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1.0 RADAR SECTION T SEARCH SETS

This document intends to explain the Radar, IFF and Sonar systems that were used aboard
HMCS HAIDA from the time of her commissioning in August 1943 until she paithd@fctober

1963. The term ASDIC will be used instead of SONAR sonar where it is historically appropriate.
The various pieces of equipment in each section are not listed in any particular order.

1.1 INTRODUCTION

Radar was the name given during World Wdo an electronic system in which radio waves

were bounced off target inorder to detect its presence and locate its position. RADAR is an
acronym derived from the fuller term RAdio Detection And Ranging. A large number of
researchers helped to deyelbe hardware and techniques of radar, but the development of the
earliest practical radar system is usually credited to the British scientist, Sir Robert Watson

The German, Italian and Japanese navies all deployed radar systems of their own\betehe
substantially less advanced and much less effective than those used by the Allies. The concept of
detecting an aircraft was considered so important, that each country kept the implementations
very secret.

RDF (Radio Direction Finding) was the acypmused by th8rits as an attempt to disguise
radartechnology from the Axis powers. TheronymRADAR was created biieutenant
Commander Samuel M. Tucker USN and F. R. FuntiNovember 1940, for a twavay, pulsed
transmission system, although it wast accepted by all the Allies until 194Bhereatter it
received general international acceptance.

One of the most important advances made during radar development was the invention of the
cavity magnetron in 1940 by Sir John Randall and Henry Boot.devige generated high

power pulses in the microwave region of the radio spectrum and was small enough to be held in
the palm of the hand. Originally, the cavity magnetron was made from copper and it simply
melted after short use. By testing various meféndall and Boot eventually settled on
molybdenum as the best choice of material for the cavity magnetron. This was-akiteer

brittle metal with a high heating point. The magnetron could generate pulsed powers of 500 kW
in the S band (10 cm) and@&W in the X band (3 cm)

Another advance in radar was duplexing, a method still in use today. This is a switching
technique that allows the same antenna to be used for both transmission and reception by
blocking the receiver during transmission periddsaddition, the echo signals are displayed on

a CRT that uses a radial tidbase that rotates in synchronism with the aerial. Since the targets
appear in their correct plan positions relative to the radar station, this form of display is named
the Plan Psition Indicator (PPI).



The is the same type of 10 cm magnetron brought to
North America by the Tizard Mission in 1940. This specifi
example is Canadian Type 8 BX s/n 19152. It was
manufactured by Northern Electric for Research Enterpris
Ltd, a Canadian Crown Corporation. One of the filament
leads is missingPhoto by Jacques Hamel, VE2DJQe
Musée Québecois de la Radio)

1.20PERATION

In radar, a transmitter produces radio waves, which are then radiated from an antenna which
“illuminates"” tre airspace with those waves. A target, such as an aircraft or ship, that enters this
space, scatters a small portion of this radio energy back to the antenna. This weak signal is
amplified and displayed on a cathode ray tube (CRT) where it can be stydidchimed

operator. Once the presence of the target has been detected, its range and bearing must be
measured. Because radio waves travel at 186,000 mi/sec or 328 yards per microsecond, distance
can be determined by measuring the time taken for a raalie t travel from transmitter to the

target and back to the receiver. In pulse radar, the radiation is not continuous but is emitted as a
succession of short bursts, each lasting a few microseconds. A wide pulse is desirable because it
delivers more eneygand results in stronger signal return for the receiver. Wide pulses also have

a disadvantage they limit the minimum distance at which targets can be detected. While the

pulse is being transmitted, the receiver input must be blocked to prevent alel@nage from

the transmitted pulse and to avoid false target indications. If a target is located close to the set, its
echo might return while the receiver is still blocked. In this scenario, no target indication would

be shown.



This transmitted pulsef oadio energy is emitted upon receipt of a firing signal from a trigger

unit that simultaneously initiates the tirhase sweep on the CRT. Once the electronic clock is
started, and when the echo signal arrives on the tube, the time delay can be mieasured t
calculating the range. Pulses are emitted at the rate of a few hundred per second and the operator
sees a steady signal on the CRT.

There is one disadvantage of using a high pulse repetition rate. Once a pulse is sent out,
sufficient time must be alleed for the echo to be received. If another pulse is sent out before the
first one is received, false indications will be displayed. The pulse repetition rate, therefore,
determines the maximum workable range of the radar set.

CHAFF

Researcher Roberthagi | | e provides this short passage r ¢
relevance to it i develpment of chaff as a radar countermeasure started in the Second

World War by both the British and the Germaesch unawarthattheydiscoveredhe same

secret. Indly 1942, Lady Joan Curran investigated the idea of generating a cloud of false radar
echoes by dumping packetsadfiminumstripes from an aircraft. The invention originated from

the idea by Doctor Reginald Victor (R.V.) Jones in 1937, that a piece af fok{Dipole) cut

to half the wavelengtlof the transmitter radar frequency could be used dispersed from aircraft

and create false target echos to deceive enemy radar operators. The invented device was
codenamed Window by the British, Chaff by the Aioens, and Duppel in Germany (named for

the Berlin district where the first tests took place in 1942). However, Duppel saw limited use by

the Germans during World War Il as Field Marshall Goering thought it would invite retaliation.

Thus, he ordered subsent technical records destroyed. The decision not to use the Window
application was a much debated and welbt secret by the highest levels in Allied Command. It
wasnodét until early 1943 that Prime Mige ster W
A couple of weeks later, Window was first used by the Royal Air Force (RAF) during Operation
GOMORRAHT the devastating aitaids On Hamburg. During this operation, 90million

aluminized paper strips were dispersed, each measuring 12 by 0.6 inchesw\Yiiadtly

contributed to the confusion of the Wurzburg radar system and its operators, blinding them

almost completely and rendering the German air defence batteries useless.

Out of the 79IRAF bombers deployed, only 12 did not return, whereas in prewuassions,

without the use of Window, more thaf% of the aircrafts had been lost. For a long time,

Window was only used to attack the German Wurzburg radar systems. Quite notably, and along
with other deceptive devices, it was later used to providenmhédalsetarget (fictitious) fleets

during the DDay invasion components of Operations Glimmer and Taxable. The success of
these operations was greatly contributed to by the Canadian destroyer HMCS Haida, which was
designated as the lead ship for tridistioe coast of Scotland a couple of months prior to the
planned invasion. Haida, alomgth the Sterling and Lancaster bombers and smaller seaborne
vessels, conducted extensive and successful testing trials which led to the enabling and success
of thesewo operations”. (The Haida reference is from the book " Bodyguard of Lies by Anthony
CaveBrown The actual mention is at the end of Chaj



1.3 Type 271- Air/Surface Warning Set

Antenna location: After boathouse

Equipment locationSome electromss on the back side of the antenna. Suspect the operator sat
directly under the 271 since the antenna was rotated manually.

Installed: During the January 1944 refit in Plymouth

Removed:During November 1944 refib Halifax.?

While the SW1C prototypeas being tested in HMCS Chambly, a new air/surface warning set,
namely the 271, was being tested aboard a Flower class corvette, HMS Orchis in England on 25
March 1941. The 271 set, using the cavity magnetron, operated on ten centimetre wavelengths
(3030MHz) at a power level of 5 kilowatts, was keyed by 1.5 microsecond wide pulses at a PRF
of 500 Hz. This was quite a breakthrough in technology for the time, however it only used a
ranging display (A scope), a rather inefficient means for a search rasd@met and narrower

beam (5 degrees H by 20 degrees V) would permit escorts to detect trolomed)-boats at

long distances, consistently and accurately. Sea trials indicated that the 271 could detect a
trimmeddown submarine at 3,500 yards and a pegsat 900 yards. A battle ship was

detectable at 13 nm.

271 set(Photo courtesy HMS CoIIingwoodir Museum)

After the British provided a "gift'magnetron to the USA in November 1940, progress there was
also very rapid. The Type SG set designed by Raytheon went to as a prototype in a destroyer
with a dispay using a Plan Position Indicator (PPI) in June 1941. The SG worked on a frequency
of 3175 MHz with a 50 kW output.

By the spring of 1943, the large majority of nudean escorts were fitted with the 271, however,
many ships of the Western Local Esdéorce were not. To complicate matters, the British
introduced two improved models, namely, the 271P and 271Q. Both of these versions had output

6



power increased fro@ kilowatts in the 271 to 90 kilowatts in the 271Q. This quantum jump in
power output canddirectly attributed to a major improvement in magnetron technology. While
the RCN was struggling to fit new ships with first generation 271's, they were also under great
pressure to upgrade existing radars. By September 1943, only fourteen 271Q S#istaret

271P's were fitted into RCN vessels along with three original production models. The
introduction of 10 cm radar into fleet destroyers was delayed until the needs of the escorts were
satisfied.

Since the 271 set operated at the 10 cm waveéietigt antenna could be made small enough to

be housed in its own Perspex bubble and mounted on top of the operator's cabin. The antenna
consisted of a 'double cheesecake' with separate transmitting and receiving antennas stacked one
on top of the other. Ais radar was sometimes called 'lighthouse’ due to the shape of the dome.
Some of the transmitting and receiving elements had to be affixed directly to the back of the
antenna to overcome -@xial line losses. In the original 271, the power feed to trenaatwas

by coaxial cable so this limited rotation to 200 degrees. When the original magnetron was
redesigned to produce higher power, waveguide was introduced to the antenna system. Coaxial
cable could not handle those power levels.

Initially, the new 27 set was viewed with suspicion by the crews of the ships in which they were
installed. Noting that the ratings were reluctant to go aloft, especially to the crow's nest just
above the 'lighthouse’, the captain of a ship in which a new 271 radar hagkjush$talled
guestioned a seaman as to the reason. After a bashful amount of toe stubbing, the sailor
confessed that the 'buzz' was that rays from the set would make a man impotent. Nipping an
incident in the bud, the quick witted captain declared thewirto be nonsense. "Radar rays",

he maintained, "made a man temporarily sterile, not impotent". From this viewpoint, it was
viewed as a bonus rather than a drawback especially on shore leave. Thenbétame the

most popular piece of equipment in gtap.

A 271 sef(variant unknownyvas installed on HMCS Haida during her January 1944 refit while
she was in Plymouth. The radar hut was located astern between the searchlight anepibi@ pom
guns. An integral, perspex, "Rabx" antenna was mounted ditlgcabove the 271 office.
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Perspex enclosure for the 271 radar antenna. Th
a recreated enclosure found on HMCS Sackville

(Photo by Jerry Proc)




271antenna frat view. There were two, cheesecake style parabg
reflectors mounted on top of each other. One was for receive an
other for transmit. The antenna was manually trained by a hand
wheel in located in the radar offiggmage source unknown)
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This image shows the antenna backside which contains some
electronics(lmage credit unknown)

14 Type 291 - Air Search Set

First antenna location: Foremast top in 1943.

First Equipment location: lmnoffice on the Flag Deckelow the bridge in 1943.
Second atenna location: Relocated to mainmast top in 1944

Second guipment location: 291 moved to the Second Wireless Office
Remova: During 195652 modernization

This was the final British 214 Mz (P-Band) small ship, air search radar that was introduced in
1942. Early versions of this set required separatsinating and receiving antennas, but a TR
box was soon developed. The antenna was similar in concept to that of a 281 type, but the
dipoles were supported by anskaped structure. This antenna had a beam width of 40 degrees
and was of the lazy 'H' constition. Power output was 100 kilowatts at a pulse length of 1.1
microseconds. PRF was 500 Hz. It had the capability of detecting a bomber at 15 nm.

By 1944, type 291 was fitted to nearly all British destroyers and lesser escorts. Its installation
time wasseven days. The M, P and Q versions had powered rotation for the antenna and PPI
displays in addition to the 'A' scopes. Type 291U, developed for coastal forces and trawlers, had
a special lightweight aerial consisting of a pair of superimposed Yagaultt detect a

submarine at 1.5 nm. Another variant, the 291W, was designed for submarines with a rotating
aerial that had to be watertight and withstand hydrostatic pressure.

Eventually, the 291U and W sets were replaced with the model 267W. As forlthie 29

remained in service in destroyers until about 1952 after which destroyer air search was restricted
to coverage provided by the 293 set, the target indication radar.
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Both the 291 and 293 sets were fitted on HMCS Haida simultaneously. Les TaylolsaflWa
England, a former radar mechanic on Haida, recalls the details of the fitting. "The 291 office was
located on the flag deck below the bridge. The antenna, which was located at the top of the
foremast was fed by Pyrotenax cable. This coaxial type eabisisted of a centre conductor
surrounded by a powdered, cera#ike compressed insulating materidhe centre conductor

and the insulation was enclosed within a hollow copper tfjdfer any reason, moisture entered

the cable, its insulation propes fell below acceptable limits and required the occasional
treatment with a blow torch to drive out the moisture.

During my service on HAIDA, | was solely responsible for maintenance, range calibration, and
repair of the radar equipment. There was ne that | could turn to for help, advice or to discuss
technical problems. Slightly short of my eighteenth birthday, and being the youngest person
aboard, | was supposed to be the expert. The technical radar school at HMS Valkyrie on the Isle
of Man had may rooms containing radar equipment for either large or small ships. We were
given a training choice on particular radar types that were fitted on large or small ships.
Afterwards, we were drafted to those particular ships upon the completion of oungraini

chose small ships. How lucky.

291 Antennallt is not known what version of 291 set was fitted to
HAIDA . (Photo courtesy CB 4182/45 Radar Manual)

11



1946:The 291 radar was docated in the Second W/T office
after late 1944. Abve- 291 transmitter; 291 receiver; 291
indicator; Aerial controlnder indicator. Power supply board
for outfit DUF (under aerial control); PPI; 242 IFF modulatg
mixer, transmitter, IFF responser below PPI. On starboard
bulkhead, PPI controldard; 202 IFF control boardRCN
Photo HS 174%7

12



15 Type 293M- Warning Combined Type

Antenna location: Foremast, teardrop platform

Equipment location. Port side , main deck , across from the galtbg space now occupied by
the EMR compartment

Instaled: May have been installed during HAIDA's 1944 Canadian refit ?

Still aboard in 1958, but perhaps being used

Removed: By 1960 ?

This type was an-Band target indicator (sometimes referred to as 'Warning Combined' type)
using the same transmitter as @77 and was equipped with the new, azimuth stabilized, 'cheese’
antenna. It acquired that name because it looked like a block of cheese cut in half. Stabilization
was necessary otherwise, the roll of the ship would tilt the ‘fanned' beam and aimtagpetse
displayed at wildly wrong bearings. The beam was wide in the vertical plane so that the ship's
roll would have little effect. Typical detection range was 15 nm for an aircraft at 10,000 feet.
Type 293M, which incorporated an 8 foot antenna, waiednced into service in 1945. 293P

was similar to the previous model but it was modified for easier maintenance.-arastdar
program introduced the 293Q set with a redesigned 12 foot antenna. HAIDA was fitted with the
293M type until the late 1950's.

In Korea, 293 radars were operated in accordance with an Electronic Emission Control (EMC)
policy. This meant that the radar could be turned on for a 3 minute duration for every 15 minute
interval since the 293 was detectable by warning devices. Itsgamad that the Koreans had

such devices so the 293 sets were used for short periods of time only. High Definition Warning
Sets (HDWS) radar was not detectable and required no such precautions.

X

Radar Type 293P (outfit AQR)

5
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Radar Type 2930 (outfit ANS),

293 antenna outfit variantslAIDA usedAQR antenna.
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ThQR antennased to be a shore ehibit when HAID
was still in Tornto (Photo by Jerry Proc)
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Operations Roomboard HAIDA in1946: Forward bulkhead showitige 293M PPIslawe
display.Through a large magnifying glass fitted in the deckhead of the Operations Room
starboardcside bridgepersonnel could read the plot table and the PPI display. The front of t
PPI display is shown with the mirror mounting frames folded back and in the stowed posit
When in use, the frame was extended and a mirror would be inserted into the frame and
postioned so the screen could be viewed from above. The Plot Table is shown with the du
cover in place(RCN photo #17496)

15
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293M Office. Starboard bulkhead: 230 volt, 5b cycle, 3 phase powst;i9dG Motor starter;

Power board for DUG (180 volt, 500 cycle); Board DistributingM (RCN photo # HS1749
52)
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e > v
293M office. After bulkhead: 293 transmitt@utput unit; P51 receiver; modulator; 253P IR
controls over modulator. On the port bulkhead, receiving panel L26; Wavemeter G82A
antirwave clutter unit over 126; aerial controls unit 20H beloyRCN photo # HS17493)
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|
293M Office. After bulkhead: 293 transmitter; modulator; On the port bulkhead, 253P IFF
(extreme left of photograph) 242 IFF responser, performance meter, modulator and mixer
Receiver panel 26, with wavemeter G82A and antave clutter unit; AQR aerial control table
(front cover removed to show control unit-B). (RCN photo # HS17494)
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293M Office. Port bulkhad: PPI Unit; ranging outfit RTE including paneBZ and two strobe
generators; cathode follower unit is below RTIECN photo # HS17495)
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293 Office,1946:Target Indiation Room after bulkhead.

Ranging outfit RTB including panel-87 and two strobe generators. TIU/PPI displaying 293
Outfit JH-1 (panel 1:43); PPI control board and 242 IFF aerial indicator (over TIREN photo
HS 174958)
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