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RUBBER CRYSTALS

The expression “rubber crystal" which is now coming into common
use is apt to be misleading for it certainly has nothing to do with
rubber, nor is it a crystal. However, despite the scorn heaped upon
it by the purists, the expression is probably here to stay for it is
a short suggestive name for a master-oscillator frequency control it
which will provide up to several hundred equally spaced frequencies
each with the stability normally associated with a. quartz crystal.

Let any purist among the readers who may object to thc term "rubber
crystal® cxercisc his ingenuity and devise a namc for this unit vhich
is descriptive of its chicf fecaturcs and yct within thc compass and -
endurance of an English tonguce AeS.E. will welcomc their suggestionse

At present it would be iwjudicious to attempt to give a full
technical description of the rubber crystal units which will be used
in shipborne sets, for their circuits arc not yct fixeds  However,
the following account of how a. rubber crystal might work may bc
helpful in arriving at an understanding of the basic principle
involved, if it is elearly realized that it is very far from being
a. description of the working of an actual rubber crystale To begin
with, if we want channels spaced 90 Kc/s apart we start with a crystal
cut to oscillate very accurately at 90 Kq/s and by some means obtain
from it a very wide spectrum of harmonics, several hundrcd of them
in fact, of nearly equal amplitudese Thecse arc fcd into a mixer
valve into which is also fed the output of a variable frequency
oscillator, which may be tuned by a variable condenser driven by a
small motore Suppose that when the set is switched on the motor
first automatically turns the condenser to its meximum sctting which
corresponds accurately to the lowest desircd fregquency and then
reversces. its dircetione Each timc the frequency of the VoF.0., coin=
cidecs very ncarly with a crystal harmonic a pulsc may bc produced in
the anode circuit of the mixer which can be used to step up a selector
switch of the type used in automatic telephone exchangcse In effect
then, if chamel mumber 301 is wanted, the selector switch steps
up 300 times and then stops the motore  Simultaneously the direction
of motor rotation comes under the control a sharply tuned discrimin-—
ator circuit so that if the frequency drifts from its exact desired
value, the motor turns in the proper direction and corrects ite This
explanation is very much over-—simplified. Actuzlly in one 3711
channel model, all channels arc selected by means of onc 24 contact
selcctor switche In practice it is probable that a totel of thrce
built in crystals will be used in sets with Rubber Crystalse

Probably the first rubber crystal to come into service use will
be built into the TR1501, an airborne transmitter-rccciver vhich will
be in production for the Fleet Air Arm later in 1945, and will be
capablc of providing communication on any one of 311 channels, spaced
180 Kc/s apart, between 100 and 156 lic/se  The controlling fregquencies
for thc 311 channcls arc provided at the cxpcnse of threc built in
guartz crystals - and some circuit complicationse

The advantages of the rubber crystal are obvious cnough; it
provides greatcr freedom of choice of operating frcquencics in the
VH/F band than does the present equipment which requires a separate
crystal for each frequency, and it largely eliminates the problems of
orystal supply and storagee.

Rubber crystals will also be used in the replacement sets for
Types 86M and 87M at present under development in A,S.E. and in the
- now ground station equipment for the R.A.F. now being developed at
R+A.E. In all these new eguipments the rubber crystal is to provide
622 channels spaced 90 Ko/s apart, in the band botween 100 and 156 Mc/se



WHIP_AERIALS

The object of Whip Aerials is twofolde For emergency
transmission or reception when the normal aerials or masts have
carried away, and for normsl transmission or reception when i%
ie difficult to rig efficient wire aerialse

It is hoped to start the introduction of Whip Acrials into
the Service carly in 19%5. This type of Aerial has already made
its appearance in the U.S. Navy and the principle of the Whip
Agrial. was familiar ag the "Fishing Rod" aerial in carse

The main advantage of the Whip Aerial is that it requires
no top support and therefore can be sited in a position clcarcr
of clectrical interference than wire acrials bunched together round
the masts  Disadvantages arc its weight and its incvitablc short-
ness -~ unless it is to become an additional maste  The ideal
acrial would be a wirc acrial of variablc length which permanently
did the "Indian Rope Trick",

The types of Whip Aerial under design in A,S.E, fall
broadly into two categoricss;=~ Permanent and Non-pecrmeonente

The permancnt types arc sub-divided intos—

(1) Fermencnt receiving whipse

(ii) Permonent transceiving whips (for low power — up to 50 watts =
tronsmitters).

(iii) Permanent tronsmitting whips (for medium power = up to 400

watts — transmittorse  Probably ccrtain Carricrs only).

Thce non-pcrmanent typces are sub-—diwidod intos=
(iv) Non-permament transceiving whipse
(v) Non-permznent transmitting whipse
(These have boen given acrial outfit names AWA to AWE
respoctivelyﬁ.

AERTAL ROLS.

A length of 30 fect has been sclccted for pormsncnt whipsy
As these rods have to stand up to wind (dcsigned for o maximum
wind forec of 130 mepehs), icing, gun-blast, and whip of the ship,
it has nocessitated a rod of approximatcly 1 cwts and a basc support
of thc samc weighte

Non-permanent whips are not required to stand up to the same
conditions and will be slightly longer and considerably lightere It
should bc possible for one mon to rig them, when requireds

MATCHING UNITS.

As the aerials in (i) and (ii) above may be remote (more than
50 feet) from their associated aerial exchangc or sect, it is
neccssary to have a matching unit at thc base of the acrial to match
the feeder into the acrial for the frequency in usc, and a trunk is
not useds  Remote Switching Control of the wnit will be provided in
the office. Matching units for permanent receiving acrials arc being
designed to give efficient rcccption (compared to a wirc acrial of
similar length) over the band 2 - 25 me/s, with reasonable reception
outside this bande Matching units for permanent transeciving whips
will cover the H/F frequency range of the associated set — duc to the
limitation of length of the rod it is not possiblc to use the vhip
aerial efficicntly for M/F transmissionse The matching units will
have one "straight through" end 14 other positions to cover the
frequency bande



L AT (e

PRELIMINARY SHTP=FITTING PCLICY.

Capital ships and Cruiserss A minimum of two permanent transceiving
whips capable of connection to the emergency transmitter/ receivers in
the BRR and UTR, and as many permanent receiving vhips as can be siteds
In the case of ships whosge transmitter rooms and trunks are so arranged
that damage to the mainmast would leave them the emergency transmitter
in the BRR only, two selected 8" trunks as far from the foot of the
mainmast as possible will be fitted to take non-permanent transmitting
whipse

Fleet and Light Fleet Carriers. One permanent transceiving whip and as
many permanent receiving whips as can be sited.

Escort Carrierse. 8Still under consideration. It is hoped to fit up te
three permenent transmitting whips to improve the existing aerial rig
arrangemcnte

Leaders, Destroyers, Frigates, Etcs One permanent transceiving whip if
a. sultablc position can be found for it and one non-permanent trans—
ceiving whip for use with the emergency transceiver afte.

Coastal Force Crafte Still under consideratione

GREMLIN |

: It is thought that this little fellow must have escaped from
R.A.F, custody and obtained ingress to the R.N. through the medium of"
the F.A.A., At any rate this is to be inferred from thc fact that we
made our first acquaintance with him in an aircraft carrier, and up to
the present he has confined his attention to communication with aircraft.

Gremlin I (I for Interference), as we may call him, has now been
with us for some time, long enough, in fact, to have cbtained official
recognition in two C.A.FeOs's. Not that Their Lordships would, of
course, have risked complications with Adastral House by referring to
him by name, The official language of the later order * merely states,
"In any group of frequencies selected for use in any onc ship, no
frequency must be chosen which lics exactly midwey betwecn any othcer +Hwoe"

The ordexr goes on to give as an example three frequencies 120,
125, and 130 Mc/s which must not be used simultaneously because 125 is
midway between 120 and 130. The reason (though not stated in the order)
is that transmitters working on the middle and one of the outer fre-—
quencies would cause intense interference to a receiver tuned to the
third frcquency. Now why is this? A little juggling with the figurcs
cortainly shows that 2 x 125 = 250 and 250 = 130 = 120 ag also 250 « 120
= 130, but this in itself is no cxplanatione

Even if the 125 lic/s transmitter were to radiate a strong second
harmonic at 250 Mic/s (and tests show that at any rate this is not the
case with Type 87 and 87M) the sclectivity of the recciver with its
resonator is ample to prevent the entry of the two unwanted frequencies,
Moreover, all the text books and our own experience tcll us that to
obtain the difference frequency from two frequencies cxisting in a
circuit we must have a rectificr somecwhere. Heterodyne reception of
CW, for example, would be impossible without o dctectore What, then,
provides the detector which must exist between the transmitter and
receiver? The answer is Gremlin T,

£ CoAJF.0s 8299/4hs "Navel VH/F Organisation for
Operating Aircrafte
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In recent years certain interference to broadcasting has been
traced to rectification by poor earth connections at the receiver.
8till later, metal structures such as windmills, water towers and
lightning conductors have been identified as introducing interference
from unwanted frequencies into nearby receiverse. Finally it has
becon dcmonstrated in A.S.E. that the VH/F "mid-froguency" interforence
effcct can be causcd by corroded joints in mectal work of any kind
within about 50 fcct of the acrialse Gremlin I then is a membor of
the largc family whosc objcct in 1lifc is to causc troublc through
bad clectrical contactse Onc of his closc rclations has for a long
timc beon known to causc interfcrcnce by rubbing contacts betwecn
stays and rigging in shipse

The immediate problem of avoiding "mid-frequency" interference
in VH/F communication to aircraft hag been met by the frequency organ-
isation detailed in the C.A.F.0s There remains the morc difficult
problem of preventing its occurrence altogethcer and providing against
the far greater possibilitics of interfcrencce of which this Gremlin T
is capablc. For, if the differcncc frequency between one VH/F and
the non-radiated harmonic of another can be generated at joints in
the ships structure and rigging at sufficient strength to causc severe
interfercncc, so can cvery harmonic and sum and diffcrcnce and
modulation frcquency of all the W/T and Radar transmitterse. Evidence
is not lacking that this docs in fact happcne For example a recent
report from lMediterranean destroyers has shown that intcrfercnce
between Type 291 and a sccond harmonic of Type 86 rccciver oscillator
is grcatly accentuated by bad conncctions at the Typc 86 acriale

Interference from these Gremlin detectors is very clusivc,
offcnding signals that are R5 onc day may bc inaudiblc the ncxt and
variations havc becn traced to the increasc and dccrcasc of pressurc
in a corrodcd Joint causcd by the wind swaying a mast on which the
Joint was situatcde

Experiments are to be carried out in H.M, Ships with the ideca
of locating some of these Greomlin detectorse It scems likcly that
a very largc number may oxist in which casc thce only thing to do is to
accept the situation and cndeavour to allocate frcqueoncics to producc
ag little interfcrcncce as possiblee On the other hand, it is just
prossible: that thorc arc only a fow Gremlin Ifs at work, in which case
they could be circumvented at least temporarily by bondinge

One of the difficulties in tackling the problem in ships will
be, as with stay noise interference, that the seat of the bad contact
may reside in equipment entirely outside thc control of W/T or Radar
personnele It is obviously of the first importence that all W/T and
Radar acrial cquipment should itsclf be beyond reproach becausc scrious
as may be the cffect of Gremlin dcetecctors in the ficld around the
acrials, their intrusion into the acrial circuits themsclves will rosult
in far more intensc intcerfcrencce

We must be careful not assume that all interfercnce apparently
caused by rectification is indeed due to Gremlin detcctors, thce first
valve of a receiver for cxamplc is not above suspicion unlcss adequate
pre-~sclcctivity such as is given by the tuner resonators of Type 87/M
has been providcds
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Bid me to flash, and I will live
Thy Signalman to be;

Or bid me Spark, and I will give
My wireless skill to thee,

The Signal Branch the land throughout
By "S" was ever knovm:

But now to Scratch this letter out
The signsl has been flown.

Bid me to chenge my honoured name,
To honor thy decree

The letter "S", of sncient fame,
Shall now give way to "C"

"c" for "Communication" try,
(Not "Commisseriat",

The details will be issued by
The Secretariat),

Thou art the life, the head, the heart
0Of all the King's Navee:

And may ccammand each Branch and Part
To change its name for thes,
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