

wv/m

wl/8 ht1/4 hr1/4 hal/z

(LI

" receéiver array above reflecting
surface,
" gender




VISITS TO METROPOLITAN VICKERS AND A.C.COSSOR

At present Metropolitan Vickers are constructing
all the transmitters for the Air Ministry and A.C,Cossor build
most of the receivers, Ferranti will be bullding the I.F.F.
device and Pye may be building the A.S.V.receiver.

A, Transmitters

The large 200 Kw, C.H. transmitters are in initilal
production stages. The one for Bawdsey was Installed butthe
steel transmitting towers were not finished so it was not
operating. Installation of these large transmitters was being
carried out at five different stations and some of these will
be finished by this time, This large transmitter employs
continuously evacuated valves which involves of course the
installation of complicated pumping machinery and an elaborate
water cooling system.

The transmitter is built in two large units, an
ogcillator modulator unit and a final amplifier. Four wave-
lengths are provided which can be changed by push button switches
from the operator's desk in a few seconds. A large number of
detalled drawings for this transmitter exist and a total of
20 have been ordered. In view of the many advantages of the M.B.
2 transmitter; it does not seem that the large C.H. sender
would be as useful in Canada as the M.B.Z2.

The Manchester factory was visted on 1l4th April, 1939,
and production of G.L.transmitters was just about to start.
The production schedule is for one or two per week for the first
weeks riging to ten per week in July and incrc-cing to twenty
per week at the end of July or early August. On 29th May it was
understood the programme was up to date. The G.L.sender has
been improved by having two wave-lengths to select but the
aerlal situation does not permit of these wave-lengths being wide-
ly separated. The factory has been laid out on mass production
lines for the construction of these @.L.senders.

M.B. transmitters according to the first designs can
be started immediately and would be completed in about six to
eight weeks time. Metropolitan Vickers state they can make
a dozen of these as quickly as six provided that they were all
ordered and made at the same time. The detalled drawings for
both G.L. and M.B,l transmitters are all in existence.

A new design of M.B. has been completed, giving outputs
of at least 150 Kw. It was intended to be used as the C.O0.
transmitter, which stands for "Chain Overseas" and as some
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installations may be in tropical countries all parts have been
given a tropical finish. This results in a few components being
a little bulkier and heavier than might otherwlse be the case
but otherwise does not alter the sender much and the overall
increase 1n dimensions is slight. The M.B.II transmitter will
have almost the same power output as C.H. as far as pulses are
concerned but will not be nearly so bulky or expensive. The
C.H.transmitter is capable of giving almost 150 Kw. on C.W,
(given an adequate power input) but there does not seem to be
any necessity for this because these transmitters are never
used In this way and the provision made for primary power
supply at the various stations 1s adequate only for the pulse
application.

It is hoped to have the first two M.B,II senders
delivered early in September or October and when any initial
difficulties have been overcome regular production on a large
scale should commence about January 1940, An ultimate order of
about 2200 of these 1s expected.

The present A.S.V. transmitter is a very simple affair
and could be turned out in large quantities by any good radio
manufacturer. Ncne of these was under construction when we
visited the plant. The Works Manager told me that there was
nothing about the actual construction of any of these trans-
mitters (C.H.excepted) that could not be produced by any radio
manufacturer who had had ressonable experience with transmitter
design and construction. On the other hand the British contrace-
tors are all ready to make and supply large orders and have
put in new plant on a big scale. Metropolltan -Vickers. had to
bulild a new building and their tooling costs in the neighbour-
hood of .£75,000, were charged to Air MMinistry.

A Mark IT model of the A.S.V. transmitter is also
contemplated but as yet the manufacturer has not been officially
Informed and the work is still in the experimental stage.

B. TRecelvers

Recelvers are made by A.C.Cossor whose factories were
visited on 18th April, 1939 and 4th May, 1939. The C,H.
receivers such as at present installed at the regular stations
can be obtained right away but the anti-jamming variation
would not be ready until towards the middle of May and regular
production was expected to start by the middle of August, with
a capaclty of five per week.
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G.L. receivers, not including angle of elevation deter-
mination, should start about the middle of June and the production
is scheduled to equal the rate of production of G.L.transmitters
viz., ultimately 20 per week.

M.B.receivers (there 1is only a Mark I model for the
receiving end of M.B.) are expected to be ready about June
15th with a production of between 2 and 5 per week depending
to some extent upon the demand.

The A.S.V. receiver was first made by Cossor but their
design having proved too bulky and heavy it is understood that
these will be made by Pye Radio. As the latter company will use
one of their standard television chassis as the I.F. amplifier
production should be a relatively straightforward affair. In any
event the A.S.V. recelver is a simple affair compared to the G.L.
or C.H, receiver.,

Cossor's were just installing thelr machine tools
(18th April, 1939) and setting up a new factory for making G.L.
and M.B. receivers. No C.H. receivers were being made because
the demand for the older type had ceased and the newer type
had not started.. (Note, this newer type is "Mark VI", all the
present stations are equipped with a "Mark V" model.)

The costs for tools in the receiver case was about
£15,000., Less machinery is required in the receiver case than
for making transmitters and the methods adopted are all straight-
forward, Two items require particular methods however, These
are the potentiometers for G.L. and the goniometers for C.H.

The potentiometers must be made very accurately and a special
system of checking and testing has been set up. Should production
warrant 1t this test system can be rapldly expanded to six times
its present output of about one per day. Special drilling equip-
ment and a number of very special jigs are used in thc course

of construction of this unit. The goniometer 1is also a'unit
requiring great care and attention to detail. It looks like

quite a simple piece of apparatus but, in point of fact, it is

a very well made instrument and the errors were of the order of

a few tenths of a degree. Special die-castings have been develop-
ed to permit large scale production.

At the Metropolitan-Vickers Works in Sheffield a special
high frequency alternator for A.,S.V. has been built, and production
on a large scale can be started at any time. Unfortunately this
is an engine driven alternator and Bawdsey had just discovered that
there are not enough driving points on some of the planes to
install it. The whole question of power supplies has therefore
to be gone into very fully at some early date and a policy decision
given. It would appear probable that a dual machine, A.C.output
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for the R.D.F. equipment and D.C. for charging the plane

battery may be the result, This particular unit, the high
frequency alternator is not regarded as a secret item and

might have other applications. Although uncertain lMetropolitan-
Vickers thought the order would have to be placed through Air
Ministry.

The alternator is Type A.G.3AI, output 500 VA at
80 V., 1200 to 2400 ¢ps (driven speed 3000-6000 I.p.mas)
Actually the machine, if cooled, will give 10 amps. output,
and if a temperature rise of 1200 can be tolerated from other
considerations then 1000 watts output from this machihe is quite
reasonable, The insulation of the machine 1s capable of
standing this high temperature the only electrical consideration
being that of a leading power factor is preferred. The field
winding of the alternator 1s wound for 12 volts but some
have been arranged for 24 volt field. The insulation is asbes-
tos and mica on both stator and "rotor". (The "rotor" is
stationary as well as the stator, inductor type machine, no
slip rings.)

The machine welighs 28 pounds.

A special carbon-pile type of voltage regulator is
supplied as a separate unit, controlling the alternator field
current. (See Metropolitan-Vickers booklet.)

Further details of manufacture of transmitters and
receivers are given below,

(1) Metropolitan=-Vickers were paid £ 20,000 for their
first development contract,

(2) C.H. transmitter only costs about £14,000,

(3) M.B.transmitter only costs about £2,000,

(4) M.B.II transmitter only costs about £2,500,

(5) G.L.II transmitter only costs about £2,500,

(6) A.S.V.. transmitter, first type only costs about £100,

{7) Cossor use E 5089, a bakelite product as insulating
material for their soldering terminals etc, This

material must be punched hot but can be drilled.,

(8) Calibrator (for range) on C.H. receiver has a freg-
uency stability not less than 0,05%.
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(9) Polar condensers (10 plates) used to tune G.L.
recelivers,

(10) sSwitches for wave-change in G.L. and C.H. réceivers
were made by Plessey.

(11) Cossor wag preparing handbooks on C.H. and M.B.
receivers which were to be finished about the end

of May.

(12) Cossor has a fair number of sub-contractors on this
work but Metropolitan-~Vickers state they have over
1500 sub-contractors.

(13) The cost (development contract) of the first two
receivers for each application was about £20,000 and

and took two years to complete.

(14) hough approximate costs of each of the following
types of recelver:

C.H. - £900 to £1000, Receivser only
M.B. - £400 to £500 "

G.L. - £400 to £500 " n
A.8.V.- £70 to £12.00 " n
A.I. -~ £150 n "



64.

VISIT TO THE ROYAL AIRCRAFT ESTABLISHMENT

The work done at PFarnborough has nothing to do
with R.D.F. and 1n fact no one at Farnborough knows anything
of it officilally.

Communication apperatus for ground and plane and
d.f. apparatus for use on the ground on ultra short waves is
the main item at R,A.E. The fact that ultra short waves are
to be used at all is a matter of great secrecy. Some work
on C.R.D.F. both for ground stations and for use in a plane
has been golng on; the Service type microphone was recently
developed thore, this as well as general laboratory test
equipment was seen and the electrical control systems for the
Queen Bee were demonstrated.

The ordinary short wave communication apparatus
was first seen. The s.w.receiver for use on the ground is
a relatively clumsy affair. It uses plug-in band-pass coils
and apparently the trimmers on the I.F.colls need frequent
adjusting. Two s tages of R.F.gain are provided and the whole
set is battery operated. The receiver appe=rs to be inferior
to a standard National H R 0 or Hammarlund Super-Pro.

The short wave transmitter for use at ground
stations is also a relatively patchy job and is not as good
as ones which are now on the market commercially.

The s.w. and 1l.w, transmitter for use in aircraft
is mounted in a relatively large square box and presents an
unpleasing appearance, chiefly because many changes and alter~
ations have been made to it since it was first designed.

The ultra short transmitter-receiver for use in a
plane was almost developed to the production stage. G.E.Company
was building the first few experimental models to Farnborough's

design and large numbers were expected to be produced this
summer., The weight and costs were two flgures which were still
undetermined.,

The power is obtained from the plane battery and
a small converter unit built into one end of the apparatus.

Sender.

Aerlal cams.otc, PIG.I.

feed

O g =

Receiver.

HOH® SO Bog
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The wave~length range is 2-3 metres and
4 channels are provided. The frequency is changed by
turning the tuning condensers by specilal cams, That isg,
the operator has a four position switch which is directly
coupled to the transmitter-receiver unit. As the
flexible cable 1s turned a series of cams operates which
turns each one of the transmitter tunlng and receiver
tuning condensers. The cams are spring loaded and
apparently not very difficult to manufacture and according
to the R A E are remarkably rugged in performance.

It will be seen from Fig.I that the sender
and receiver are mounted side by side with the switching
device in between. One dipole aerial is used both for
sending and recelving, being changed over by the operator
at will, These two units can be easily removed 1f
necessary as they are plug-in units and special locking
pins are provided so that the cams always go together
properly.

The band-wldth of the receiver is about 200 kc.
and it empleoys a superheterodyne circult with an I.F.
frequency of 10 Mc/sec, The audio amplifier is
common to both sender and receiver and is switched over
when the aerial is changed,

The transmitter uses a pentode tube, crystal
controlled, tuned grid oscillator which is also a trebler
stage as the anode is tuned to three times the frequency.
The gsecond tube alseo trebles the frequency and the final
tube is a doubler so that the output is 18 times the
frequéncy of the crystal., The output tube 1s like the
RK 34, the others are Standard Telephone Type ‘4074A.

It has been found by experience that the
chassls for all such U.S.W. senders and recelvers 1s
much more efficient electrically if made of steel instead
of aluminum, and because smaller gauge metal and spot
welding can be used it lends 1tself better to mass
production methods without appreciably affecting the
weight.

A crystal monitor for use in a plane on
these frequencies has also been developed., It can be
operated by a battery or from an A.C.line. A Colpits
circuit in the screen grid and cathode circuits operates
at frequency f. The anode is tuned to 6F and the anode
of the second tube 1s tuned to three times this frequency
or to 18 times the fundamental frequency. The tubes used
are SP41 and the novelty of the arrangement is that all the-
conderiseps are genged and turned by a single knob.



68,

It appears to be an efficient piece of apparatus, There
is an attenuator in the screcn of the second valve, and
tuning is carried out with the ald of an electric eyse.
(A dlode type DI is used for the output to this tube).

The monitor is really a combined transmitter
and receiver, functioning as an oscillator amplifier in
one case and as a radio receiver with separate oscillator
in the other. The same diode end electric eye 1s used
as the indicating device in each instance.

Transmitter
Portion

///mwmr&a

6xFy G 18xF1

Cz 7
Ezéﬂal O - C)sz> §
F1 oscillator-b] | ol|é
G
7 _Fig.1

Fig. I gives the idea of the circuit in a very simple
form, ) ’

#% Another recelver for 1i metres which is
in the productlon stage was shown. Tt hgs a band-width of
1l Mec, and an I.F. of 20 Mc. The same type of oscillator
circuit, between screen grid and cathode 1s also used
here,

The transmitter to match this receiver had not
reached a very advanced stage. A 20 Kc. modulator is
provided but not much was known at R.A.E. about how it
was to be used. It was for some Fleet Alr Arm application.
The receiver was to be used for homing on a ship. (poss-
ibly thls was the receiver to go with the Navy beacon for
alrcraft carriers which was seen at Portsmouth.)

The power supply for this unit had not reached
a finished state but the apparatus has to wwork from either
battery of aircraft line, It will.probably be a motor
generator of some sort,
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s# The large 100 watt ultra high frequency transmitter
for use on the ground 1s an impressive apparatus.

It has boen carefully designed to be easily con-
structed and close touch has been maintained with the
engineers from G.E.company who will build the trans-
mitters so that in its initial development stage it

is also really the manufacturer's first model. This
has slowed down development a 1little but will undoubtedly
gsave timo in the 1long run. It is constructed on

the rack and panel principle so that units are easily
Interchangeable without scrapping the whole transmitter.

The aerlal usod is only a simple dipole at
present at a helght about 70 feet above ground, but
the gerial system will have to be investigated. The
gerial is fed by a shielded cable (concentric line
type) epproximately 1" internal diameter.

Shield abbout #l4 wire

Rubber cover————

— The shaded portion is insulator
(one about every slx i.iches)
and the conductor is solid wire,

The transmitter occupies one relay rack 593" high.
Two power supplies are provided one for the modulator and one
for the exciter and final amplifier. Each supply gives 1000
volts at 1 amp.

The modulator has an output of approximately 100
watts but the present exciter does not have quite enough
output to drive the final amplifier at its full power. The
exciter is beling redesigned and will have simpler controls to
operate.

The method of tuning is straightforward and the
adjustments are easily made. Meters can be inserted by
multiswitches into the circuit at a number of points. The
safety devices and interlocks provided make it a fairly fool-
proof Jjob,

: To measure the antenna current an artifice is
resorted to because 1t is not possible to insert a metre in
the antenna circuit proper. A diode rectifier tube pilcks
up a definite amount of R.F. from the antenna circuit and this
after rectification is fed to a d.c.meter which *s ¢ same one as
used previously to tune the earlier stages of the transmitter,
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This rcectified signal is also fod back to the
earphone of the transmitter microphone so the operator hears
himself talk. If he does not he knows that something is
wrong, and conversely anything going wrong will immediately
warn the operator by the signal 1in thc earphone disappearing.

The safety devices are good. Since interchangeable
crystals are provided if one of these should be removed
while the transmitter is operating then everything immed-
lately shuts down.

This radlotelephone sender has reached an advanced
stage and 1s a much more creditable job than the early s.w.
gsender,

The now exciter for thls 100 watt transmitter employs
four tuned circuits and all of these are ganged and turned
by one knob. The frequency steps are f;, 3xfy; 9fy; 18fy.
The reason it 1s possible to gang these condensers seoms
to be that the Q of circults is low, about 10 to 20. The
minimum capacity of the condenser 1s important. The output
tubes used were Eimac 35T, and whereas the old exciter had
an output of about 15 watts, the new.one will produceo 35 watts
vhich is ample to drive the final stage to the full 100 watts.

With a given valve and specified frequency in the
ultra high frequency range, there is an optimum output so
that this transmitter is limited to about 100 watts by
this consideration alone.

The ultra short wave d.f, work at Farnborough
has reached a surprising degres of excellence. The work
on ultra short wave d.f. seen at the Radio Research Station
at Slough was good but has not reached the level of the
esquipment at R.A.E.

At present the system is an aural null method and
the zaerial system must be rotated as a whole to get the
minimum.
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The key to the success of the direction finder
is the aerial system which has been developed. It is a
rotating Adcock with tuned reflectors. At present the
reflectors are not placed directly behind the main aerials
but are supported farther out as shown in the plan view
of the aerial, Each vertical is a half-wave dipole and
the spacing between the two main verticals 1s also half
wave~-length. This size of aerial gives maximum pick-up
for an aecrial system but an ordinary Adcock having a half
wave spacing would have very large octantal errors. How-
ever, adding the reflectors to the system saves this,
because the polar diagram of reception becomes distorted
as shown in the figure. It will be seen that two minima
are encountered but one is very broad and the other 1is very
sharp, and there 1is no possibility of mistaking the two.
Thus the instrument not only reads the direction but it is
practically direct reading as far as sense 1s concerned as
well. It is just gs easy to operate as a high grade aural
null direction finder working on 800 meters; at least
as far as finding minime are concerned. We were taking
bearings on a plane about forty miles to sixty miles away
and the swing was not much more than + 1° to get the
sharp minimum which was also a position of zero sound.
The other minimum is not a true zero and requires a swing
of about 15 degrees,

No particular pains had been taken with the
receiver as such because it is the intention to use one
of the regular ground receivers as soon as they are
delivered from the manufacturer. The big contribution is
the type of aerial which gives such sharp bearings and at
the same time by separating the aerial from the regeiver
the capacity of the operatoris body does not enter into
the picture. It makes no difference to the bearing how
many people are in the receiving room or how the operator
moves about when he is taking a bearing.

This ultra short wave direction finder ha. adout the
same size of Instrumental and site errors as occur in
long wave direction finders., It has been calibrated from
aircraft at a height of 3000 feet flying at approximately
30 miles from the station. Also a great many checks have
been obtained with the plane flying at other elevations
and distances. It is truly a remarkable instrument to
function as it does at these very high frequencies.

In the test room a very compact audio frequency
recorder, specially designed for taking such things as
calibration curves of microphones was seen. Manufactured



by George Newmann and Co., Berlin $.0.16, sold in
Great Britain by an agent Geoorge Carleton, Old Broad St.
London, it scems to be a very useful laboratory device.
It has a threce stage amplifier and tw diode detectors so
that the pen 1is operated differentially. A frequency
scale 1s put on the paper record by a contact on the beat
frequency oscillator. The amplifier is good from 40 cps
to 10,000 cps. It has three sets of colls for three
different levels of differencc (from maximum to minimum)
viz., 25 db, 50 db, 75 db, and a special gadget which is
designed to allow for the unequal response of the human ecar
to different frequencies, It was much used when designing
- the R.A.F. Service Type microphone. Artificial ears were
supplied by Muirhead on this work. (The response of the
final microphone is 400 to 2000 cps. which is very good in
an aeroplane because it eliminates most of the noises due
to the plane.

Other test devices were an elaborate valve testing
panel, condenser tests at different temperatures, Hartshorn
Bridge, Schering Bridge, Humidifler for insulation and other
tests at high relative humidities, an oven for high temper-
ature work, and much standard measuring equipment supplied
by General Radio and E.K.Cole, a transmitter for general work
and equipment for high voltage tests at radio frequencies.
Two quartz oscillators of the "Primary Standards" type
are available, one supplied by General Radio and one supplied
by Marconi. The Marconi standard was reputed to be not as
good as the General Radio, for one thing the Marconi clock
would not stay locked in step.

In addition to the above the test room staff
look after routine tests and maintenance of much of the
equipment which is installed and actually used by the
service in the fleld. It was not the original intention
that this should be so but it 1s simply a situation which
has arisen in the last year or two owing to the rapid
expansion of the R.A.F. and to the fact that many radio
operators are not very well qualified at present. There is
a shortage of men on the routine inspection and maintenance
service in the field so that much of 1t has fallencto
Farnborough. The situation will probably be corrected
slowly, as more trained techniclans appear.

The "Calling Device" was also demonstrated. This
is a unit which is intended for such things as large flying
boats which may be stationed for long periocds at some polnt
remote from their base. In order to obviate the nececssity
of keeping a radio operator on watch at all times this
little unit is added to the receiver. The latter is left
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turned on and the unit accepts the signals to which it is
tuned. A series of relays and sequence switches cause an
alarm signal to operate when the proper code signal is
transmitted but to ignore other signals. The device for
emitting the code signal is an ordinary transmitter keyed
by a standard device similar to the auto-alarms on ships,
I think it is possible to arrange a calllng code of ten
different symbols and believe the weight of the extra
unit for the plane is between 15 and 20 pounds.

The control device for the Queen Bee was also
demonstrated. As one would expect the relay circuits are
complicated but the control equipment has been packed into
a very small space, Farnborough was adding some refinements
to give a 1little more control but essentially the apparatus
has been finished and in use for some time. Protective
devices have been added "' so that the Queen Bee cannot be
made to "dive" below somi preselected minimum altitude
but goes into "glide'" instead., The controls on the plane
mist be set to the proper position for any given setting
of the electrical controls by having a pilot in the
plane for the first few trips.

Cathode ray direction finders are not receiving
much attention at PFarnborough at the minute becvause of the
policy decision to use ultra short waves instead. D.C.D.
told me however that but for this decision they would be
putting in more effort into this phase of direction finding.
The cathode ray direction finder as built by the R.R.B. at
Slough was installed at Northolt and three companies,
Marconi, R.T.E., and Plesseywere asked to build thelr
versions of this model. Each firm was to supply four samples.
Those from Marconi and Plessey have been delivered, that
from R.T.E. 1s still at Farnborough where experimental
work on the Adcock aerial is still going on. (R.T.E.,
Marconi and Plessy all use different forms of the Adcock
aerial)., The Marconi cathode ray direction finder does not
work very well and is relatively speaking a poor job. R.T.E.
looks promising but the aerial troubles must first be
overcome, the Plessey instrument is much the best of the three.

The frequency range of these instruments 1s 40
to 200 metres. The Plessey instruments are in service use
for location and d.f. of fighter aircraft. I saw the in-
stallation at Kenely. The Plessey instrument 1ls a good onec
but there 1s considerable room for improvement and
simplification of operating controls.

The cathode ray direction finder for use in a
plane is a copy of the one described in Electronics some
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years ago by the U.S.Coast Guard. It was not by any

means a finished job and I do not think it has reached the
stage of the one being built by the National Resecarch Council.
It tunes in roughly the same frequency range, viz,, 200 to
500 metres and 800 to 1600 metres.

The cathode ray direction finder receivers are
described in greater detail below in a separate section.

An ingenious frequency monitor is in use at
Parnborough. A circuit wilth a push-pull input is fed by
the signal to bo monitored. Each tube is arranged so that
if there is any frequency modulationAf say, then the outputs
of the two tubes are £ +&f and f -&Ff respectively. Thaese
tw frequencies are fed to the two palrs of plates of a
cathode ray tube, suitably amplified if necessary. If
there 1s no frequency modulation the pattern is a circle,
if therc 1s it is an ellipse. The modulation envelope
also shows on the screen of the oscillograph tube and it
is a very critical test for overmodulation.(i.e. amplitude
modulation). The advantage claimed for the equipment is
that frequency drift can be accurately observed during
the whole of the programme.,

Navy type wavemeters are used at Farnborough
and are considered very highly. Quartz oscillators,
thermostatically controlled, mounted in relatively small
boxes for portability they have a high degree of stability
and accuracy, comparable with a primary standard oscillator.
Three different wavemeters are needed to cover the frequency
range of short to long waves. They do not cover the
wavelengths below (about) 10 metres as yet.
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NOTES ON D.F,.SYSTEM USED IN FRANCE, 30 May,1939.

The week preceding Whitsun (May 28th) D.C.D.
and Wilkins went to France and I obtained the following
information from them. They inspected communications and
directilon finding equipment in general and also the French
methods for the location of ailrcraft.

The ultra short wave equipment made by S.A.D.I.R.%
was demonstrated by a flight from Villa Couble, to Chattes,
(a distance of about 20 miles). The plane was easily pick-
ed up and direction finding bearing given to within 2 degreces.
This is the system using the trombone aerial and it has
g pick-up equal to that of an ordinary short wave Adcock,

t 1s used for sending and receiving. In the former cage
a standard transmitter is used, coupled to the trombone
aerial., The French also have a rotating beacon using this
trombone aerial. The spacing in this case 1s such that the
polar diagram is a cardiod with a sharp zero.

The portable direction finding units are installed
in such a way that the opcerator's body has no effect. The
aerlal is high above the man's head, and in the mobile
equipment is mounted well above the roof of the trailer.

The wave length used 1s from 4% to 8 metres and the trombone
aerial is well matched over the whole range. (That of course
is the reason for the special design.)

The gear was 1nspected at Rheims and it was also
installed on a plane. The dipole was just behind the pilot
and the installation was quite small. Fighters seem to
be equipped with a quarter wave dipole.

The French Navy also has a rotating beacon
using the same type of aerigl, but this equipment was not
seen., FPFormer Captain Signal School at Portsmouth told
me he had secen this trombone aerial installed on a battle-
ship over a year ago when he was in Gibralter.

% Societe Anomynse des Industries Radlotelegraphique.
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Ship Detection

Ship detection from fixed shore stations has
been developed by the French using infra red rays. They
use a wave length of 15 angstrome (thousand?) units
because these are not absorbed by fog or mist. Teles-
copcs and thermopiles constitute the princlple itoems of
apparatus. The equipment was seen at Toulon and a small
yacht about a mile away gave a good indication. Torpedo
boats about the same distance gave. excellent results. The
indication 1s given in the form of beats 1n a loudspeaker.

The ranges vary with the size and aspect of
the ship, but is at lecast 18 miles on battleships and they
have detected battleships at 22 milles. During the demon-
stration a tug was detected at 6 Km. (about 3% miles.)

The detection of submarines (when they are above
the surface) by this infra-red method 1s claimed to be
better than that obtained by asdics. The deflections and
indications seem to be about as good as those from the
little yacht.

D.C.D.statod that arrangements were being completed
with 8.A.D.I.R. and the French Government for Drake and
Gorham (London) to try to manufacture in England according
to designs to be furnished by S.A.D.I.R.

-BRIEF DESCRIPTION OF LEHMANN SYSTEM S.A.D.I.R.

Consider a dipole of an ordinary A

Adcock system. Due to reflections at the feeder
end A it is impossible to balance this sy:.tem r*—"——

and to match aerial and line impedances
over a wide band of frequencies when using an aperiodic
system and tuned systems are difficult to handle.

Consider the trombone system shown; foed
then for the effect of this aerial at a ) ~9° or
distance, when used as a transmitting B2
antenna, it ‘can be shown to be identicgl
in radiating properties with the above
dipole, but its internal .effect 1s very
different because ‘the impedances now are always matched.
Conversely thls trombone works just as well in the re-
ceiving case.
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The schemtaic of the whole circuit will be roughly as

shown in the Flg. The resistances shown at B and Rc are
small damping resistors. For example, if X = S5m to 8m,
then the length of each trombone dipole 1s 1.400 metres and
the distance apert is 1.080 metres. (viz. of the order

of %:), The transmission lines run through a shield and

the shape is roughly a T as shown in the figure. The
vertical part of this T 1s 2,30 metres long for the case
discussed. S8ip rings are used and everything rotates about
the vertical part of the T,

The recelver is a superheterodyne of high
sensitivity and the input tubes are "GLAND" 954, (2?9 acorn
tubos,)

Sensc 1s determined by shorting out one Rc which
changes the polar diagram from a normal one i.e. a
figure-of-eight, to one more or less like a cardiod, and
hence the sense 1s given. This method was evidently
discovered empirically.

If the minima are not sharp on D.F. it indicates
that there is probably some antenna e¢ffect due to slight
inaccuracies during construction. (Evidently great care
must be taken with the mechanical workmanship). The zero
can bs improved by moving the coupling coil shown in the
figure below,
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= To improve zero move coll in dirsction
 — Og arrow,

The coupling is electromagnetic which is constant and also
electrostatic. = The clectrostatic coupling should be zero
when the coupling coll is at the centrc of the larger coil
and has positive or negative valuos according to which way
it is moved. (It functions llke a compensating coil in
ordinary long wave direction finders.)

Any normal d.f.operator can use thils ultra short
wave d.f. without special instruction.

Results although not numerous so far, are very
encouraging .

An aircraft having a power of 12 watts in the
antenna gilves bearings within 3° to 4° when flying at
altitudes of 1500 metres (5000 feet) and at distances of 150
Km (about 100 miles).

The accuracy increases to 1° when the distamce to
the plane is 60 miles away. The system is used by the
"defense legerc",

As long as the direction finder is kept a few
hundred metres away from metal hangars etc., and of the order
of tens of mebtres from long wave aerials then the instrument
can b e worked most anywhere without grave troubles. »

The error curve ig comparable with that of long
wave direction finders and 1s quite normal In appearance.

The apparatus can be installed and worked satis-
factorily from metal automobiles or trailers. (The aerial
of course projects some distance above the roof of the
vehicle.)

#Description taken from Roport dated - Paris, 15 August,1938,



