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PART I. GENERAL DESCRIPTION OF R.D.F.

1, DEFINITION

R.D,F, is a system of radio detection and position
determination of aircraft and ships from a single station based
on the principle of reflected radio impulses using ultra short

wave-lengths. The reflected echoes are registered on cathode

ray tubes and the distance, azimuth and elevation of the aircraft

or ship are determined.

24. FUNCTIONS

R.D.F. is designed to fulfill the foliowing functions

with respect to the defence of Great Britain:-

(a) Detection and determination of altitude and direction
of approach of raiding aircraft or formations, with

a view to interception of the raiders, warning to

the ground defences and air raid warning to the civil

population. For this purpose, a chain of stations has

been orected along the South and East coasts of

Britain and other strategic areas, giving complete

coverage of all approaches over the sea. This type

is known as C,H.

(b) Detection and determination of ships! position from

reconnaissance aircraft under all conditions of

visibility, day or night, the device increasing the

scope of reconnaissance aircraft, giving a lateral

coverage, each side, of thirty miles. This type is

known as A.S.V,

(ο) Detection and determination of direction of approach

and range of aircraft by A.A. Artillery, and direct-

ing Searchlights, the sots being in close proximity

to the guns and the information obtained being fed

directly into the predictor. This type is known as

Gil.

(d) Detection and determination of altitude, direction
of movement and position of raiders by use of small

mobile units which can be used as intermediate to

type C.H. (described in (a) above}; also for inland
R.D.F. and for use with Expeditionary Force. This

type is known as M.B.
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(e) Detection of ships and determination of position from
shore stations, having a somewhat restricted range
depending on height of station above sea level. This
will be used by coast defence artillery. This type

is known as C.D.

(f) "Homing" of fighter aircraft on enemy aircraft, par-
ticularly on aircraft which might be used for jamming
the R.D.F.system. This type is known as A.I.

(g) Detection and determination of position of ships from
ships. This type is known as S.S.

(h) Detection of aircraft from ships, another naval
development on which we have not yet been able to

get details. This type is known as S.A.

3° EQUIPMENT FOR VARIOUS TYPES

Even as the functionsof R.D.F.vary, so does the equipment,

ranging from the large C.H.stations, at great cost, to relatively

small and inexpensive installations such as A.S.V. There is no

such thing as a universal set for all purposes and sets are in no

way interchangeable, except that the M.B. (mobile) might be used in
certain locations in lieu of C.H. One M.B. set could not, however,

do the work of a C.H.station. Estimated costs of various install-

ations are given in Part Five of this report.

4. OPERATION OF R.D.F.

The information obtained by R.D.F. is immediate, definite

and accurate so long as the equipment is functioning. To ensure this,

in the major installations, the R.A.F. have doubled their equipment,

this being necessary in case of damge.

Se The value of the operation of the equipment depends upon
efficient methods of use. In the case of the R.A.F. in respect of

C.H., which is the principal use, the information is obtained at

the receiving stations and transmitted imm diately by land line to

the Filter Station at Fighter Command, where the raids are sorted

out, passed to the control room and thence via Group to Sector

stations. Here, our own fighters are being automatically D.F'd

by the Sector Station and can therefore be directed by R.T. to an

estimated point of interception with a surprising degree of accuracy,

i.e. plus or minus one mile horizontally and plus or minus 500 feet

vertically.

6, In the control room (Operations Room) the entire operation
is seen from the time the enemy aircraft enter the range of the

C.H.stations. Friendly aircraft are distinguished from hostile,



interceptions are "witnessed" and the track of all aircraft are
continually plotted. The raids are handed over to the Observer

Corps which at present is visual and auditory but which, as soon

as production permits, will be equipped with M.B.sots.

Te Simultaneously with the warning received from C.H.stations

the air raid warning system comes into action, This too is centred

in the Control Room at Fighter Command Headquarters. Simultaneour

warnings are not issued, which might needlessly put large areas

unnecessarily out of action, But progressive warnings are issued

and the progress of such warnings shown in the Control Room on

an illuminated map which is progressively lit by three colours,

yellow being a confidential warning sent only to the Chief

Constables, representing an approaching raid whose destination

is still indetermined, but which 18 picked up initially approx-

imately 88 miles out to sea and giving a warning of 22 minutes,

less approximately five minutes time lag. This is followed by

red when the direction of the raid or raids is clearly indicated

and represents 12 minutes less possible 5 minutes time lag. When

the raid is past, but not necessarily clear of gas, a green

light is shown representing at least 8 minutes.

8. Raids, as previously mentioned (paragraph 5) are

sorted out in the filter room to which all C.H.stations are

directly linked by telephone, The officer controlling this room

need only press a switch and one of a largs number of stations

comes on immedlately, there is no delay whatever, operators

at the C.H.are waiting on the line. He therefore can enquire

about any raid and he can direct any station to watch a certain

area which may have been reported by a more distant station.

9. In the Control Room, the air raid Warning Officer speaks
to 14,000 persons whenever he lifts his receiver and the Admiralty

Coastal Command and Bomber Command Liaison officers are similarly,

immediately, in touch with their respective Headmarters,

10, No mention is being made of the operational phases of

other types of R.D.F. ennumerated in paragraph 2, as these will

be dealt with fully in other parts of the report.

11. IMPLICATIONS

R.D.F, represents such an advance in the science of war

that it is difficult, at this point, to determine or approximate

its strategical and tactical effects in the future. There are

certain aspects of it which are now apparent including implio-

ations with respect to training. The pilot of a fighter

aircraft now becomes a directed projectile, as it were, requiring

special training of the pilot as well as the officers who will
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direct him, at high speed, onto a fast moving target. He loses

entirely the power of initiative during this phase and must be

trained to carry out orders implicitly and to the fraction of a

second and to fly exactly as he is told. At the last moment, he

will be told to look for his target, on which he should be closing

at high speed. Then the initiative passes to him.

12. With the aid of R.D.F., reconnaissances may be made
farther out to soa using fewer aircraft but imposing greater

responsibility on the pilot, this again having its implications

with respoct to specific training for a specific task,

13. The applications offensively of R.D.F. imply now methods
of training and equipment therefore, as by R.D.F. offensive

action over enemy territory can be materially aided by simple

sets in the aircraft that will give unmistakoable topographical

information as to when coast lines are crossed, or large rivers

with particularly high banks, such as the Rhine, towns, mountain

or hill ranges etc.

14. The implications with respoct to coast defence are no

less important. Sea raids undor cover of darkness, smoke curtains

and low visibility can be effectively "seen" and dealt with.

15. Surprise movements of fleets in restricted waters,

barring only the open sea, will become more difficult, and

capital ships at sea possessing this equipment can have early

information of enemy ships and hostile aircraft. Carriers equipp-

ed with R.D.F.can follow their own aircraft and accurately direct

them by radio (knowing their exact position) to any area and guide

them in homing on their own ship.



PART II. PARTICULAR DESCRIPTION

TYPE C.H.

This type of R.D.F., whose primary function is to assist

the controlled interception of enemy aircraft, is a large install-

ation on the ground erected permanently at some fixed point. A

large number of those stations are located cround the coast and

their observations are linked togother by a system of telephones,

giving rise to the type name of "Chain Station". The immediate

object of the choice of location in this country is to give infor-

mation about enemy planes before they reach the shore.

The performance of this type represents the bost attained

to date of the different kinds of R.D.F.in Britain. The perfor-

mance will depend upon the height above ground (sea-level) of the
sending and receiving site, to a certain extent upon the site

itself, upon the flying height of the aircraft boing detected, and

upon the power available at the transmitter. The influence of the

site is such that certain sites are favourable and others are not

for R.D.F.work and this influences the locations to be selected,

but after they are chosen this factor can bo more or less ignored

from an operational point of view.

The R.D.F.measuros rango, azimuthal bearing and angle

of elevation of the approaching aircraft, The range is, roughly

speaking, the equivalent optical path between sending and rocoiving

aerials, i.e. sending aerial to plane and back to receiving aerial.

This range will vary approximately as where h is in fect and the

resulting answer is in miles. For Chain stations located at the

low elevations of the southeastern coast of Britain and aircraft

flying at 10,000 feet a range of about 140 miles can be obtained

under better than average conditions. A range of 60 to 70 miles

with moderate accuracy is quite general, but this decreases to

about 35 miles for aircraft flying at 3,000 feet.

it ig important to use a high-powered sender because f
the amplitude of thereflected echo varies inversely as the fourth ᒤ
root of the distance between sending aerial and aircraft. At ᐤ

prosent most of the stations are fitted with transmitters of from

30 to 50 Kw but the newer installations are using 200 Kw trans-

mitters. These values for the power of the senders are maximum

or poak values, because the impulses sent out are very short and

the average valucs would have no significance.

The accuracy of the determination of azimuth 18 about

plus or minus 2 degreos at ranges of 50 miles and of 1 degree at

ranges of 30 miles. The angle of elevation can be measured closely

enough to permit a height determination to within 1000 fect at

50 miles range and to within 500 feet at 30 miles range.
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C,H.stations are located about twenty miles apart for
sites relatively close to sea level but this spacing increases

to shout seventy miles in the northern part of the country where
the ground elevation is higher. The requirements laid down for the
chain were that for aircraft flying at 8000 feet or higher a range

of at least 35 miles should be provided. In some areas the over-
lap is greater than this to ensure a large safety factor. In gen-

eral it may be said that a policy of complete duplication of ser-

vices and apparatus is adopted to minimize the danger of one sta-

tion being put out of order.

R.D.F. systems in general act on the floodlighting prin-
ciple rather than by using highly directive beams. The polar
diagram of the sender aerial is approximately as

shown, This has been adopted as a preferred

techniqus because a prohibitive number of beams Ay

would be required to search the skies completely. PT
Horizontal polarized waves are used in all cases ᔀ ᐟ

and the wavelength for the C.H.stations is be~ -

tween 5.5 and 18 meters.

An impulse technique, analogous to that in lonospheric

measurements is used and at the receiving end the "ground wave"

and "reflected ray" are observed on a cathode ray tube. The range

is measured directly by measuring the distance between ground pulse

and reflected pulse on the tube.

The pattern observed on the cathode ray tube is similar

to that seen when measuring Heaviside Layer heights.

The operator moves a pointer until it coincides

with the echo and the range of the aircraft is

read directly on the distance scale. From the

operational point of view the man who movos the

pointer is not concerned with any readings, these

are recorded elsewhere by some suitable repeater "4
system, but the scales are in front of him if he

wishes to use them to separate various echoes on

the tube.

To determine the azimuth of tho reflected pulso, two hor-

izontal dipoles, at right angles, are connected through a radio

goniometer to the receiver, Tho search coil 13 rotated for minimum

signal in the usual way and the observer simply watches the echo

"disappear" on the cathode ray tube.

Echo

The angle of elevation is similarly measured by a system

of dipoles spaced vertically. Two systems are needed to measure the

elevation angles, an upper pair at 8 A and 2 À above the earth

measures the angles from 2 to 7 degrees while a lower pair at

2 À and 1 A above the earth measures angles above ᐁ degrees. Under

normal conditions relatively free from interference all readings

are obtained in a few seconds. High frequency switches change from

one set of aerials to the other so that the complete answer is
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determined as a two step process, first, range and azim:th are

found, second the aerials are switched and the angle of elevation

Pound. (The method of passing this information to EQ is described
later.

The power requirements mentioned above are not as

‘severe as might be imagined because the impulses emitted by the

sender are only 5 to 35 microseconds long. The mains are used as

a source of power and a 75 Kw Diesel electric stand-by plant is

provided. It is essential to have some synchronizing control

between the various neighbouring C.H.stations because there is an

ionospheric echo of long time delay returned from a distance of a

few thousand miles. This does not affect the station emitting

the pulse as it shows up on the cathode ray tube on an unused part

of the time base but it might fall on top of the echo from an

aircraft on the cathode ray tube of some neighbouring station, To

obviate this difficulty the pulses at different stations are timed

to occur one after the other, There will be a controller who has

in front of him a cathode ray tube showing only the ground pulse

from each of the several senders and it is his duty to see that no

two pulses are emitted at the same time. A pulse recurrence

frequency of 25 per second was selected to reduce the effect of the

echo of long time delay as much as possible. In the event of fail-

ure of the main supply toa C.H.station, that station would be

completely on its own so that an emergency arrangement for shifting

the phase of the emitted pulse is provided at the receiver and the

receiving operator may then change the phase of the transmission

if he finds that distant echoes from other transmitters are

obscuring his echoes from aircraft.

Normaily when ail stations are supplied by mains using

a common frequency, this phasing difficulty can be easily overcome.

The equipment is all housed of course in protected buildings,

The aerials are mounted on large towers. Four 350 foot,

steel towers are to be used for the sending aerials, and four

240 foot wooden towers are used for the receiving aerials. Wooden

towers were selected for the receivers to minimize distortion

of the polar diagrams of the receiving aerials.

The aerials are connected to the receiver by simple

concentric tube transmission lines. Coppor tubing 3/8" diameter,

1.D, is used, frequentite (1.¢.? Isolantite) insulators, The

surge impedance is 73 ohms. Dry air at 300 lbs. pressure keeps

the insulation resistance high. The line loss is 30 db per mile

and about six or seven hundred feet of line are required.
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The ranges quoted above were for towers of like dimen-

sions erected about 400 feet above sea level, Whether or not these

towers can be placed at greater heights above sea level e.g.,

4000 or 5000 feet and still have the range continue to increase

as they are further elevated above sea level, remains a matter

for experiment to determine. The general consensus of opinion

over here seems to be that the range will be greatly increased,

A rough guess at the present minute indicates 200 miles as a

possibility.

The wave lengths of 5 to 154 meters were chosen to
reduce the troubles due to atmospheric reflections. Four wave

lengths are used to provide freedom from jamming by C.W.transmitters,

and wave lengthe can be changed in about 15? seconds on the 200

Kw senders.

One vory important point of the C.H.system is that it is
possible to deduce roughly the number of aircraft in a raid. Two

or three machines flying together are indicated by a rapid "beating"

of the several reflected echoes. Numbers greater than three are

difficult to determine exactly but good estimates of 3, 6, 12, 24

machines can be given. The accuracy of the estimate is largely

a question of experience on the observer's part.

The methods developed to date are applicable to metal

or wooden aircraft but the former are probably about three times

as efficient as reflectors. In the latter case the reflections

presumably occur from the various guys and control wires in the

planes. Wo.

To distinguish between friendly and enemy machines, tho
friendly aircraft are fitted with a receiving aerial which picks

up the initial pulse, amplifies it and retranamits it to the re-
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ceiving station. (Note: the receiving aerials are located within

a few hundred yards of the sending aerials in all cases) This

re-radiated pulse is many times the strength of that from a
machine not so fitted and gives an identification signal. In
addition a certain number of pulses are not so amplified, accord-
ing to a specially prearranged code, which can be readily
changed for security purposes. The observer consequently sees

a very large echo signal which drops to a small value periodic-
ally according to this code and can note that this is a friendly
aircraft.

To avoid interference and deliberate jamming of the

R.D.F.system two major precautions are now in vogue. The C.W,

and synchronous interference is avoided by changing wave lengths.

Four channels are provided and the frequency can be altered from

one channel to an adjacent channel in 15 seconds. The change

is a 1-2-5-4-1 system so that to go from 1-4 will require a
minute,.

Any continuous jamming, of the nature of spark interfer-
ence or diathermy, is overcome by using a special cathode ray
tube made by G.E.C. and Cossor. The cathode ray tube has a
double layer fluorescent screen. The first screen glows by
action of the electron jet and the light so produced causes the
second screen to fluoresce, When the cathode ray beam moves to

some other point the second screen continues to glow by phosphor-
escent action. After am

The colours of the two screens are different and looking
at the cathode ray tube through an appropriate colour filter only
the phosphorescent action will be seen. The result is as shown
in the figure in which everything shaded appears as the lighted
part of the cathode ray tube, but the ground wave and echo stand
out as dark holes in the illuminated pattern and can be used to
Bive accurate measurement of range, azimuth and elevation in
exactly the same way as the illuminated echo and ground pulse
were used. This type of interference can therefore be considered
of negligible importance. Mmy attempts have been made to
discover means to jam the present equipment but the authorities
are confident they have met all probable complications.

All R.D.F. systems are useful only if the information
they obtain can be rapidly sent to HQ and if Fighter Squadrons
are ready to act on the information as soon as received. It takes
about two minutes for the Fighter Command to get the position of
the raider after the echo is spotted on the cathode ray tube.
This 18 with relatively untrained personnel and with experience
it is hoped to reduce this time delay.
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At present there are two observers at the R.D,F.recei-

ver. One man watches the cathode ray tube and moved the range

pointer and d.f,goniometers, A second observer sits by his side

looking at a glass screen. A small spot of light on this screen

represents the air craft. As the range pointer is moved, the spot

moves radially from a fixed centre which represents the location

of the R.D.F.station. When the azimuth goniometer is turned the

spot moves on the circumference of a circle, with the centre at

the same fixed point and radius given by the range pointer. The

motions of the pointers are transferred through a mechanical

system of pulleys and cams, The cams are used to correct for

quadrantal error, fixed site errors (the latter are usually
small), etc, The second observer now reads the range and

azimuth of the approaching aircraft from a grid on the screen.

He speaks into a telephone which goes directly to H.Q.Fighter

Command, When the first observer switches his d.f.aerials to

measure the angle of elevation, he also automatically switches

the grid lines showing on the glass screen to a set of lines
representing height of aircraft in thousands of feet, subdivided

further to 200 ft. intervals. As the goniometer is turned, the spot
of light moves until it occupies a position which will depend on
the range of the aircraft so that the height lines are not
straight but curved. The height of the aircraft is read instant-

ly by the second observer and telephoned to H.Q.

Rapid as the above system is, it is hoped to speed things
up considerably by using more direct indications. Coupled to the
range pointer and the two radio goniometers are to be special pot-
entiometers which will send out electrical impulses, These impulses
will operate uniselector switches (automatic telephone type) and
in the filter room lighted figures will give the range, azimuth
and height of the aircraft (presumably also the number). The sel-
ector switches can be arranged to correct for errors etc., and to
mako the calculation required to change range and angle of eleva-
tion to distance and height above ground.

The coast around Britain is divided into separate regions,
each containing a certain number of C.H.stations, We understand
the overlap of these regions is one station but that this will
shortly be altered to several stations (2 or 3)% Each station of
a region sends its information to a filter room and separate filter
rooms may be provided for each region.

In the filter room located at Fighter Command H.Q.,
there is a large scale map on which the position of a reported air-
craft is plotted by a counter as soon as it is received. As sever-
al C.H.stations will pick up the same aircraft in general, all the
counters which are five minutes old are removed from the board.
The counters aro numbered 1, 2, 3, 4, 5, denoting they were put
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on in the first, second, third, etc, minute of a period, and

a special clock showing only, L, 2, 3, 4, 5, (repeated

indefinitely) indicates to men detailed to the job of clearing

the board which counters should be loft on and which removed.

After an aircraft has been followed for a few minutes
it is possi.le to put an arrow down showing the track of the
raid, In the case of friendly aircraft, a special indicator
is used (looks like half a dumbell). These arrows then ro-
present the reduced observations of a number of stations and
give tho raiders'position with a fair degree of exactitude and
also the direction of travel,

The filter room is in direct telephonic communication
with each R.D.F.station and can tell the R.D.F.to concentrate

its offorts on one or more particular raids or ignore certain

others about which adequate knowledge is obtained from different
C.H.stations. The officer in charge of the filter room (and
one or two others in the room) is provided with what amounts to
& private branch exchange system of his own to each C.H.
station, Operators are listening all the time at each station
and relay the orders forward,

From the filter room the information about the raider's
track is telephoned to a similar large board in the control
room, under the direction of the "Control Officer", Fighter
Command, The tracks of the various raids are plotted (and as
before, tho information on the board is never more than five
minutes old) and tho Control Officer issues his orders to
various Fighter Groups and thence to Fighter Sectors.

The officer in charge of air raid warnings is also
stationed in the control room. His activities have already
been described,

The H.Q. at Fighter Sector knows the positions of
individual fighters. Two direction finding stations keop tab
of them all the time and report to H.Q. At present C.R.D.F.
receivers (wave length 40 to 75 meters) and Adcock aerials are
used, In the aircraft a clockwork device sends out a
signal for + minute and is silent 3/4 minute, Only one air-
craft in a formation sends out this signal but all planes are
equipped in case of emergency. A 5 watt transmitter with a
range of about sixty miles is used. Changes, which were des-
cribed to us, are contemplated in this d.f.system.

The O/C at Sector H.Q's then directs his men by
R/T to fly on such and such a course, at a given altitude for
a given time when the enemy should be sighted,
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One drawback of the C.H.system, at present, is that it
fails to detect low flying aircraft (i.e., the wavo-hopper)
say bolow elevations of three thousand fect, Other preventive
systems must be adopted and, of course, visual observation of
$000 feet and less is much easier. There are, too, certain
restraining influences which may make a potential enemy hesitate
to try low flying in attacks.

Another development under way but not yet adopted, is
a scheme to facilitate work in the filter room. The information
is telephoned (or sent electrically maybe) to an operator who
plots all the points given for aircraft positions from one C.H.
station and joining them makes a plot of the track of the raiders,
as seen from one C.H.station, The plot is made on a small
transparent screen. Light reflectors from this screen, as in the
case of an ordinary epidiascope, is projected on a large trans-

parent screen, The officer reducing the observational data sits

quietly in front of the projector screen and watches the tracks.
Simultaneously other episcopes, one per C.H.station involved,
show tracks. To distinguish between C.H.stations, different
colours are used by the plotters, If, say, three C.H.stations
are showing the same raid along slightly displaced, but corres-
ponding tracks, then it is a simple matter to forward a reduced
track to the control room. The height of raiders is indicated
to the officer by writing in the figures for the height. In the
case of the control room, these heights are written on a large
board. The method seems promising.
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R.D.F, TYPE A.S,.V.

This type is small and of light weight construction

and is to be carried in an aeroplane. Its principle function

is to assist in the detection of ships at sea from reconnaiss-

ance aircraft and for this purpose it can be considered to

increase the "field of viow" of the observer up to thirty miles

on either side of the aircraft, in all types of weather. The

range will depend somewhat on the size of the ship detected.

The above would hold good for ships of 10,000 tons and over with

the aeroplane flying at 3,000 feet. Ships of about 1000 tons

could be detected up to about twenty miles and ships as smail

as 200 tons are easily spotted. The range is about 15 to 20

miles for destroyers.

When using type A.S.V.a small transmitter and receiver

are installed in the aircraft, the weight of the equipment at

present being about 75 lbs, In contrast to the flood-lighting

principle adopted in type C.H. in the present case a beam is

sent out from the plane laterally and the ships are picked up

when they are athwart ships, The bearing of course is given

relative to the heading of the aircraft.

The signal emitted from the plane is reflected from the

sea immediatoly below but this does not prove inconvenient be-

cause tho pattern on the cathodes ray tube shows this sea echo

at considerably shorter ranges than the ones of interest due to

distant ships. The sea echo gives the altitude the plane is

flying. The echo from the sea is a large echo from the ocean

inmediately below together with some random scattered echoes

from sea areas in the imediate neighbourhood which aro, fortune
ately, rapidly damped out,

Strong echoes are also obtained from coast lines and,

im fact, the system can be used to follow a coast line very

easily.

A ship is not under observation for much more than about

one minute if the aeroplane simply flies past her, and a range

can be given for about one minute and signalled to shore. The

method 19 ideal for the pilot for locating ships by determining

the moment they are abeam, when he simply turns and flies direct-
ly to the ship if he wishes to identify her, At the moment no

method of identifying friendly ships has been worked out.

Two different systems of aerialsare needed depending upon
whether the plane is of wood or all metal construction. Por a

plane of fabric and wood construction a Yagi array is mounted
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horizontally on the wings and is used for a receiving array.

(Horizontal polarization is again used, as in the case of C.H.
because vertical polarization has been found to introduce needless
complications). The.boam width is about 6 degrees. The sending
aerial is simply a pair of dipoles mounted on either side of the
aircraft. ¡

The all-metal machines are proposed to be fitted with a
sterba array for transmitting which is hung between tho rudder

and a post provided at some convenient point on the forward end
of the aircraft. In this case a pair of dipoles is used for
receiving. (Seo fig. for outline of aerials). The polar diagrams
for the two cases are very similar.

A special commtator is used to interchange the two re-
ceiving aerials and when an ocho is received from a ship it will
be much stronger when the dipole and the ship arc on the same side

of the aircraft so that the sense is indicated instantaneously
to the pilot.

The input, which is derived from an engine driven

alternator, is about 266 (500) ᓁwatts and the power output is
about one kilowatt. The wave length is 1 metres and relatively
long pulses, i.e., long for aircraft applications, of about 1
to 14 microseconds are used. The transmitter has an uncontrolled
squogger circuit and the pulses are repeated between 20,000 and

30,000 times per second, The time base for the cathode ray

tube comes director from the squeggor circuit of the transmitter

thereby saving the complication of a special unit for a time base,

The present recoiver has a band width of 1 megacyele. It

consists of one high frequency and mixer stage followed by a

standard television receiver, Although this is by no means ideal

because the standard television receiver is heavy and bulky for

this job, it is working as a temporary expedient and the production

models have been considerable improved.

Tho transmitter weighs 6 lbs. and its power supply about

30 to 40 lbs. This is relatively heavy but 5000 volts are

required on the transmitting tube. The receiver and power supply

weigh betwoon 30 and 40 lbs. The cathode ray tube and its supply

which is also obtained by transformers and rectifiers in the ¡

usual manner weighs about 10 lbs. The weights of tho power supplies

are materially reduced by using a 2000 cps alternator, The
weight of tho receiver is the troubling factor at present and

efforts are being made to reduce it.

Tho cathode ray tube used now is a Cossor 3232 and some

trouble has been experienced with vibration. It is believed that
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the mounting does not transmit vibrations but that these
are being transmitted acoustically to the glass envelope.

This job is considered finished and is being

fitted in aircraft throughout the Service. Its cost is
approximately 300 pounds Sterling per plane fitted.

30°
bes min.

Elevation Plan

Polar diagram of Reflections from Ships
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R.D.F. TYPE A.I

Note: This type was inadvertently left out of
paragraph 2, Part I, although referred to in paragrapn 13.

This closely related type is also designed to be carried
in aircraft and is to be used to locate enemy aircraft. The
requirements were for a device to work between ranges of 300 yards
and 5 miles. Onehundred yards was asked for but this necessitates
using an impulse 1/3 microseconds long and a receiver band width
of 5 megacycles. Because the latter was not readily available, 300
yards as a minimum range was agreed to.

The receiver and transmitter are as described for 5487.type, but in this case it is necessary to use four horizontal
dipole aerials(56 cm.) long mounted above, below and on either
Side of the fuselage. Tour dipoles are employed and a commutator
selects each in turn. The aerials above and below the aircraft
are needed to give sense in a vertical plane.

The performance of the equipment depends on whether the
plane is flying on land or over sea. The two kinds of pattern
shown on the cathode ray tube for these two cases are shown infigure I, (a) and (bj respectively.

When flying over land the maximum range is equal to the
height of tho aircraft because many random and scattered ochoos
are returned from the earth atlonger distances and make ranges
greater than this impossible. The useful region covered by the
equipment is thereforo that inside a sphere with centre at the
aircraft and radius equal to its altitude.

Thon flying over sea the echo from the sea is as for
the A.S.V.type.In this case there is a useless region, a spherical
shell, with centre at the aircraft and whose inner and outer
radii are the altitude of the plane and the slightly greater dis-
tance from which scattered ochoes aro returned from the sea
surface,

When this equipment is mounted on the ground its perfor-
mance is much better and ranges up to 15 miles can be obtained.

Mechanical switches located in the transmission lines arein use to commutate tho aerials but give a certain amount oftrouble, due to noise, No electrical switching device tried todate has been satisfactory. Β ᐠ.

The range accuracy is good but the D.F.accuracy is notso high as at present. On the other hand a higher order of accur-acy for tho D.F.work is not necessary for this particular applic-ation.
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Contour Navigation

Obviously the range finding property of R.D.F.system
can be used as an altimeter and tests are being made on the device
as a navigational aid, By following the contour of the ground
below very carefully, it is possible to give the position of the
plane but the emission of signals from the plane all along the
route is highly undesirable over enemy territory.

On the other hand R.D.F. does give very definite in-
formation of such things as the exact time the pilot crossed over
a coast line because the change, sea to land, 18 very marked,
It will also indicate the exact moment of crossing a deep ravine
such as the Rhine valley.

The minimum height above the ground that can be in-
dicated is about 1000 feet and so it cannot be used as a landing
aid, particularly as barns and other objects show up so strongly
that the pilot is liable to bo startled and stall when in mid-air,

Information is also given of the distance to the
nearest coast line when flying over the soa.

Methods of "Contour Navigation" are still being
developed but the installation is considered finished from the
radio point of view. The only remaining point to be determined
is the exact wave length to employ. That of 1.5 meters is all
right but it does not givo adequate descrimination between "Town" a
and "Country" districts. A wave length of 6 meters seems to be
good for this purpose,

The power and apparatus used are about the same as
that for the other applications. Single dipole aerials are used
both for sending and receiving,

R.D.F. - M.B.

This type is closely related to C.H. It is a mobile
unit intended for inland use by such groups as the Observer Corps,
by Expeditionary Forces in the field, and has been used in England
as an intermodiate C.H.station when the whole system was not
finished and it was desired to fill in the gaps in the main chain,

ᙴ The apparatus is carried on two lorries and two trailers,
it has a range of 30 miles for aircraft at 10,000 feet (equipment
at sca level),

The accuracy of the azimuth and elevation determination
are about the same as for C.H. The elevation determinations are
dependent on the site, however,
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The powor of the transmitter is about 20 Kw now but
will be 150 in futuro installations. It oporates on a single

wave length of approximatoly 10 metors. A team of four or five

men is róquirod to operate it in contrast to the 40 needed at C.H.

stations. (5-8 meters),

Two wooden domountable towers 70 feet high are used

and they are carricd on one trailer. Tho petrol-electric power

plant has a capacity of 9 KVA for tho 20 Kw sender.

We have not seen this equipment but understand it is

in the production stage. Or, to be more explicit, wo have soon

only parts of it and have not soon it working.

Β.Ρ.Ε. = GL.

This is a mobile device for assisting in gun laying
and range finding for A.A.guns. It is mounted on three trailers,
ong carrying a 15 Kw alternator driven generally by Diesel engine
(at Isle of Dogs by a petrol engine). The ignition noise of the
engine is present but + not a serious source of interference,
It can be discounted entirely for this application.

The apparatus at present gives only range and azimuth
but it is expected to get alt-azimuth anglos also before the end
of July. Tho accuracy of the rango finding equals that of the
optical rango finder and exceods the present accuracy of the fuse
sottings on tho A.A.sholls. As used now without angle of elevation
the G.L. assists tho ordinary optical methods of fixing the position.
of the incoming raiders and results in a saving of almost twenty
Seconds in time, Tho information obtained from the G.L. equipment
is sent directly to the gun predictors through a repeater system
developed by the Admiralty Research Laboratory. The information
appears at the predictors either as a reading on a dial (when
using tho Mot. Vickers Type) or as an automatic setting on the part
of tho predictor (whon using the Sporry typo).

Tho maximum range on the dial is 14,000 yards but this
is evidently dictatod by other considerations than those of the
instrument as ranges up to 15 miles are possible, The accuracy
of range indication is about 20 yards at ranges of 12,000 feet.

5 os A Voltage regulator is fitted to the “alternator
which maintains à regulation 1% (no load to full load),

` The transmitter is mounted in a second trailer and the
receiving equipment in a third. ‘The transmitter emits impulsos
about 5 to 10 microseconds duration with a repeating frequency of
1000, The sending aerial is a half wavo dipole, at a height of one
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wavelength above the earth, (tts polar diagram in the vertical
plane has a minimum at 30 degrees). The transmitter is of the
uncontrolled "3queggér" type giving about 20 Kw output (peak power).
(The smoothing filter on the half-wave rectifier circuit is
mostly a condenser filter with a small choke.) The wave length
used is 5,5 meters and tuning can be varied over a small range

around this point. (it apparently takes about five minutes to

change the wave length at the transmitter end).

The receiver is mounted in a hut and the whole hut

can be made to rotate about a vertical axis. The receiving

aerial is rigidly fastened to the hut so that as the hut is

rotated the aerial moves to a position of zero signal which indica-

tes the direction of the raiders. The aerial system consists, `

for the D.F.part of the work, of two horizontal dipoles spaced

a wave length apart with a reflector located } wave length behind
the first pair. The polar diagram is as roughly in Fig.

One distinguishes between the various minima hy the fact that the

signal does not go to zero on the range cathode ray tube when the

direction OA is properly given. The senseof OA is determined by

switching the reflector aerial in and out. If tho.echo increases,

reflector in, the aircraft is ahead.

For the range a separate horizontal dipole located

below the D.F. array is used, These two separate “eerials are

connected to two separate receivers one for range and the other

for measuring azimuth. Gwing to the short ranges being measured

the time base is spread out a long way over the tube and curves

around the edge. A special cathode ray tube has been developed

by Cossor for the purpose and the leads to the X and Υ plates

are brought out through the sides of the tube. The range of the

rapidly moving aircraft is measured by keeping the echo of the

wanted aircraft at a fixed point on the cathode ray tube.

This is done by moving the whole time base back and

forth across the tube. The potentiometers which supply the biasing

voltages for locating the time-base position are calibrated to

read range in yards directly on a dial. (The reading of this dial

is automatically transferred to the gun predictor). To measure tha

bearing the whole hut is rotated by turning a crank and the echo

disappears when the aerials are in position for receiving minimum

signal and again the dial readings are automatically transferred to

the gun predictor.

The receiving circuit consists of three H.F.stages, a

mixer tube with separate oscillator, an I.F. amplifier working on

& frequency of 9 Mc/sec., a diode detector and output stage which is
connected with the cathode ray tube, (The output from the receiver
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would probably be in the orderof 200 volts or so, maximum, as

the sensitivity of the cathode ray tube is roughly 40 volts/cm.

The input signal voltage for the returned echo is

very smali, frequently below the noise level of the receiver.

R.D.F. = A.I. (2)

This is a device for homing on a jamming aircraft.

For this purpose, it is not necessary to have a transmitter on

the plane. Instead azimuth and elevation of the "jammer" are

measured and the aircraft simply "homes" on the signal. This

is still in the development stage but is important from our

point of view as explained in Part IV,

R.D.F. - C.D.

The purpose of this type is the determination of ships!

position from shore station. It is still in the development
stage but 18 giving very promising results. In contrast to the
flood lighting of the C.H.system it employs a highly directive

array for the transmitting antenna which is mounted in a rotating

frame. The whole antenna system is rotated about a vertical

axis through an arc sufficlent to cover the sea area under obser-

vation. The array is of the Sterba type fed at five points

through concentric feeders. By varying the phase of the separate

feeders slightiy the main lobe of the polar diagram of the radia-

tion can be made to wobble plus or minus 3 degrees from its nor-

mal position,

If the ship or other reflecting object 1s located (as

in Pig.2, p.21) on a line at right angles to the line of the

receiving array, then the size of the echo will be equal for

the two positions of the major lob (A and B), when this lob
is rapidly switched from direction Α to B.

For any other relative position of the ship's direction

and the line of the array, the echo size will be unequal when

the polar diagram is rapidly switched from position A to B

(Pig.3). By turning the array until the echo sizes are equal
the azimuth is accurately found. (To place the two echo sizes

in evidence on the cathode ray tube, the horizontal time-base

is slightly shifted from side to side in synchronizm with the

wobble of the polar diagram.)

The receiving aerial is a system of horizontal

dipoles, The wave lengths used at the present time are 1.5

meters and lower,
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The power of the transmitter is about 20 Kw. Its aerial

is mounted in a frame 26 feet by 10 feet.

P

Plan View Plan View

B

AB

ᐱ_ ¦
Echo Pattern Echo Pattern

Fig. 2 Fig. 3

Ranges up to 8000 yards are obtained from C.D.when

located at fifty ®eet above sea level, and ranges of 40,000

yards when the same gear is at greater heights. The errors

are such that they do not exceed the total length of the ship

for measurement of azimuth and not exceeding total width of

ship for range. Increasing the height above sea level of the

equipment would increase the range.

The C.D.methods are intended to be used for spotting now

and maybe to give directions accurately later.

For Fleet Air Arm

For this application the apparatus is supposed to give

the range of a single ship or multiple ships and it can be used

for "Homing" on an aircraft carrier. For this latter function

the accuracy of the azimuth determination is low, but it is

good enough for the purpose,

No beams are used but instead a single dipole is rotated

at 1000 rpm. The receiving picture is quite different to that

of other methods, The sweep circuit deflects the cathode ray

spot vertically but the output from the receiver is such that

the spot is out of focus normally but is in focus when the

"ground ray" and the "echo" should show. See Fig.
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Simultaneously with the vertical sweep, a horizontal

sweep moves the spot across the tube. after the manner of a

television picture and the speed of the horizontal sweep is

such that, starting from the loft side as origin the distance

along the X-axis corresponds to the azimuth of the rotating

loop. The distance apart of the two lines of light gives the

range and the angular point, at which minimim signals occur,

shows a dark spot on the upper line, giving the azimuth of

the ship.

It seems probable with higher powers in the transmitter

and possibly using a higher wave-length that the range may be

expected up to 150 miles.

The altitude for the plane to fly should be about 1000

feet. There is a definite upper limit to the height because the

ship has a polar diagram in the vertical plane for strength of

reflected signal which has a minimum at about 10 or 15 degrees.

The ship has also a polar diagram in the horizontal plane but
this does not seem to bo as serious at the vertical diagram.

Capacity slip rings are being used at present but they

have been giving considerable trouble,

Naval Applications

Types 8.8. and S.A. are naval applications not yet

seen by us, They are designed to detect ship from ship and

aircraft from ship respectively.

R.D.F.

Objects as small as bombs can be detected and their

ranges accurately found. It is the intention to equip a plare

with a special R.D.F. suitable for very short ranges, to note

the descent of the bomb from the plane and, as the bomb passes

the enemy plane, its echo on the cathode ray tube will merge

with that of the enemy plane. The bomb hag an aerial as a

reflector. Consequently, at this instant the pilot sends

a radio signal which explodes the bomb. The idea is still in

the development stage. Vne of the difficulties in the way of

application of the method is that the area of fragmentation

of the bomb is given roughly by the outline shown in the

Figure and consequently the bomb should be fired when it has

reached position A or B deponding on whether it is ahead or

behind the enemy plane. Actually the bomb will explode when it

reaches position 0 by this method.
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Very short waves (CM) are used and the power output
of the transmitter is relatively small.
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PART IIT. GENERAL APPLICATION TO DEFENCE

1. Before attempting to consider the application of R.D.F,.

to the particular defence problem of Canada, certain aspects

of its general application to defence are given hereunder

which it is hoped will give a comparative basis for consider-

ation.

2. In its broadest application, R.D.F. considerably modifies

the conception of modern warfare particularly as relating to

that type of war directed at the civil population as distinct

from field warfare. Even as the aeroplane introduced new eyes

for the fighting services, so does R.D.F.multiply and magnify

the effective use of these eyes.

$. In its present stage of development, its uses are mainly

defensive. But offensive uses are appearing with respect to

navigstion over enemy territory and many more may, in future,

be expected to be developed.

4. R.D.F. may be said to have sprung from the necessity of

adequate defence of an island people peculiarly vulnerable to

air attack. The concentration of a large population ina

comparatively small area brought dangers of air warfare not to

be found in countries where geographic dispersion of population

existed and where the main strategic targets are far inland.

5. With concentration of population goes the element of

the concentration of vital services, the breakdown of which

would prove most serious and tend towards the accomplishing

of the "knock-out blow" or attempt thereat that a certain power

might be tempted to make at the outbreak of war, without the

traditional ultimatum having been given.

6. Britain, as an island power, is dependent upon its sea-

borne trade and consequently its dock areas for food and other

supply reception and for its distribution over a large network

of vulnerable rail communications.

7. Another factor which contributed materially to the

necessity of developing a system of oarly detection of

raiding aircraft or ships, was the indifference of the weather,

fog, cloud,and mist reducing visibility to often nil or

limited visibility, making the requirement for additional eyes

of greatest importance,

8. Further, its most potential enemy is within easy bombing

distance of Britain and is in possession of large fleets of

modern bomber aircraft which if not detected early and contin-

uously followed could penetrate quickly to vital targets,
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knows that his subordinate commanders are directing their part

of the operation as members of a "team" and with full lmowledge

that they are conversant with the full facts of the situation

in their respective sectors and that their forces may be directed

to any area the C-in-C may require, without confusion or imper-

illing any phase of the operation.

14, This development has taken place in absolute secrecy, Neither

the Service nor the Public knows anything about it. Imagine

therefore the value with respoct to national morale that is

accruing against the date of its announcement, when the Public

and the Services become aware of the fact that air raids cannot

approach the coast of Britain without sixty to one hundred and

forty milos of warning being given, that intercepter aircraft

can be brought accurately within from two miles to one quarter of

a mile of the point of interception, horizontally and vertically

within plus or minus 500 feet, that not only can the number of

raids be givon but approximately the number of aircraft in each

raid, that the track of each raid is being accurately plotted and

the raid being passed on systematically to those who should deal

with it, that the A.A. gunners can pick up their target fifteen

miles away and save at least twenty seconds (approx.) in laying

their guns with an accuracy exceeding the range to which they can

set their fuses; further, that the effectiveness of General

Reconnaissance aircraft is multiplied from five to six times their

original effectiveness, that ships can be detected, regardless of

visibility, from such aircraft for thirty miles on either side,

or ship from ship at unprecedented ranges, that coast defence guns

can be laid with accuracy against ships eight miles away under

conditions of nil visibility (including smoke curtains), that
offensively our bombers can be assisted in reaching their object-

ives and in returning to their base, that in the case of inter-

cepter fighters, or bombers, friend can be distinguished from foe;

that the system is fool proof, simple of operation and probably

jam proof and cannot be interfered with, except by unpractical

methods.

15. Such a development is well under way and, in respect to the

major uses it can be put to, is, in a large measure already in

operation.

16. The extent to which it is being installed is indicated by

the amount of money being expended this year, namely 412,000,000.,
an amount equal to the entire defence vote of Canada,

17, Having shown something of the development of R.D,F,in its
relationship to the defence problem of Britain, we proceed to
examine those in relation to possible, or otherwide, application to
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the Canadian defense problem, Obviously, we have not the problem
of dense concentration of population to consider, except the

case of our coastal citios and the cities of the St, Lawrence

waterway, all lying within roasonable distance of important

great circle routes and within potential bombing range of

carrier borne aircraft,

18. Whereas the likelihood of major destruction or damage to

these cities cannot immediately be seen as a possibility of such

attacks, or of any likelihood of major operations in thes vicin-

45408, the political significance of attacks at the commencement

of war on these cities might be far-reaching.

19, Nor are we in the same position as Britain in being entirely

dependent upon its sea-borne commerce. But, and equaly important

from the point of view of membership in the British Empire, and

in keeping with the responsibilities thereof, it is of vital

importance to Britain and to the general cause that in time of

war, the flow of food supplies and war material essential to the

economy of Britain should not be interrupted. This is particular-

ly important should the Mediterranean passage be closed and the

Cape route further lengthened by a hostile Spain; also, in tho

event of the neutrality laws of the U.S.A. remaining effective.

20, In this connection, it is borne in mind that Halifax and

st. John, N.B., are our only winter ports on the East coast,
and we have taken this fact into our consideration in preparation

of a suggested R.D.F. scheme for Canada.

21. The West coast presents a somewhat different picture. The

element of sea-borne commerce and supply for Britain does not

enter into it, except for what might be routed from Australia

and New Zealand via Vancouver. But these are essential Empire

communications to be protected,

£2. Here, too, though in previous wars being considered impossible

or extremely unlikely, sporadic coastal raids have to be considered

and even, in these days of daring strategy, the possibility of

an attempt to seize and hold, for operational purposes, a part of
our western coast by invaders immune from land attack and most

difficult to dislodge from sea, once established. Such a landing
would be difficult in the face of a strong air defence, but
early warning of our Air Force would be of major importance in
preventing such an occurrence,

23. Weather conditions on each of our coasts might be considered
analogous to British conditions, although varying considerably
therefrom, An intelligent enemy might be expected to avail himself
of conditions of low visibility or darkness, but day or night,
cloud or fog, R.D.F. is effective, On the West coast, much
longer ranges then obtainable in England are to be expected on
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account of altitude obtainable for tho aerials. West coast cities
could therefore expect 200 miles warning of air raids, regardless
of local visibility.

24. There is little likelihood of Canadian defence ever
reaching a condition of saturation. On the other hand, where we
are necessarily faced with having to defend two extensive, widely

separated coasts, we have to use as efficiently as possible the

limited forces at our disposal and to avoid any possibility of

confusion such as would dissipate our force, In other words,not

only does R.D.F.detect and give the position of raiders, it con-

firms with certainty, or denies with equal certainty other reports

whether false or genuine,

25. The importance of sea-search is stressed both from the

point of view of its undoubted value and the feasibility, econ-

omically, of immediate installation. It is not an exaggeration

to state that one aircraft can easily do the reconnaissance work

of a flight and that a squadron so equipped, from point of view of

reconnaissance, is many times multiplied in efficiency,

26. A further consideration is the possibility of Canada training

large numbers of pilots for Britain, or alternatively, large

numbers of pilots for service with Canadian forces should these

be sent to aid Britain, Such pilots (as well as pilots for the

defence of our own coasts and approaches thereto) should be
trained in the new technique.

27. Looking a little further into the scheme of things to be,

in the not distant future, we can forecast the extension of this,

or similar system to both coasts of North America, valuable not

only in defence but in the many other applications to which it now

cannot be put, owing to secrecy, but will undoubtedly be put when

it becomes generally known.

28. Finally, it affords a most efficient method for controlling

and safe-guarding our own aircraft. Used in conjunction with R.T.

a lost aircraft can be directed safely to any point desired. If

lost out to sea, the pilot need only fly in a general direction

towards a shore until he is picked up by R.D.F. and directed by

R.T. onto his course, Thus control for a considerable distance

out to sea can be maintained on either coast, including the Gulf

of St. Lawrence and the Bay of Fundy. Further, it should be noted
that when the aircraft is fitted with the "friendly" identification
device, the potential range of any R.D.F.station will be greatly
increased. In addition, the R.D.F. system can be used to locate
friendly aircraft accurately in the important range of distances
where ordinary D.F. methods on short waves fail owing to
scattering and skip distance effects.



29.

29. Relation to Balloon Barrage

The greatest weakness in R.D.F. is the relative diffic-

ulty of picking up the low flying aircraft over the sea. The true

significance of the Balloon Barrage is seen when this factor is

considered and the general strategical use of the Balloon Barrage

is to force aircraft to fly at heights where R.D.F. is effective,

as well as to cover the areas in space, i.e. 2000 feet to 4000

feet where neither the low trajectory A.A.guns or the high

trajectory A.A.guns are effective.
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PART IV. PARTICULAR APPLICATION TO CANADIAN DEFENCE

1. ‘In considering the application of R.D.F.to Canada, we were
tremendously impressed with its possibilities but considerably

sobered by the magnitude of the cost involved in an adequate

installation for Canada. Wo therefore thought in terms of min-

imum adequate coverage of both coasts and worked out a primary

and a secondary or substitute scheme which is shown hereunder.

2. In tho primary scheme we have suggested a series of stations

considerably bolow the donsity of the British scheme which has

tremendous overlap covcrago, and, based on anticipated higher

sites for the installations, we have conservatively increased the

ranges over those obtained in Britain, a position with which the

R.D.F. authorities in Britain aro in complete agreement.

3. In the secondary scheme, we have used similar ranges as in

the primary. On the minimum side we have had to be careful to

avoid the position where, for purposes of sconomy, the usefulness

of the systom would be impaired, as there appears to be an

economic point below which it is unwise to reduce.

4, Wo have not been unmindful of the fact that the adoption of

type A.S.Vcan be considered apart from any scheme as perhaps can

8,9., the latter being a naval consideration,

5e PRIMARY SCHEME

West Coast East Coast Types of Stations or

Installations

3 4 C.H.

2 3 M,B.
15 15 A.S.V.
? ? G.L.
1 1 A.I.

2 ? o.D.

6. R,D.F. - C.H.

R.D.F. - C.H. is regarded as tho most important applic-
ation in Britain. Whether or not it is so for Canada remains to
be determined, We have, however, so regarded it and have accept-
ed C.H. as the main item in both primary and secondary schemes.

7. Minimum adequate coverage would be obtained by a chain of
three stations on the West coast, one on the western coast of
Vancouver Island, one on the mainland betwaen Vancouver Island



51.

and the Queen Charlotte Islands, and one on the Queen Charlotte

Islands. The first would cover well to the south of Vancouver

Island and a considerable distance to the north of the Island.

Tho Queen Charlotte Island station would cover the Island and

the Alaskan approach and the mainland station would overlap the two

Island stations. Thus the entire coast would be covered by

stations having a range seaward of over two hundred miles, and

further for friendly aircraft.

8. Four C.H. stations are considered necessary for the East

Coast, the southern covering the tip of Nova Scotia and well

beyond, including the approaches to st. John, N.B. and overlapping

with the second C.H.station to cover Halifax and as far north

as the southerly end of Cape Breton Island; the third station on

Cape North to cover the entire coast of Cape Breton Island and
the sea area between Cape Breton and Newfoundland; the fourth C.H.

station on the easterly end of Anticosti, giving complete coverage

of the Gulf of St, Lawrence. The ranges of these stations are

estimated at not less than 100 miles for Anticosti and the two

southerly stations and 150 miles for the Cape North station,
These distances may well be exceeded in practice, dependent on

height of aerial above sea-level.

9. The primary purpose of these stations would be to detect an

approaching raid, or raids in sufficient time to issue adequate

warning, get the intercepter fighters (which at present are short
range aircraft) into positions and heights where they can be used
with certainty, as far as humanly and mechanically possible, of

making an interception, and man the anti-aircraft defences on the

ground, Secondly, to keep track of the raiders and thus be able,

progressively to prepare for their reception by knowing exactly

where they are and where they are headed.

10. During this time the position of friendly aircraft will be

known and whether or not the interceptionig successful long

before visual range is obtained, in certain instances; also,

and this has a particular application where the intercepter

fighters carry but insufficient ammunition for six or eight

second's firing, successive interceptions can be arranged.

11, It would do away with the necessity for routine fighter

patrols and the high costs involved in keeping modern fighters

of short range and duration in the air over an extended period.

12. A further economic advantage to be gained is the elimination

of false air raid warnings, and the issue of warnings and

"all clear" signals as and when each is applicabile.
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15. R.D.F.- M.B.

R.D.F. - M.B. is relatively less costly. In addit-

ion to its primary function for use as inland R.D.F., where used

over flat areas it would probably be very effective, it can be

used in Canada as intermediate to C.H.stations, but one of

the main reasons for including three sets on the East coast

and two on the West coast is on account of it being useful in

determining the best sites for C.H. , and in this connection, it

is proposed to mount one set on each coast in a 20 to 50 ton

vessel for exploratory work along the coasts and two as land sets

on the East coast and one as a land set on the West coast. This

is considered as an economy, particularly as there are many

useful purposes the set will serve after the exploratory work is

completed.

14. R.D.F. = A.S.V.

Much has been said of the ability of this type,

installed in reconnaissance aircraft, to multiply their effective

use in locating ships. It has an application either to aircraft

patrolling alone or in wide sweeps, either in line or echelon,

or in successive sweeps. Under these conditions all vessels of

reasonably large size can be systematically kept track of by a

relatively small number of reconnaissance aircraft many hours

before they approach the coast. Its use is so promisingly effec-

tive that one questions our own wisdom in making C.H. the basis
of our schemes, On the other hand, C.H. increases the safety

factor in operating aircraft far out to sea, where, with their
friendly device apparatus they can be continually followed two
hundred and fifty miles, and possibly more, out to sea,

15. As a safety precaution, it is not unreasonable
to suggest that the track of aircraft operating out to sea should
be continuously plotted and their position be known at all times,
lest rescue becomes necessary. From the point of view of the
pilots and other flying personnel, the confidence thus built up
would be a decided asset and enable them to concentrate more on
b Search than on their navigation - particularly in bad
weather.

16. Again we emphasize the value of this device in all
conditions of visibility.

17. We have suggested that fifteen sets be purchased or
built for each coast. The number is purely arbitrary and possibly
much lower than the number that will ultimately be deemed
necessary. This number, it is interesting to note, will increase
the reconnaissance value of fifteen aircraft to that of ninety,
or, considering both coasts to a total of one hundred and eighty
as against thirty. It should be noted, for purposes of planning
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that a suitable aerial has not yet been developed for flying boats.

Such a development does not appear to present any insurmountable

difficulties. ve

18, R.D.F. ~ G.L.

R.D.F. - G.L. as thus far developed in Britain feeds
range and azimuth but not elevation into the predictor. The

elevation problem is in process of solution and will, it is thought,

in a short time, be an accomplished fact, giving or rather making

the complete operation possible and thus again increasing the

speed and accuracy that A.A. guns can be brought on their targets.

19. Being unaware of the number of A,A.Batterias, or

quite how it is planned to use them, we are unable to recommend

any definite number in this scheme. It is noted, however, that

the sets must be in close proximity to the guns. Thus if a

battery is split up more than one set will be required.

£0. R.D.F. - A.I.

The use of this equipment in the Canadian Defence

scheme appears to be redundant if C.H.is used, as, by C.H.

pilots can be D.F.'d on hostile aircraft to within striking dis-

tance. It has, howeved, a use in connection with C.H. in locating

interference and in experimental work connected thereto, We have

consequently recommended one set for each coast.

21. R.D.F. ~ C.D.

To what extent C.D.would fit into the Canadian,

Defence problem we are not quite certain. In its present state

of development (which is by no means complete) the ranges obtain-

able in England appear to be less than the range of coastal
artillery. Nevertheless, considerable value would appear to lie
in the fact that the apparatus is effective regardless of visi-

bility, from five to eight miles. Greater range than this is

expected where the apparatus (aerials) be erected at higher
altitudes than found on the coast of Britain, particularly on
the West coast. Ranges greater than the visual horizon cannot
be expected, but this distance increases with the height of the
aerial,

22, We have recommended one set of this for tho East
coast and one for the West coast, to be used with coastal
artillery units and for experimental work as it is quito likely
δια. will develop into an important use of R.D.F, for
anada,

35. R.D.F. ~ 8.8, and 5.4.

These are two naval applications of R.D.F. on which
we have little knowledge as the Navy are doing their own develop-
ment work. It would appear that S.S.is largely or entirely for
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capital ships. If so, it would have no application at present

to Canada. S.A.is still believed to be in the devel opmental

Stage. Neither is included in our schemes.

24. Secondary Scheme

This consists of the following installations:

WEST COAST EAST COAST TYPE OF STATION
OR INSTALLATION

g 2 C.H.

4 5 M.B.

15 15 A.S. V.

ᐛ 3 G.L.

n 1 A.I.

1 1 C.D.

25. R.D.F. ~ C.H. and M.B.

On the West coast, the Secondary Scheme provides

for the elimination of the mainland station and the moving of

the C,H.station on Vancouver Island further North and the moving

of the C.H.station on Queen Charlotte Island further South, thus

bringing the two stations closer together and using additional

M.B. stations to fill the gap and to give any necessary coverage

South and North of the C.H.stations, respectively,as may be re-

quired. The M.B.sets, for the most part,would be carried on

vessels. One M.B. set, it is thought, could be used to cover,

additionally, the waterway to Vancouver.

96. On the East Coast the Secondary Scheme eliminates

the C.H.stations on the southern tip of Nova Scotia and on

Anticosti but increases the number of M.B. sets from three to

five in order to protect the entrance to the Bay of Fundy but

leaving uncovered the southern part of the East coast of Nova

Scotia. The coverage of Halifax would be as in the primary scheme,

with the exception that the flank approach from the South East

would be covered by an M.B. set, Another M.B. set would be used

at Anticosti, or near Gaspe, giving limited coverage to the ap-

proach of the St, Lawrence river.

27. R.D.F. - A.S.V.

The number of aircraft recommended for the secondary

scheme, for both West and East coasts, is the same as for the

Primary scheme, as this equipment so increases the effectiveness
of G.R. aircraft that it would appear most uneconomical to in any
way reduce this figure. We believe this figure to be low rather than
high. It provides for 15 sets on each coast.
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capital ships. If so, it would have no application at present

to Canada. S.A.is still believed to be in the developmental

Stage. Neither is included in our schemes.

24. Secondary Scheme

This consists of the following installations:

WEST COAST EAST COAST TYPE OF STATION

OR INSTALLATION
2 2 C.H,

4 5 M.B.

15 15 A.S.V.,
2 ? CÈDE
a) 1 A.I.
? ? C.D.

£5. R.D.F. ~ C.H. and M,B.

On the West coast, the Secondary Scheme provides
for the elimination of the mainland station and the moving of
the C.H.station on Vancouver Island further North and the moving
of the C.H.station on Queen Charlotte Island further South, thus
bringing the two stations closer together and using additional
M.B. stations to fill the gap and to give any necessary coverage
South and North of the C.H.stations, respectively,as may be re-
quired. The M.B.sets, for the most part,would be carried on
vessels. One M.B. set, it is thought, could be used to cover,
additionally, the waterway to Vancouver.

26. On the East Coast the Secondary Scheme eliminates
the C.H.stations on the southern tip of Nova Scotia and on
Anticosti but increases the number of M.B. sets from three to
five in order to protect the entrance to the Bay of Fundy but
leaving uncovered the southern part of the East coast of Nova
Scotia. The coverage of Halifax would be as in the primary scheme,
with the exception that the flank approach from the South East
would be covered by an M.B. set. Another M.B. set would be used
at Anticosti, or near Gaspe, giving limited coverage to the ap-
proach of the St. Lawrence river,

£7. R.D.F. ~ A.S.V,

The number of aircraft recommended for the secondary
Scheme, for both West and East coasts, is the same as for the
Primary scheme, as this equipment so increases the effectiveness
of G.R. aircraft that it would appear most uneconomical to in any
way reduce this figure. We believe this figure to be low rather than
high. It provides for 15 sets on each coast.
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28.R.D.F.- G.L.

This requirement appears to be in direct proportion
to the number of A.A.Battorios or sections in relation to their
lcation. The sets must be with the guns and are useless from a
remote location, No estimate is therefore given as we have no
fogures to work on.

89. R.D.F. + A

One set of A,I. is recommended for each coast as in
the Primary scheme, i.e., for locating interference and for exper-
imental purposes.

59. R.D.F. =C.D.

Soe the remarks contained ia paragraph 21, as
for primary schome,

S1. SUMMARY

In presenting the above schemes for consideration,
we have in mind their illustrative value of the R.D.F. system
in its complete application to Canadian Defence, more perhaps
than as a concrete plan, Theoretically, it appears to meet
any defence requirementο Practically it may well prove to be
beyond economic policy to achieve. From the point of view of
practical application, it may be possible to reduce the C.H.
stations to one por coast, or delete entirely and suistitute
M.B. where deomed necessary, or to work out various combinations
of the two that experience of local conditions warrants. But with
respect to A.S.V.we unhesitatitingly recommend its early adoptionon a large scale. G.L. and C.D. is somewhat outside our scopeᐝ(as Air Force), but considerable data has been gathered for con-sideration of the arm concerned,
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PART V. - SUPPLY AND COST

1. The supply position is more difficult than the
previous sections of this report appear to indicate. It has cometo light at a very late hour which does not permit of the reportbeing redone as we are endeavouring to get it into the Diplomaticbag leaving to-day.

2. In respect of C.H. the developmental work has beencompleted for receiver and is in production. But some difficultiesare still being experienced with the transmitter though these areof a minor nature. Judging from the number of stations now
equipped this can be regarded as in production.

$. From the point of view of Supply to Canada, priorityproblems preclude our purchasing these items immediately, but itis possible that we might be permitted "one off" at an early date.The policy in this matter has not yet been decided. In fact theAir Ministry are Straining evory effort to complete their ownchain of stations and hàve been able to give very little thoughtto outside requirements.

4. The position with respect to supply of A.S.Vis muchworse than anticipated. In fact the developmental work on thisequipment has not, as far as we can ascertain, reached productionstage. Early supply of this is therefore very much in doubt. Weare informed however that Air Ministry intend to equip a largenumber of aircraft with the device and will eventually be in pro-duction on a large scale,

5. Ín the meantime, it is proposed that we commencework on this application immediately, in accordance with thefollowing provisions: (see paragraphs 6, 7, 10.)

6. ᐩ The position regarding M.B. is relatively good anddelivery of these “items in England is expected by June. Whetherwe will be able to get supply is in doubt.

Te It is suggested that we proceed along the followinglines, namely, make provision for purchase of equipment in Britainwhich would include provision for any adaptations necessary for

8, ^ Regarding cost, the sets in England cost the AirMinistry approximately:
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ὦ 75,000

ᓬ 300

£ 250

£ 6,000

£2,500

= 350

de The cost in Canada would be approximately the same
plus duty, sales tax (if any) and a considerable amount for develop-
ment and adaptation to Canadian conditions: also for communications
and telephone lines.

10, We would recommend that work towards either the
Primary Schemo or Secondary Schemo, or modification thereof be put
in hand immodiately on tho basis one C.H.station on the East and
one on the West coasts, at an estimated cost of £110,000; one M.B.
set for the East md West coasts at an estimated cost of £15,000;
and thirty A.S.sets for installation in aircraft at an estimated
cost of £11,000; making a total of 2136,000 plus £3,000 for test
gear etc.


