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ABSTRACT
Rebecca-Eureka is a short-range homing system for
aireraft, which was first developed in England. This ™
paper gives a brief history of Rebecca-Eureka and a fair-
ly detailed description of the Australian Rebecca Mk, IIB

and Fureka Mk. II equipment.
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AUSTRALIAN DEVELOPHMENTS OF RERECCA-EUREKA
EQUIPMENT

By
E.B.Mulholland

1 INTRODUCTION

During the last war the different models of Rebecca-
Eureka equipment produced by Britain and America played a
vital part in many operations. Its function was to en-
eble aircraft fitted with Rebecca to home on to a Eureks
ground beacon with continuous indication of range and
heading relative to the beacon. Its msin operational
Tfeatures were the security of operation and portability of
the ground beacon (Eureka), Two men, or in the case of
some models, one man, could comfortably carry the complets
Eureka equipment, and it could be assembled and put in
operation by one man in less than a minute afterpr unpack-
ing;_ The equipment was used in operations such as land~-
ing paratroops or dropping supplies, particularly at night
or in uncertain locations, close-support bombing, guiding
aircraft to beach-heads, and other formns of air-to~-ground
co-operation.

fﬁEureka was widely used by underground forces in Europe,
enabling supplies, arms, etc., to be dropped to them. In



the invasion of Sicily and on D-Day extensive use was
made of it. A common procedure was to land an advance
party of paratroops equipped with one or more Eurekas,
then about twenty minutes later the main force would
arrive, guided by Rebeccas to the Eurekss.

In March 194k, it was decided, owing to the diff-
iculty of obtaining British or Americsn equipment, snd the
potential value of Rebecca-Eureka in the Pacific area, to
produce Rebecca-Eureka equipment in Australia. The first
production models were not complete until September 1945,
about a month after the war ended, At least one of the
Australian prototype Eurekas, however, was used operation-

ally for supply dropping.

A feature of the Australian model, in particular
Eureka, was its tropicalization: Eureka was required to
withstand extreme tropical conditions of temperature and
humidity for extended periods. It was also required to
operate reliably after being dropped by parachute, or
sfter being immersed in water, in case the Parachute
landed in a river. The prototvpes adequately fulfilled
all these requirements,

2 HISTORICAL DESCRIPTION

In order to place Rebecca-Bureka in perspective with
other radar equipment a brief account of its development
will be given, notwithstanding the fact that similar and
more detailed accounts have already been published.

There are two main classes of radar,. primary and sec-
ondary. Primary rader is normal radar in which a trans—
mitter periodicslly radiates radio-frequency pulses from
its merial. Any objects in the path of the electro-
magnetic radistion will reflect some of the incident
_energy, portion of which will be picked up by the receiver
as a series of radio-frequency pulses delayed by a certain
‘time with respect to the transmitted pulses. This time
delay represents the time taken for the electromagnetic
wave (trevelling at the velocity of light) to travel from
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the radar transmitter to the target and back to the radar
receiver (12°2 micro-seconds per nauticalmile between radar
and target), plus any delays which occur in the receiver
and display system. Thus with suitable timing circuits,
the range of the target is known (relative to the velocity

of 1light).

Secondary radar does not depend on reflections from
the target; instead it uses pulses transmitted from a
responder, or pulse repeater, situated on the target.
Thesge pulseg are generally transmitted a short fixed time
(order of one or two microseconds, representing unavoid-
able delays in the responder) after the reception of each
of the pulses transmitted from the radar set, which in
such a system is known as the interrogator.

~ The pulse transmitted by the responder need not
necessarily be of the same radio frequency as the pulse
transmitted by the interrogator (in Eebecca-Eureka the
frequencies are different), but where the interrogator
is a primary radar set with no auxiliary receiver and it is
desired to have normal echoes displayed as well as the
responder pulss, the responder must transmit on the same

frequency.

i}'If the responder pulse is coded, e.g. by switching
off and on in a certain sequence (e.g. Morse code), or
widening and shortening the pulses similarly, or any other
deﬁiée which produces an ensily cbserved effect on the
fﬁdgr display, then it provides a means of identification,
The first responders were fitted to aircraft for this
ﬁﬁfpoae, in order to differentiate between friendly and
enemy aircraft., Obviously no co-operation could be ex-
paﬁted_from the enemy, so responders werc fitted in Allied
aircraft which were likely to be flying in. an area where,
or at a time when, identification was desirable. This

equipment, used in this way, was known as IFF (Identific-

ation, Friend or Foe).
. The interrogator-responder system was next used with
the responders situated at known points on the ground,
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‘then known as responder-beacons. Aircraft fitted with
- radar (Aireraft to Supface Vessel, ASV, and Aircraft
Interception, AI, at that time) were then able to obtain
‘range and bearing from the responder-beacon and so obtain
~their position with respect to it. Generally the bescons
were placed at aerodromes and coded so that the pilot of
~an aircraft could identify the beacon at the aerodrome to
 whiah he wished to go, and home on to it,

I

The great value of the navigational facilities pro-
;vided by this interrogator-responder system was appreciated
~and led to the development in England in 1941 of equipment
~independent of primary radar, known as Rebecca-Eurska Mk, I.
‘This hed the additional feature of separate frequency work
ing with several channels. Rebecca was the interrogator

and was carried in the aireraft and Eurekas, the responder
:haacon, was sltuated on the ground.,

f?ﬁ' In January 1943 investigations were begun in Australis
on the use of Rebecca-Eureka in operations in New Guines,
where the homing facilities would be of service in Jungle
Twarfare for supply dropping, demarcstion.of bombing lines,
ete, Experiments were made with experimental models of
Hsbecca and Eureka simed at finding out what sort of homing
‘accuracy was feasible, e.g. for supply dropping. The
‘method of observation of minimum range was used and an
taverage accuracy of 4 50 yards was obtained at sbout 500
rft.,&ltltude.

w2 In March 1944 it was decided to produce in Australia
;Rebecca and Eureka equipment compsrable in performance
*with the British Rebecca Mk, IIB and Eureks ¥k. II and with
'aﬁditional frequency facilities to enable ASV to interrogate
Eureka, and Rebecca to interrogate ASV bescons. At that
time ‘most Australian aircraft, except fighters, were Pitted
With ASV. It was decided that signalling, probably by
‘ﬂlldlﬁ lamp, from the site of Bureka would be sufficient
for location of the exact site provided the Rebececa-Eureks
equipment enabled the aircraft to follow accurately a

ca fse 95351ng over Eureka.




The Australian models were to be named after their
British counterparts,; viz. Rebecca Mk. IIB and Eureka
Mk. II even though the frequency ranges were to be differ-
ent. Previous Australian models were experimental forms
of Rebecca and Eureka, which were used in flights on hom-
ing accuracy, and a Eureka Mk, I.. As part of the programme
for Rebecca lk. IIB (Aust.) and Eureka Mk. II (Aust.) a
Fureka Mk. I (Aust.) wes developed and four models were
made. This Eureka operated on 176 Mc/s.only and was used
in Royal Australian Air Force trials to test the per-
formance. of ASV against Zureka, especially in difficult
terrain., It was found that the equipment operated satis-
factorily in open country, but in mountainous regions the
ground echoes at close range obscured the Eureka pulse on
the ASV display. A remedy for this was to change the
receiver frequency of ASV and the transmitting frequency of
Eureka by a few megacycles. Another remedy was to increase
the power of Eureka, but this would have been difficult.
Thies result 4id not, however, change the programme, as the
frequency adjustment could easily be made in all the
equipment concerned without modification, if it were final-
ly decided to be necessary, after trials on the production

models.

Rebecca Mk. IIR (4ust.) was developed and msnufactured
by the Gramophone Co. in conjunction with the C.S.I.R.
Radiophysics Laboratory. The Australian Rebecca was
required to have two additional transmitter spot frequen-
cies and three additional receiver frequencies in the
Rebecca band. This meant that the Australian Rebecca
would have six spot freguencies for both transmitting and
receiving, one being 176 M¢/s and the other five being the
Rebecca frequencies 214, 219, 224, 229, 234 Mc/s. The
English Rebecca Mk. IIB had only three frequencies in the
Rebecca band for transmitting end two for receiving.

Bureka Mk. II (Aust.) wae developed in the Radiophysics
Laboratory and six prototypes were made in the Laboratory
workshops. The Australisn EBureka Mk. II was required to
have six spot frequencies for transmission and reception;
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the English Eureka Mk. II having only five in each case.
The additional frequency was 176 Mc/s. A feature of the
equipment was the tropicelization, based on the sesling of
the equipment and the tropicalization of the components in
accordance with the latest information.

3 GENERAL DESCRIPTION

Rebecca and Eureka together constitute a short-range
homing system for aircraft. The performance and the
information provided enable an aircraft fitted with Rebecca
to home from up to sixty miles, with the aircraft at a
reasonable height (5000 feet) to any previously selected
point on the ground, viz. the site of Eureka. Continuous
indication is provided of the distance and heading of the
aireraft relative to Eureka, In addition, the system had,
.at the bime of development, a considerable degree of

‘gsecurity.

Rebecca transmits radio-frequency pulses at approxim-
ately regular intervals., These are detected by the Eureka
receiver, which produces corresponding video-frequency
pulses, the leading edges of which are used to trigger the
Eurekas transmitter, which thus transmits radio-frequency
pulses at a short, constant interval efter the reception
of the Rebecca pulses. These Eureka pulses are received
by the Rebecce receiver. The Bureka transmitter is not
ﬁbfmaily operated on the same radio-frequency as the Reb-
ecca transmitter, but the Eureka receiver and Rebecca
transmitter must be tuned to the same frequency, and sim-
ilﬁily the Rebeccea receiver must be tuned to the frequency
of the Eureke transmitter.

" The time which elapses between the start of the trans-
missicn of the Rebecca pulse and the reception, at Rebecca,
of the leading edge of the Bureka pulse, is measured by
the timing circuits associated with Rebecea. This time
interval is proportional to the distance between Rebecca
and'Eureka, with a small zero time interval corresponding
to: the sum of the delays in the circuits and aerial feeders.
By “suitable calibration of the timing circuits, observation























































































