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CRYSTAL MONITOR, TYPE 2

{Stores Red. 10D/11300)

IRTRODUCTION

1. The Crystal Monitor, type 2, is designed for use m seroplanes to facihiate the initial adjust-
ment and subsequent monitoring of C.%W, transmicters and receivers., The wnstrument enables a
rapid and accurate shuft of operational frequeney to be made. It also provides a convenient method
of checking the frequency stalalily of installations and of making the necessarv adjustments for
the correction of any frequency drift which mav occur during ilight.

&

%. The instrument operates on any one of sin “spot” frequencies in the range lrom 7-5 Me/s to
ona Mcefs, Bux guarly crystals of the appropriate frequencics are fitted in the instrument and a
seventh, or exira’ position is provided on the panel of the instrument. Anyv one of these crystal
positions may be selected by means of a rotary switch,

3. The powsr suppiics for the mmstrument are normally denved from the recorver, HUT. and
LY. batteries, tut with certain mstallations, {or which instructions wiil be promulgated, separate
batteries may be used. Provision is made for cicher batlery or antomatic grid bias to the output
gtage, Lhrec trindes are nsed, one as an oscillator and two for audio-frequency amplification,
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4, The dumensions of the monitor are 7 in, % & in » § i, and its weight is appronimately
8 1b. Fig. 1 shows a general view of the instrument. A fransit case is provided bul {he method of
component suspension adopted renders any special form of mounting vnnecessary.
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GENERAL DESCRIPTION

5. The civeunit of the monitor (see fig. Z) consists of a crystal-controlled oscillator fcllowed by
two stages of audio-frequency amplification. The oscillations are maintained by the valve V, at a
frequency determined, by a quartz crystal. A small aerial picks up the radiation from the oscillator
‘to be monitored and also provides the necessary emission when the monitor is nsed to set up receivers.
If the frequency received differs slightly from the frequency of the crystal, heterodyne beats will
be.produced which are rectified and amplified by the succeeding stages of the monitor. The circuit
to be monitored may therefore be brought within approximately 50 ¢fs of the crystal fraquency by
the zero-beat method. At 4-5 Mofs this represents an error of only one part in 90,060.

6. Referring to the theoretical circoit diagram, fig, 2, the oscillator frequency determining
¢lement is any one of the seven crystals as selected by the switch 5,. The crystal is connected betweant
the grid and the anode of the valve V,, its R/F output being divided between the grid-filament and
anode-filament capacitances. The aerial is also coupled to the grid circuit vis the condenser C,,
Thegrid ismaintained at a suitable potential by the lealk resistance R, in association with the condenser
C,. The anode ¢ircuit A/FF impedance consists of the resistance R,. The stage is decoupled from the
succeeding stages by the resistance R, and condenser C,,

7. The A[F voltages across the resistance R, are impressed upon the grid-filament circuit af
the amplilying valve V, vin the grid condenser C;, the required grid bias being maintained by the
leak resistance R,. The anode circuit load impedance is constituted by the inter-valve transformar
T,, the primary winding of which is fed via the decoupling resistance R,, with which is associated
the decoupling condenser C,o. The condenser Cg is a radio-frequency by-pass. The secondary winding
of the inter-valve transformer is loaded by the resistance Ry The AJF voltages across this resistange
arg applied between grid and filament of the valve Vy wia condenser C,, which is a by-pass for tHe
grid-bias battery or antomatic bias resistance {(se¢ paragraph 11).

8. The anode circuit of the valve V, is fed through the A/F choke L, the ontput cireuit propér
consisting of the D.C. blocking condenser C; and the telephone receivers, which are normally plugged
into the socket J,.

9. A reserveir condenser C, is connected between the H,T. positive and L.T. negative terminals.
Fo provide decoupling for the L.T. supply when used in common with that of the receiver installed
in the aeroplane, R/F chokes L, and L, are inserfed in the positive and negative supply leads to the
fitament of the valves V|, V,and V,, The switch S, completes the I.T. circuit to all three valves.

10. Two sources of grid bias are provided, namely battery and automatic. In general, it may
be stated that antomatic bias must be used when the monitor is supplied in parallel with a receiver,
such as the R.1082, which employs automatic bias, and battery bias when this form is used in the
raceiver, such as the R.1116.

11. The manner in which the grid-bias supply system is charged is shown in fig. 2. The wiring is
brought to two assemblies A and B, each of which has three points. A metal dise C may be fitted
over either A or B, so that the three points of the selected assembly become, electrically, a single
point. When battery bias is required, the grid-bias battery is conmected to the points marked
G.B.+, G.B.—, and the metal disc is placed on assembly B. This connects the terminalg L.T.+-,
H.T.--. Whea automatic bias is requived, the grid-bias bhattery is removed and the metal discis
placed on assembly A. The L.T.— and H.T.— terminals are now connected, not directly, but ¢ia
the resistances R, and R, in geries, The values of these resistances are so chosen that when com-
bined with the receiver bias resistance the IR value does not altér the receiver voltages. The
combined resistances thus share, proportionately, the currents of the monitor and the receiver
valves, ‘The grid of the output valve V, is connected, via the transformer secondary winding, to
the midpoint between R, and R, The resistance R, antomatically controls the value of the anade
current, for should the anode current rise the drop through R, will rise in proportion and the negative
bias will be increased.

12. The chokes L, and L, inserted in the filament leads effect the necessary decoupling between
the monitor and the receiver via the battery leads when common batteries are used. The switch S,
malkes and breaks the positive filament supply to the three valves.

{ONSTRUCTIONAL DETAILS
13. Several views of the crystal monitor type 2 are shown in figures 1, 3, 4 and 5, and a bench
wiring diagram fig. 6 illustrates the location of the various components. The annotation of these
figures corresponds wherever possible to the annotation used for the components on fig. 2,

14. The instrument is composed of two main parts, the case and the trvay carrying the com-
ponents. The case is made up of an aluminium frame on a solid base, the remaining sides having
paxolin panels inset. The tray is made of aluminivm aund slides into the case on guides. Tt is secured
in position by two quick-release clamps. The metal frame work is finished with black, semi-gloss

enamel.
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15, The components, with the exception of the fAlament lead chokes and battery plug, are
monnted upon a paxolin panel which is secured fo the base by three anti-vibrational mountings.
The chokes and battery plug are fized to the base.

18, A general view of the instroment is given in fig. 1 winch iluystrates the Iront panel leatures.
The aerial and carth terminals (1} and (2] are on the left. Wext to the gevial ferminal aze the two
sockets {3} to accommudate the seventh (or “extra’) crystal and the koob §, indicates, on the
selector engraving, this position, The pilot lamp indicavng window {4} is situated above the ON-OFF
switeh 5, In the top nght-hand comer there is the telephone sockel §; and below it the frequency
plate (3} fur the recording of orystal frequencies,

17, The method by which the componerts are suspended i the mstrument renders unnecessary
any special form of mounting, Four threaded nsets (6 BB.A.) are provided on each of the top, hottom
and two ends of the case thus aftordmg fovr poasible bases for movnting the nstrument  The lour
maets (6) on the top panel may be seen in the sllustration.

I8, Tig. 3 is a plan view of the metrument with valves removes and no orystals m position,
The three svalve holders {1) and the pairs of sockets (2) for the erystal hoders, tapether with the
3.0, blocking concensur Gy, are provided on the panel (7). The bracher (3) kolds the pilot lamyp
and the itwo sockets (4] are assocded with the seventh or “extia” vrvstal  Teads (8) from
these sookets to the orystal selector sw.eh S can be seen

Prax Vrew o Moxrrow
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A feature ol fig. 3 is the grid-bias arrangement, the coustruction bewng clearly Laought vut,
The disc CY 15 in position m the “A” or “avtomatic’” position  This arvangement 15 explained o
the rvorine warnmg plate (8] situated abose the gud-has battery container. This plate & seonred by
two screns and st be removed fo insert the battery for which it serves as u retaming plate. The
negative terminal stop of the battery passes through a slot m the end of the case to make connexion
with the head of a brass screw cutside, The positive lerminal strip 18 bent over, when insertimg
the patiery v position, to malke contact with the brass serow head fnwmde the forward end of the case,
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20, Ap mmderside view of the monitor tray, fig. 4, shows the Jovatien of various condensérs
andresistunces. On the left-hand side of the opening tat out from the teay thereis the -0 cond enigey
O associated with the 111;)&% to the grnd-iament sirouwit.of the fest L amplifier valve Vo A grid
leak resigtance R of 0-5 megotun for this stage is mounted on @ sniall E}elx(.illﬂ panel opposite f;
¥, is ceptrally p’lau%d aimomgst the bank of five resistances forining the lower porfion of the p*md
Immediately beiow B there ave the 1,000 olims serses resistances By and R, which frin part of the
special prid-bias assembly dealt with in the previcus paragraph. H”gzimv from the top of the apeuing,
the Mpnl condenser U, Is mondled abeovs the 20,000 shms grid leak R, with which it s coupled
o congtitute the grid-filament input circuit to the heterodyne detector walve V.. Tinmeidiately
helowd Ry, which isthe 0,000 chms anode resistance: for ¥V, ¢an be seep the RIT b\ff?’u& condenser
Gy, having @ valae of 100 iu,;ei Flae 30,000 ohms resistances T and the 10000 ghun resistance 8
4{*(‘()1}}3‘@ “the anodes oi the valves Wy and ¥V respertively

FCTRAY
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£

21, Heferring to g 5 which i 4 fear viow of the momsor with the case removed, one of the
anti-vibrationdl mmmfmm, (1} is sbhovwn in-the bottom ri,g'i!twkmnd corner. 11 consista Of an upper
miermber, or plunger, attached to the main paxclin panel and a bottom member u}mish’ng of 4 sinal
platiorm with o giveniay rubber inset Joined to the vabber buffer of the plunger. The filament. lead
RIF chokes Ly and Ly are mounted onf the metal trag-and adjein the ty pe 67 plug (2) by means of
which the monitoris ivined to the batterv sapplics, In thisillastration the iverine warning plate has
been removed moorder o illostrate the construction of the grid-bias battery holder (8), The (2541
100 Blocking comdenser in the pubpat cirewit of the seeond /T ampliier valve Yy, 15 mounted ahove
the (1l EO defnder C,which setves as ;Wwpw:» for the grids = arrangeinent, A LT(}&sb the secdindary
winding of the *rrzzmiwrmm T, is fiwed the 05 mggwhm resistance Yoo I1 the auwripl lead from th«;)
tepminal 8, seen ab the top right-hand corner of the main panel, the %r’m%! aerial cotpling condenser
Oy oof Bugd as ‘»"’7@1;)1“ bervath w numssiend indicator teg. Similar tags and positional references have
been ipstituted in this monitor to facilitate, n eonjunction with a printed legend om the inside of
the ease, the location of components. In this iflustration the construction of the selector switeh By
can beclearly sean,
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VALVES AND BATTERIES

22, Three triodes of the same tvpe, V. 180, are weod in the yoomitar, Theése walves have an
anode vating of 150 volts with 2 volts (0-1 amp.) en the filaments. The normal current consumption
inoanode, 3-8 ma and flament 043 o 005 amps,

28, The power supplies Tor the monitor aréderived, in general, from existing aeroplage sooroes,
that Is tg say the recetver 120 welt BT bdtterv and the 2 volt LT, accumudator. Alternative
sonrees of grid-blag are, however, provided, namely battery biss from an iotegral grid-bias battery
or amtomatic bias from the junetion bétween two resistors connected In the 1T negative and BT
negative lead. Themethod of selection of either of these sources is detailed in para. 14,

PRECATUTIONS AND MAINTENANOE

24, The fragile tatars of the orystal and the precision associated with the internal mounting
mahe it necessary to supulate that on no aceount should orystal mountings be taken down ar repaired
at stations, )

25, The defined opersting eonditions should be observed as ‘to powsr supphes. The sormal
anode current is 335 mA and the flament cureent from 63 mmps. to 08 amps. The HLUT 408 1.7,
gupply leads minist he cotnecied directly between the batteries and the plug and socketan the monitor
and must wot be talen s the retoiver battery leads, I is advisable 1o check, by inserting each
valve separately into s holder, for filament and snbde current. Whén deing this thé Switch 8,
shigiild be turned te the BEXTHA CHYSTAL position but with no erystal inserted. Anv excessive
current; particularky in 'V, sheuld be met by valvereplacement. Approximately 105 mAcanode current
should be regarded as a maxitmum dor this'stage.

46. The frequent use ol the muonitor fuposes an additiondl drain oo the receiver batteries, It
will b appreciated, therelore, that the predantion of testing the HL. Dattery with & view to replase-
ment shonld not be onieted. Normally the battery shonkl be replaced when the woltage, on load,
drops to 105 volts,
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27. Ensure that the grid-bias battery is removed when the shorting plate “C” is in the ""A”
position,

28. In the event of the crystal refusing to oscillate when the monitor switch is ON, check over
for eircuit faflure by testing any of the other crystals, which are in position. When a spare crystal is
available the use of the EXTRA CRYSTAL sockets on the monitor panel facilitates testing. If no
oscillation s obtained in this position check for valve failure or bad pin contact in the usual maaner.

OFERATION

29, Before attempting io use the monitor, care must be taken to ensure that the valves and
necessary corystals are in position. The position of the crystal selector switch S, should be noted
and the necessary legend recorded on the “Trequency Plate”. The monitor is not screened and it is
fixed at the most convenient distance from the transmitter and receiver with which it is used.

30. The aerial for the monifor consists of a sujtable length of flexible cable. The exact length
ig not critical and may in some instances be as much as ten feet. The position of the aerial in relation
to the transmitfer, to provide the required coupling, is a matter which depends upon the layout of
the instruments, So far as the receiver is concerned sufficient coupling is supplied through the
commen portion of the leads from the batferies. "

31. The H.T, and L.T. supplies for the monitor should be connected directly to the terminals
of the battery supplying the receiver and not to the plug end of the battery leads. In!certain
installations a commeon terminal block can be used providing it is situated not more than 12 inches
from the batiteries. A schematic diagram of a suggested layout is given in hg. 7.

!-_Reczive E—‘

Plug. Type 39

Socket
Type 39

!—M_m;':l'or E
L]

Fic., 7—BATTERY CONNECTIONS 0F Crystar MoNiToR Typy Z2—ScEeEuaric DIAGRAM

32. The dise “C” inside the monitor must be serewed into the appropriate socket “A" or “B”
depending upon the source of grid bias to be used. If a separate grid-bias battery is used it must
be placed in its bakelite holder. Before this can be dene the ivorine WARNING plat¢ which acts
as a securing piece for the battery mwst be removed. The negative terminal sirip of the battery
passes through a slot in the forward end of the holder to make connexion with the head of a brass
screw outside. The positive terminal strip is bent over, when inserting the battery, to make contact
with the brass screw inside the helder. Ensure that the terminal strips are making good contact
and replace the ivorine fablet.

33. It should be noted that in position A’ of the grid-bias arrangement, when the mounitor
is employed with receiver R.1082, it is important to ensure that the grid-bias battery is removed.
In position "“B', when separate battery supplies are used as a supply to this monitor, the grid-bias
battery must be fitted as detailed in the preceding paragraph.

34, ¥Full use should be made, in the initial setfings, of the calibration charts or tables provided
with the transmitters and receivers.

35. Connect the battery socket to the plug at the rear of the monitor. Then, by reference to
the “Frequency Plate™ (5, fig. 1), select the appropriate cxystal by means of the switch control S,.
These preliminary operations are implied in the succeeding paragraphs. In order fo determine if
the monitor I8 gscillating, plug the telephones into the socket J, switch om S, and tap the aerial
terminal (1), when a clicking noise should be heard in the telephones,
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To set up yeceiver R.2082
36, Plug the telephones into the receiver and put the receiver battery switch and the moenitor

switch S, to the ON positions. Set the reaction control of the rec¢eiver to the point at which oscillation
commences and place the volume control to about fifty per cent. of full volume.

37, Tune the receiver, by means of fhe anode condenser, until a beat note can be heard in the
telephone. Next, increase the receiver volume control, at the same time adjusting the aerial con-
denser with maximum output, Probably some slight readjustment of the anode condenser may be
uecessary during the operation, Adjust the pitch of the zero beat note as required by means of the
anode funing eondenser. Switch off the monitor,

To set up receiver R.31116
38. DPilug the telephones into the receiver. Set the battery switch and the monitor switch fo ON

placing the teceiver heterodyne switch in the C.W. position and the receiver volume control to
MINIMUM. Increase this control until the receiver background is audible in the telephones,

39. Tune in the signal on the FLF. oscillator dial, setting it to give a highly-pitched beat note
on the louder side of the “dead space”. Adjust the aerial {uning condenser to give the loudest signal.
If a point is found at which, coincident or neasly so with maximum volume, there is a’maried change
in the pitch of the beat note, it should be passed over. Another point will be found at which mazimum
volume is obtained with little, if any, change in the beat note, This represents correct setting of
the asrial tuning. The change of beat note occurs only if the aerial dircuit is tuned to the same
frequency as the oscillator, which is not the comrect working condition. Ensure that the oscillator
is tuned to that side of the “dead space”™ which gives the londer signal,

40. When tuning the receiver R.1116, spurious tuning adjustments may be found af which the
monitor signals are detected but with poor sirength. Care mmst be taken to reject these in favour
of the correct settings which swill be recognized by the comparative loudness of the signals and by the
readings on the calibrated oscillator dial.

To set up fransmitter T,1083
41. Plug the telephones into the monifor. Set the grid-bias switch and the neutralizing unit of

the transmitter to the TUNE position and switch on the transmitter,

42, Switch on the monitor and whilst listening for the monitor ontput set the conpling to the
desired point and adjust the master-oscillator tuning control of the transmitter until the beat note
is heard, taking care to keep the grid tuning so as to give maxitnum current in the master-oscillator
stage. Readjuost slightly until the oscillator setting is estimated fo be. in ‘the middle of the “‘dead
space”. Any subseguent movement of the coupling or grid tuning will alter the frequency and vender
a, readjustment of the master-oscillator tuning necessary. Should it be necessary to provide a
greater degree of coupling between the monitor and the transmitter to overcome aeroplane noise
background, this may be done by insertiug the end of the mobifor aerial in the master-oscillator
valve chamber. This should be removed when the final transmitter adjustment is being wade.

43. Tune the amplifier circuit of the transmwitter to the master-oscillator frequency by observa-
tion of the thermo-ammeter, and neufralize in the normal manner. Set the bias switch and neutral-
izing nnit of the transmitter to TRANWSMIT. Press the key and readjust both the master-oseillator
and the amplifier ¢circuits to the “dead space”. Switch off the monitor.

44, The transmitter; type T.1083, may be subject to slight frequency drift with temperature
variation. When handling trafiic, the monitor should be used, whenever opportunity cccurs, in order
to detest this drift, slight adjustment being made to the oscillator circuit as the transmitter warms ap.

To set up fransmitter T.1115
45, Plug the telephone info the monitor, Switch on the transmitter and the monitor, Tune

the master-oscillator and the intermediate circuits of the transmitter fo the “dead space™ of the
beat note in the telephones.

46. Complete the setting-up of the transmitter in the mormal maenner. Finally, when the
transmitter is prepared for iransmission, trim the master-oscillator intermediate and power amplifier
tuning to the “‘dead space™. Switch off the monitor,

47. 1f the associated receiver is alveady adjusted to the same frequency and is switched on
during the tuning of the transmitter, it will also give rise {o a heterodyne beat note in the telephones.
This note will be considerably weaker than that caused by the transmitter anwd should not give rise
to any difficulty in tuning.

48, Operational instructions for this crystal monitor, when used in conjunction with transtnitter,
T.1154 and the receiver, R.1155, will be promulgated in due course.

49, In order to ensure that the crystal monitor, type 2, oscillates at frequencies of 6 Mefs
and over, certain madifications of the circuit, as shown in fig. 2, have been found desirable, The
Tecessary instructions and sequence of operation to effect this change have been issned.

50. The medifications entail the removal of the R.F. by-pass condenser C; type 403, and the
interchange of the 10,000 ohm resistance R, type 104, with the 50,000 ohm resistance R,, type-231.
These components may be identifed by reference to the amended annotation of fig, 4.
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NOMENCLATURE OF PARTS

The following list of parts is issued for information only., When ordering spares for the tranas-

Ref. No. Nomenclature Oty. Ref. in Fig. 2 Remarls
10D/11390 Monitor, crystal, type 2
Erincipal ¢omponents -—
10A/11501 Box, battery 1
10411270 Cap, sighal lamp 1
104711392 Case 1.
1007384 Choke, L.F., type B 1 L,
10C/11393 Choke, H.F., type 44 2 L. L
10C/849 Cmdmer'l 4 |CuCpC 001 F
6 Type 188 . G .Gy, Cyp .
10C{9717 Troe 820 1 e moe 5 hu F
10C/10394 Type 404 1 Cq 10 yp F
10C[{11292 Type 436 1 C, 91 o F
10C/11394 Type 524 1 |G 02 F
10€(11486 Type 537 11, 100 wp F
10H/11706 Holder, valve, type Z 3
Knob,
10A/11838 Type 10 1
10A/11839 "Type 11 1
10A111272 Lampholder, M.E.S. 1
Mounting,
10A7/11778 Type 24 2
10A11779 Type 25 1
108 /8515 Flug, type 67 2
Resistance,
10Cj7954 Type 101 2 R, R, 1,000 oluus,
10C{7957 Type 104 1 | Ry 10,000 ohms,
10C}9134 Type 231 2 | Ry Ry 50,000 .ohms.
10H 8241 Socket, type 33 I
Switch,
10F°/11397 Type 163 1 5,
10E8 Type 175 i S,
1017227 Terminal, 4 B.A., type C 2%
1047386 Transformer, L.F. type D 1 T,
Accessories
5A/1548 Battery, dvy 3-volt 1
10A/11730 Case, transit I
10X {as regeired Crystal-unit, type A 7
5A {361 Lamp, filament 3-5-volt 1
10F{10945 Valves, V.T.50 3 Vi Vi ¥,




