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CRYSTAL DRIVE EQUIPMENT FOR MEDIUM
WAVE TRANSMITTERS
Introduction
Until recently the BBC transmitters operating in synchronised groups were equipped
with tuning fork fuive apparatus but this did not prove entirely satisfactory. Experiments
were then made using independent crystal oscillators for driviug the transmittels of a synchronised group and very promising results were obtaiued. The design of the new BBC
crystal drive equipment was therefore based on the apparatus used in these experiruents.
One of the transmitters of a synchronised group is designated the master station and
the remaining trarrsmitters of the group are termed slaoe stations. The master statiorr
carrier frequency is not adjusted but the slave stations adjust their carrier frequencies when
necessa,ry in order to synchronise them with that of the master station. At the master
station frequency-dividing apparatus is installed by means of which a tone is 1:roduced whose
frequency bears a fixed relationship to the carrier frequorrcy.. This tone, t,ermed lhe reference
tone, is distributed by line from the master station to the slave stations. 'Ihe frequencydivision ratio is chosen so that the frequency of th.e reference tone iies bet,rveen 500 c/s ancl
1,000 cis in order that satisfactory transmission'may be obtained over BBC control circuits
if a disengaged music circuit should not be available for the purpose. At the slave stations,
frequency-multiplying apparatus is installed having a ratio which is the inverse of the
frequency-division ratio and the frequency of the reference tone incoming by liue is thereby
raised to the frequency of the carrier wave used at the master

station.

This is then compared

by the beat method with the frequency generated by the crystal oscillator clriving the synchronised slave transmitter aud the latter is adjusted as necessary in order to reduce the
difierence between the two frequencies to a very small amount.
In order to keep to a minimum the number of frequency checks necessary during a
transmission period, apparatus has now been produced which possesses an overall frequency
stability of an order previously associated only with laboratory frequency starrdards. Consequently it is necessary for the reference tone to be transmitted only for l,hree or four short
periods at intervals during transmission hours each day.
The frequencies of master stations are maintained as a matter of routine, in t,he case of
medium wave transmitters within a tolerance of. !2 c/s of their nominal carrier frequency
as measured by Tatsfield. In practice, however, their stability over twenty-four hours is
often found to be better than I part in 107 so that long periods may pa,ss without adjustrnent
becoming necessa,ry. The frequencies of medium wave slave transmitters are nob allowed
to deviate from that of the master transmitter by more than {0.2 c/s (1 cycle in 5 seconds)
and when adjustment is found necessary can generally be synchronised more accurately than
+0.01 c/s (1 cycle in 100 seconds).
As a matter of interest, the most accurate clocks at the Roy.ll Observatory, Greenwicir,
are reckoned to have a stability over short periods of about orre part in 107 corresponding
to a rate of error of one second in about one hundred and twenty days. A clock having a
sholt-period stability of the same order as the crystal oscillators used by the BBC, that is
to say, of about 3 parts in I0s, would have an accuracy corresponding to a rate of error
of only one second in a year.
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Only the Crystal Drive Equipment and the Crystal Beat Indicator provided for ma,king
the frequency comparisons at independently operated synchronised transmitters are described
in this instruction. The detailed description of the Frequency Checking Equipment, including

the frequency dividers at the master station and the frequency multipliers at the slave
stations, will be given in Item 16.3.
It is intended that crystal drive equipment similar to that described in the present
instruction will eventually replace the L.C. and other types of drive equipment now in use
at transmitters operating on an exclusive wavelength in the medium wave band.

General Description of Crystal Drive Equipment
The complete crystal drive equipment for controlling a transmitter operating on one
f.xed carrier frequency comprises the following panel mounted units :Oven Heater Control panel
Oveil Temperature Relay panel
Crystal Frequency Control panel
Crystal Maintaining Amplifi er

Crystal Output Amplifier
The crystal oven itseU is mounted on the back of the Oven Eleater Control panel and
contains one service and one spare crystal for operation at the desired frequency.
The amplifiers are constructed in the form of demountable panels which can be readily
removed from the rack and replaced by a spare should a fault develop. The economy in
mounting space thus achieved has made it possible for two complete crystal drive equipments,
together with one Crystal Beat Indicator panel and the apparatus associated with the various
porrer supply and alarm circuits, to be mounted on a single apparatus rack 8' 9" high. A
rack so equipped may be used either to provid.e independent drives for two transmittors at
one station or alteruative drives for a single transmitter, e.g., in the case of wave change
operations.
The code number of each panel is stencilled on the back of the bay member for purposes
of identification from the rear, and also on the rear corrers of the panels as a precaution against
these being inter-changed.
The oven heater circuit is supplied from the 2201230Y D.C. mains, or the 230Y A.C.
mains where there is no D.C. battery at the station, and the normal current is approximately
350mA. The L.T. and II.T. supplies are normally obtained from batteries. The normal
L.T. consumption is approximately 4A at,24Y for one driye, or 8A for two drives, L.T. lbeing
earthed. The normal II.T. consumption is approximately 100mA at l50Y for one drive, or
200mA for two drives, H.T. - being earthed. If for any reason the output amplifier excitation
should fail, the H.T. consumption will increase by about t00mA in each case. It will be
seen that, since H.T.
- and L.T. + are commoned, H.T. * is in f.act l74Y positive with respoct
to L.T. -. The alarm lamps and the alarm gong are generally operated from the control
rcom 24Y Relay battery, the negative pole of which is earthed. At Brookmans Park special
arrangements are made since the voltage of the Control Room Relay battery is only 6 instead

of

24.
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The L.T. and II.T. supplies are connected direct to their respective circuit breakers.
The oven heater supply is connected to a junction box on a Termination Panel which also
carries a terminal block, via which the *24Y Relay battery connection and all other external
circuit connections are made.
A general block schematic of the equipment is given in n'igure 7.t

The Crystals
The crystals operate at carrier frequency, and both the service and spare crystals consist of

low temperature-frequency coefiicient AT-cut quartz plates. Although the actual quartz
plates are very similar their methods of mounting are entirely difierent.
The service crystal (No. I), as supplied by the Radio Section of the Post Office, is clamped
in position between an upper and a lower electrode assembly in an evacuated holder by
means of pins bearing on the edges of the quartz plate in the nodal plane. The holder is
made of stainless steel with a glass top and a manometer is included to give an indication
of any change of internal pressure.
The quartz plate in the spare crystal (No. 2), as supplied by Messrs. Brooks Measwing
Tools, is not clamped, and is mounted in a simple non-evacuated holder between upper and
lower electrodes. The holder is constructed of brass with mycalex insulation. Due to the
method of mounting the performance of the spare crystal is slightly inferior to the service
crystal in respect of its pressure-frequency coefficient and of the degree of vibrational stability
obtained.

Oven Heater Control Panel (OHC)
The crystal oven is mounted on the back of the Oven Ileater Coutrol panel and is arranged
shown
in tr'igure I.
as
X'irst there is an outer oven in the form of a rectangular box of which only the top and
bottom are shown in the cross-sectional views. The outside consists of an isothermal layer

^

constructed of aluminium sheet; next there is an attenuating layer of celotex; and lastly,
there is a heat-distributing layer of polished aluminium sheet.
Within this box is located the inner oven, consisting of an outer copper cylinder, followed
by a thick felt heat-attenuating layer and then by a mu-metal screening container into which
the actual crystal chamber is fitted. The side-heater resistances (Cressal mats) are mounted
around the outer copper cylinder, and spring clips are provided to enable the mats to be
quickly released for replacement should a fault occur in one of them. A heater resistance
mat is fitted underneath the cylinder and a special winding of insulated resistance wire is
arranged. on the top of the cylinder.
The crystal chamber consists of a heavy cylindrical box made of gunmetal, in which
are mounted the service and spare crystals in their holders, the two crystal frequency adjusting
condensers, the crystal oscillator valve grid resistances and two spring sockets for connection
to the oscillator grid-connecting tubes.
The reduction gearing for the frequency adjusting condenser drives is mounted on a
plate supported by insulating pillars above the top of the crystal oven. The reduction gear
incorporates a split-gearwheel worm drive to red.uce the mechanical backlash to a minimum.

I

attached to page 19
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The gear-box plate also carries a clamping bracket for the contact thermometer which
controls the heater switching and alarm circuits. The bulb of this therm.ometer fi.ts into a
pocket on the outer copper cylinder and the pocket is filled with glycerine to ensure a high
thermal conductivity between tho copper cylinder and the thermometer bulb. In order to
give an approximate indication of the oven temperature a, second thermometer is provided.
This is sla,mped in a mounting on the top of the outer oven box and holes are provided for
its stem in the top plates of both inner and outer oyens. Its bulb fits into a recess in the
top of the gunmetal crystal chamber, and good thermal conductivity is ensured by packing
the thermometer bulb into position with copper dust.
The crystal-grid connectors each consist of a glass tube through which passes a 'Cunife'
wire having a,t one end a spriug set that maintaius the wire under tension. The wire is
sealed into the glass at the ends and is prevented from vibrating by mica supports spaced
at intervals along the tube. At the ends of the tube the wire terminates in valve-t5rpe caps
which, like the sockets provided for them and the top-electrode clips on the crystal holders,
are gold-plated to prevent oxidisation. The outside of the tube is metallised and the metallising is automatically earthed when the tube is inserted in the crystal oven assembly. The
crystal to be used is selected by making the connection between the cap on the projecting
end of its tube-connector and the grid cap of the crystal oscillator valve, with a flexible
connector. Special care should be taken when handling these tubes since iI one is broken
in its socket the oven may have to be dismantled before the fractured portion of the tube
can be removed.
The oven-heating resistances are all connected in series, as shown in Figure 2, and ha,ve

:Top (resistance wire)

the following values
Bottom

(Cressal

mat)

.

Side (Two Cressal mats)
Total

60 ohms
60 ohms
I40 ohms (each)
400 ohms

On the front of the panel is mounted a variable 300 ohm resistance which is connected

in series with the oven heater resistances and the heater supply for regulating the heater
current. The slider bar is labelled to indicate the appropriate direction of adjustment for
increasing or decreasing the heater current.

Oven Temperature Relay Panel (OTR)
The optimum oyen-operating temperature is determined by the temperature-frequericy
coefficients of the crystals, and the contact thermometer, mounted in thermal contact with
the crystal oven assembly, is adjusted to operate at the required temperature during the
initial tests of the equipment. A spare contact thermometer also set up to operate at this
bomperature is held in store. The method by which the contact thermometers can be
recalibrated, should this become necessary, is described later (see 'Maintonance').
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The contact thermometer circuit is shown in X'igure 2 and that of the temperature relay

in X'igure 3.

The thermometer has four contacts connected as shown in X'igure 2. The first contact
made by the mercury column is connected via terminal No. 1 to the negativo pole of the
L.T. supply. The normal working contact is that connected to terminal No. 3. The contacts
connected to terminals 2 alrLd 4 are connected in the Low and lligh temperature alarm rolay
operating circuits which are described later (see 'The Alarm Re1ay Panel, etc.,).
When the oven temperature reaches the pre-determined operating value, that is to say,
when the column. of mercury reaches the No. B contact, a negative grid bias ot.24Y is applied
to the L.30 valve, reducing the anode current to zero and causing the heater control relay
to release and open-circuit the heater resistance supply. Upon the oven temperature decreasing, due to the oven losing heat by radiation, the mercury column falls and the negative
bias to the L.30 valve is removed. The anode current of the valve therefore increases to a
value at which the heater control relay operates and reconuects the heater resistance circuit.
These operations continue alternately as long as the oyeu is working, and ideally, the
time during which the heater curent is 'on' should be equal to the time during which it
is'off'. In order to achieve this bri,lance somg.adjustmeut of the oven heater control resistance may be necessary should the drive room temperature increase or decrease abnormally.
Ilowever, as long as the ratio of 'on' to 'ofi' duration is not greater than 2: l, no heater current

adjustment need be made.

Across the heater relay mercury-switch contact is connected a 2y,E condenser in series
with a 100 ohm resistance, in order to reduce sparking at the contact, which might affect
the crystal frequency.

Crystal Frequency Control Panel (CFC)
This panel carries the two dials which drive the crystal frequency adjusting condensers
via a 2l: I reduction gear. The left-hand dial (facing front) controls the frequency of the
service crystal (No. I), while the right-hand dial controls the frequency of the spare crystal
(No. 2).
Details of the calibration of these dials are given on cards fitted in two frames provided
at the side of the panel. This calibration data is to be considered as approximate only,
since a change of Oscillator valve or of Crystal Maintaining Amplifier may change the calibration by as much as 1 or 2 c/s. It should be noted that as the frequency adjusting condensers
are of the series-gap type the angular rotation of the moving vanes is only g0o for a range
of capacitance values between minimum and maximum. The dials are calibrated between
250o and 500o, the former figure corresponding to minimum capacity, i.e., to maximum
frequency.

Amplifier Equipment
The R,.X'. power input required to drive the first amplifi.er of the medium wave transmitters used by the BBC varies considerably between individual stations and may have a
value between 3 and l0 watts. In order to achieve standardisation of external drive equip-
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Amplifier Equipment

(Corrtd,)

ment as regards R,.F. power output, it has been decided to provide a maximum of 4 watts
R,.X'. from the crystal drive equipment and, where necessary, to use a pre-a,mplifier stage in

the transmitter itselJ.
In the interests of frequency stability the power taken from the Oscillator valve is kept
to a small value, actually of the order of l0 milliwatts. It is therefore necessary to provide
power amplification between the oscillator output and the transmitter input. In this equip-

TO CUYSTAL
CONNECTION TUBES
TO 6EAT

tNorafora

E

L.'r+
Lf - |
l:f. - 2

Figure 4. Crystal Maintainin$ Amplifier.

Drauing RTA. 255

ment two stages of amplification are used. The first, termed the Separator stage, uses an
II.X', pentode delivering an output of approximately 0.5 watts, and the second stage, termed
the Crystal Output Amplifler, delivers approximately 4 watts to the transmitter R.F. input
circuit.
The Separator stage serves to prevent variations occurring in the value of the Oscillator
anode load due to changes in the input circuit impedance of the Output Amplifier and also
provides the necessary excitation for this amplifier.
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The Oscillator and Separator stages are mounted upon one panel and the Crystal Output
Amplifier upon a second panel. Components are mounted on both sides of the panels which
are of the d.emountable t;rpe and are fitted with front and rear covers. In the case of the
Crystal Mainta,ining Amplifier, the Oscillator valve and its associated components are mounted
on the back of the panel and the Separator valve with its components on the front. The
variable tuning condensers are provided with slotted spindles and are accessible when the
front covers are removed. The meters in each case are mounted on a sub-panel in front
of the main panel and project through an aperture in the front cover. The Separator and
Output Amplifier stages are eonnected together via two removable links between two pairs
of sockets, one on each panel.

Crystal Maintaining Amplifier (CMA)
The circuit of the Crystal Maintaining Amplifier which comprises the Oscillator cireuit
associated with the crystal, and the Separator amplifi.er is shown in X'igure 4.
The top electrode of the crystal to be used is connected via its tube connector and a
flexible lead to the grid of the Oscillator valve Y, (Pen.DD.I360). The lower electrod"e of
the crystal is connected to the panel earth as als.o is the cathode of 7r. The grid resistance
oL V r, 2 megohms, is located for convenience in the crystal chamber of the oven and is shown
in Figure 2 connected directly across the crystal plate.
The voltage developed across the crystal, and therefore betweeu grid and cathode of
the Oscillator valve 71, due to its piezo-electric characteristics, is amplified by the valve,
and a portion of the output is fed back via the anode/grid inter-electrode capacitance in
the correct phase for maintaining the oscillations. This condition is secured by the provision
in the anod.e circuit of the Oscillator valve of a parallel resonant circuit -LrC, adjusted to
resonate at a frequency slightly higher than the frequency of the crystal plate. At
the crystal resonant frequency, therefore, the resonant circuit ZrC, coustitutes an inductive
Ioad which may be considered, due to Miller efiect*, to refer to the grid circuit of the Oscillator
valve an impedance consisting of a capacitive reactance in parallel with a negative resistance.
Oscillations are maintained at a frequency very slightly higher than the series resonant
frequency of the crystal, in which confition its equivalent circuit (see Item 16.1, n'igure 5)
may be resolved into an inductive reactance in parallel with a resistance (crystal damping).
The oscillator anode load, therefore, is adjusted so that the magnitude of negative resistance
referred to the grid circuit is sufficient to overcome the damping resistance of the crystal.
It should be noted that this negative resistance represents power fed back from the anode
circuit to the grid, circuit.
The Separator valve is cathode biassed and operates as a Class A amplifier. It is supplied

with only a small A.C. input voltage. In series with the tuned circuit in the anode circuit
of 7, is connected a 100 ohm resista,nce, -Bn, and the grid of the Separator valve is connected
via its blocking condenser Cu to the common point between the resistance and the tuned
circuit. Since at the crystal frequency the series impedance presented by the parallel tuned
circuit in the anode circuit of V ,is very large compared with the value of Ra, the input circuit of
* Soo Adrniralty llandbook of Wiroloss Tolography, Volume II, Soct. F, Para. 32.

I
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Crystal Maintaining Amplifier

(Contd,)

72, which is connected across 8n, shunts only a very small portion of the total anode load
of" T 1. Any variation in the input impedance of 7, thus has a negligible efiect on the value
of the total anode load of 7t.
The output is taken from a tuned-primary transformer LrC, having a step-down voltage
ratio of 3 : I connected in the anode circuit ol V 2. The primary circuit of the transformer
is tuned to resonance at the crystal frequency, which is the condition corresponding to

minimum anode current in the Ctystal Output Amplifier. Two pairs of output connections
are provided, Nos. I and 2 being link-connected to the input of the Crystal Output Amplifi.er,

lI and 12 to the input of the Crystal Beat Indicator where this is installed via the
tag-block and cable form.
and Nos.

Figure

5.

Crystal Output Amplifier.

Drawing RTll.258

Separate anode supply leads are provided for each valve, the anodes in each case being
decoupled by a filter circuit comprising a 2,600y,H coil and two 0.0lpX' by-pass condensers,
LzCaC6, and LnCrsC11, respectively. In the case of 71 a further lpX'by-pass condenser C,
is uged. The screen circuits are by-passed to earth via lpX'condensers, CrandC r, respectively.
The Oscillator anode and screen currents are separately metered, the former by a 0-20

M1. In the case of the Separator
metered. The total current is inclicated

milliammeter, M2, and the latter by a 0-5 milliammeter,
valve the anode and screen currents are not separately

by a 0-20 milliammetet, My
10
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Crystal Output Amplifier (COA)
The circuit of the Crystal Output Amplifier is given in n'igure 5.
X'out 'beam' tetrodes, type KT.3l, connected in parallel are used. The excitation is
derived from the secondary winding of the separator output transformer and is applied to
the grids via an input transformer with a I : 3 voltage step-up ratio and a tuned secondary
circuit. In normal operation the valves are self-biassed via the common grid resistance,
fi13, and grid condenser Cr. Ilowever, as a precaution against failure of the excitation,
which would remove the self-bias from the valves, a small biassing resistance, fi1a, is connected
in the common cathode lead in order to prevent the valves exceeding their maximum dissipation. It should be noted that the cathodes of the output amplifier valves are connected to
the 24Y battery negative thus making available an anode/cathode potential difference of
174V, due to the effective series connection of the L.T. and II.T. batteries.
On their output side tlie valves are coupled to a tuned closed circuit, arranged in the
form of a z-section network, LBCsCLoCi, and designed to match the combined valye output
impedance to the efiective impedance of the transmitter line. Provision is made for the
addition, or omission from the circuit, of fixed capacitances CpardCp,it parallel with C11,
in order to adjust the circuit for the best operating conditions according to the value of the

load impedance.
The circuit is neutrod5med in the conventional manner, by means of the components
R1(,, Ca,,B, and Cr, the balance being achieved by adjustment of the variable condenser Cn,
as described under 'Maintenance'.
The total anode and screen current taken by the four valves is metered by a 0-250
milliammeter M, and the output closed circuit circulating current is indicated by a 0-1 R,.F.
ammeter of the thermo-couple type, M r.
The secondary circuit of the input transformer and of the output closed circuit are both
tuned to resonate at the crystal frequency. The input tuned circuit is adjusted by means
of a variable condenser C, for minimum anode current corresponding to the condition of
maximum sel{-bias, and the output tuned circuit is adjusted by means of the variable condenser
Co for maximum circulating current,.

The Crystal Beat Indicator Panel (CBI)
The purpose of this panel, which is only fitted on crystal drive equipment installed at
certain transmitters in a synchronised group, is to superimpose and rectify the beat between
two carrier frequencies, one derived frof the local crystal drive and the other derived from
a frequency multiplier driven from a reference tone incoming by line.
The circuit diagram is given in Figure 6.
The two amplifiers are identical and consist of variable-mu H.F. pontodes, Vrand Vr,
whose gain is adjusted by means of potentiometers, -Bu and .Bu, connected across the 24Y
supply. The amplifiers have a common anode impedance, Zr, across which the combined carrier
voltage is developed. This voltage is applied across a diode rectifier, V r, and the beat a,ppears
as a varying direct current in the diode load circuit,which consists of a 2,000 ohm resistan ce, RL.
(which can be replaced by high resistance headphones) and a suitable 0-t milliammeter.
Provision is made for adjusting the operating point of the diode by varying the voltage
of the cathode with respect to earth. A potentiometer J?ru.Bru, connected across the l50V
11
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The Crystal Beat Indicator Panel

(Contd,)

supply is used for the purpose, the smaller component, .Bru, being variable. The control is
labelled' Sensitivity'.
Owing to disturbances which appear in the frequency multiplier output due to small
phase changes in the reference tone as it passes over the line between synchronised transmitters, a milliammeter with normal damping is not satisfactory, particularly when the diilerence
9

ISOY+ I

lSOv+2

u___

-

ZlfrH

lrEooffi

Figure 6. Crystal Beat Indicator.

16'

Dratuing RTA.261

frequeucy between the two radio frequencies is very small, i.e., when there is a very slow
beat. A recording milliammeter is therefore used fitted with special oil damping arrangements. An oil of high viscosity is employed and a 20pF electrolytic cond.enser C, is used
to by-pass any radio frequency currents in the meter circuit and to provide a degree of
smoothing of the D.C. output as regards random variations.
The panel is not of tho demountable t5rye and all the components are mounted on the
baek. Three slotted spindles project through to the front of the panel. Two of these are
L2
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the grid bias potentiometer controls for the two input ampliflers aud the third is the diode
bias control. A jack is provided for aural monitoring and a locking key switch for shortcircuiting the diode recordirg milliammeter connections when this is not in use.
The ' Iocal ' drive is connected to input No. 2 of the beat indicator and the line frequency
multiplier output is connected to input No. l. The setting-up procedure is to adjust the
gain of the input amplifiers so that with either input connected and the other disconnocted,
the recording milliammeter reads about 0.3mA. Finally, by adjustment of the 'Sensitivity '
control the recorder trace can be aligned in the centre of the chart.
Instructions for the operation and maintenance of the recording milliammeter are
includ.ed in a pamphlet supplied with the instrument.

Termination Panel (TMN)
The Termination Panel cairies a tag-block for the connection of the following externai
circuits :l. The alarm circuits, relay battery and gong
2. The frequency multiplier connection to the beat indicator
3. The frequency dividgr input connection
4. The beat indicator mbter circuit
A junction box is fitted on this panel for the connection and distribution of the oven
heater supply (2201230Y D.C./A.C.), and a link panel is provided to permit the connection
of either of the two drives installed, to either of two low-capacitance cables to the transmitter
input circuit. In addition, the frequency divider input may be connected by links to either

transmitter cable.
The circuit connections are shown at the bottom of the General Block Schematic diagram,
Figure 7.

Circuit Breaker Panel (CB2)
The Cirouit Breaker Panel carries two double-pole circuit breakers fitted with overload
trips, one for the L.T. and one for the II.T. supply. Only one of the battery connections
is made to each circuit breaker as the other side of the supply is earthed in each case. One
pole of each breaker is used for Drive No. I and the other pole for Drive No. 2.
The circuit connections are shown in Figure 7.
The L.T. circuit breaker overloa,d is set at 30A and the II.T. overload is set at 3A.
As the crystal drive equipment is to be operated continuously these cfucuit breakers are
only to be used for isolating the supplies in the case of a fault on the drive bay supply
distribution circuits.

Meter Panel (MR/3)

The Meter Panel carries the following meters :A 0-30 D.C. voltmeter for the filament supply
A 0-250 D.C./A.C. voltmeter for the oven heater supply
A 0-200 D.C. voltmeter for the anode supply
The meter scales are marked with a red line at tbe normal operating value {or each meter.

l3
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L.T. and H.T. Fuse Panels (FF.24 and AF.24)
The connections of the fuses in these panels are shown in the General Block Schematic
diagram, X'igure 7.
A new type of fuse mounting has been developed in which instead of the fuse boing
held under washers and screws at both ends, as in the Post Office type, it is held by spring
contacts.
The procedure for the removal or replacement of a fuse is given under 'Maintenance'.
The panels are manufactured from bakelite sheet and the fuse mountings thus require
no bushing. The usual designation strip is provided in which the panel and valve codes
are used for the indentifi,cation of the circuits.

The Ballast Resistor Panet (BRS)
This panel carries eleven screw-cap holders on each side of the panel, and the front and
rear covers are provided with large ventilation slots.
The connections are shown in the General Block Schematic, Figure 7.
Barretters are used only for the L.T. circuits of the Crystal Oscillator valve and the
Separator valve. All other valves have ballast resistances in their heater circuits.
The following table shows the position numberand tytrle of ballast resistance for the
various circuits on the crystal drive bay:Type of Banetter
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When the supply of BUl6,SlJ4 and BU/35/14 barretters is exhausted these types will
be replaced by the new BU/60/14 and BU/30/14 barretters. When this replacement occurs,
it will be essential to remove the 250 ohm resistances .B, and fig, see X'igure 4, now connected
in parallel with the heater circuits of the Crystal Oscillator and Separator valves.

The Alarm Relay Panel (ALR) and Alarm Lamp Panel (ALL)
On the alarm relay panel are mounted seventeen relays, of which six (numbered 4-9)
l, six (numbered 12-17) with Drive No. 2, two (numbered 18 and lg)
with the Beat Indicator if fi.tted, and three (numbered l-3) are common to both drives. The
alarm lamp panel carries fifteen lamps associated with the alarm relay circuits. The alarm
relay and lamp circuits are shown in the General Block Schematic, X'igure 7.
If all the alarm relays are in their 'normal ' positions, relay No. I is held operated by the
control rcom 24Y supply over a circuit provided via the C-D or D-E contacts of all the other
relays in series. If a break occurs in the alarm relay contact chairr, relay -llo. I releases
making its G-II contact and via the earth connection on its G-contact completing the alarm
gong circuit. Thus relay No. I is the master relay.
Relay No. 2, relays Nos. 4-9, and relays Nos. 12-19, inclusive, when in the 'alarm '
position,. each operate a lamp via their make contacts G-II or G-X'. The circuit with which
each lamp is associated is indicated upon its designation label so that when the alarm gong
sounds the circuit in which the fault has oceured can be readily identified.
Reloy No. 2 is energised by the oven heater supply via a 22,000 ohm series resistance.
At stations using A.C. for oven heating a simple rectifier circuit is used for the operation
are used with Drive No.

of this relay.
The two groups each of six relays, relays Nos. 4-9 and relays Nos. 12-17, allocated to
the alarm circuits of Drive No. I and of Drive No. 2, respectively, operate in the following
eircuits

:-

Relay
Driae No.

4
5
6
7
8

e

I

Number
Dri,ae No. 2

(12)
(13)
(14)

(15)
(16)

(r7)

Coil

M'i,n. operati,ng

Resistarwe

Current

2Q
1,5000
1,500Q
1,5000
1,500Q
1,5000

(mA)

200

(shunted

8
8
8
8
8

Circuit
Oven temperature relay valve (L.T.)

Oven temperature LOW alarm
Oven temperature I{IGI{ alarm

Crystal Maint. Amp. Osc. (II.T.)
Crystal Maint. Amp. Sep. (H.T.)
Crystal Output Amp. (8.T.)

with S50Qresistance)
The LOW and HIGH oven temperature alarm relays, Nos. 5(13) and 6(14), respectively,
are operated by auxiliary contacts on the contact thermometer. These alarms operate if
the meicury column in the contact thermometer decreases or increases, respectively, more
than the equivalent of 2oC from the normal operating point. It should be noted that
relay No. 5(f 3) is normally energised, while relay No. 6(ta) is only enerqised if an abnormal
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temperature increase takes place. Under normal working conditions the amplitude of the
temperature cycle of the contact thermometer bulb is of the order of +0.25'C.
Relay No. 18 is the amplifier II.T. alarm relay and Relay No. 19 the diode rectifier L.T.
alarm relay, in the Crystal Beat Indicator. If no Beat Indicator is fitted the alarm contacts
on these relays are looped over.
Relay No.3 is operated in the case of an L.T. or Il.T. fuse failuro, either from the crystal
drive 24V L.T. supply via a 24Y lamp, or from the crystal drive l50Y H.T. supply via a
I,200 ohm series resistance and a 24V lamp. Should a fuse fail on the L.T. or H.T. fuse panel,
the appropriate panel lamp will light.
Relay positions 10 and ll at present are spare.
In order to ensure that the supply for the crystal drive alarm circuit shall aiways be
available, an additional warning buzzer is provided. This primary alarm circuit, is not shown
in I'igure 7. The buzzer is operated from the 2201230 volt main battery, or at stations not
equipped with main batteries, from a dry battery, by means of a relay which is normally
held energised by the control room rela,y battery.

Maintenance
Apparatus Rack.

The following procedure is to be observed when demounting a Crystal
Maintaining or Crystal Output Amplifier.
First the rear covers and the links between the two amplifiers should be removed and
also, in the case of the Maintaining Amplifler, the connection from the grid of the Oscillator
valve to the crystal connection tube. The outer bay-fixing bolts at each front corner
of the panel should next be removed but on no account should the bay-fixing bolts for the
inset portions at each side of the main panel be loosened or removed.
The amptifier panel may then be withdrawn from the bay by means of the two handles
provided.
The spare amplifier should be inserted in its place, the above procedure being reversed.
A gentle direct thrust on the amplifier as it is inserted should be all that is necessary to obtain
a satisfactory mechanical and electrical connection.
Replacing Fuses on L.T. and H.T. Fuse Panels. Slide the top of the faulty fuse to the
left, displacing the top of the next fuse as far as the mounting wiII allow. The faulty fuse
may now be removed by lifting the top and withdrawing its base from the lower mounting.
The bottom of the replacement fuse is first inserted with the fuse held vertically, and when
the fuse has been fitted correctly into the lower mounting it may be moved to the left and
inserted into the upper mounting. X'inally, the displaced fuse on the left is moved back
into its correct position again.
Dismantling the Crystal Oven. Should it ever become necessary to dismantle the oven
the following procedure must be observed.

Demount the Crystal Maintaining and Crystal Output amplifiors from the bay, as
described. Withdraw the two crystal connection tubes and remove the indicating thermometer
on the top of the oven by releasing the fixing clamps. The top and rear panels of the outer
oven should then be unscrewed and detached.
I6
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The contact wires should be disconnected from the terminal strip and the contact
thermometer should then be removed. The thermometer when removed must be supported
in such a position that the outlet of the capillary tube at the reservoir end is clear of the excess
mercury in the reservoir. If this is not done, the calibration of the thermometer may be
disturbed due to mercury being drawn from the reservoir into the capillary tube as the
mercury in the bulb cools to room temperature. The method of recalibrating the
thermometer is given below.
The mains supply to the equipment should be disconnected and the leads from the oven
heater mats should then be removed from the terminal strip. The captive screw should be
released and the terminal strip swung outwards. The earth wire for the inner oven should
be disconnected by removing the beaded connection from the bay earth strip.
Set both dials on the front of the crystal frequency control panel to read '250', then
slacken off the set screws on the couplings between the gear shafts and the dial drive rods
(inside the oven) and slide the inner oven free. The oven must be kept upright to retain the
glycerine in the contact thermometer pocket.
To remove the lid and gear assembly from the inner oven, first slacken the set screws
on the coupling between the gears and the condenser spindles, (these screws may be reached
between the gear-box plate and the oven lid), then remove the earthing tag, nuts and spacer
on the oven lid. The complete lid and gear assembly will then lift off. Care should, be tq,ken
not to mooe the gear sytind,les or the conilenser shafts d,uri,ng tltese operati,on's.

Having removed the bolts holding down the lid of the inner oven chamber, this may be
lifted out of the niu-meta1 screening can by using as handles two of the fixing bolts screwed
into the tapped holes provided. Access to the crystals and other components is then possible.
When reassembling, it is advisable, if there is any question of the condenser spindles
having been moved, first to check that the variable condensers are set at minimum capacity.
To do this, the condenser screen fi.xing nuts should be removed and the screens sUd down until
the vanes are visible. (When the vanes are set, for minimum capacity the dials should read
'250'). In some cases & window is fltted iu the condenser screens.
The oven should be reassembled in the reverse order to the dismantling, care being taken
not to disturb the relative positions of the condenser and gear spindles, and to check that
both dials read ' 250', before recoupling themtothe gears. If the flats onthe spindles Line-up
with the coupling set screws the reassembly is probably correct.
Calibrating the Contact Thermometer. If a contact thermometer needs to be recalibrated, the following procedure must be carried out.
Where the thermometer is to be set up for a higher temperature than that for which it
was formerly calibrated, a water-bath should be prepared and maintained at a temperature
corresponding to the required operating temperature plus the 'constant' for the particular
thermometer. This is engraved at the upper end of the thermometer and, in a typical case,
may have a value between 7o C and l0o C. The value given represents the increase in bulb
temperature necessary t,o raise the mercury column from the operating contact to the end
of the capillary tube. The thermometer bulb should be inserted into the water-bath and
kept there until beads of mercury cease to drop from the end of the capillary tube into the
reservoir. The bulb will then have reached the water-bath temperature and the thermometer
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may be removed and stored in a position such that the end of the capillary tube is clear of the
mercury in the reservoir.
If the thermometer has to be set up for a lower temperature, the bulb should first be heated
to a temperature in excess of the required operating temperature plus the 'constant.' Then
when the mercury is overflowing into the reservoir the thermometer should be tilted until
the outlet of the capillary tube is covered by the reservoir rnercury and gently removed from

the water-bath. As the bulb cools mercury will be drawn from the reservoir down the
capillary tube into the bulb. When sufficient mercury has been transferred, to ensure that
there is more in the capillary tube than will be required, the thermometer should be calibrated
for the correct operating temperature by the method outlined in the previous paragraph.

Operation

General. The complete drive equipment is not to be switched ofi at any time, and precautions should be taken during periods of abnormal weather conditions to maintain the
drive room temperature within +5'F of seasonal average.
Although the crystals are only slightly susceptible to vibration, care must be exercised
to avoid jarring the apparatus rack excessively, particularly when changing the amplifiers
for the periodical routine performance checking tests.
Method of Tuning. The anode tuning circuit of tlee Oscillator valve in the Crystal Maintaining Amplifier is correctly adjusted at the time of the initial tests and should, not subsequently
be readjusted,.

Before the Crystal Output Amplifier and Separator stage are tuned, the Output amplifier
neutrodyne balance must first be efiected. To do this, remove the Separator valve top-cap
connection and vary the neutrodyne balancing eondenser on the Output Amplifi.er (Cn,Figure 5)
observing the anode current. It will be found that self oscillation commences (as indicated
by a value of anode current less than 180 mA, which is the normal ' static ' value) at two
points during the movement of the balancing condenser rotor through one complete revolution.
The condenser must be set mid-way between these points and, finally, the drive restored to
the amplifler by replacing the Separator valve top-cap connection.
The primary tuned circuit of the Separator output transformer and the secondary tuned.
circuit of the input transformer of the Cr;,stal Output Amplifier are both tuned for minimum
anode current in the Crystal Output Amplifier, and the output closed circuit is tuned for
maximum circulating current.
Typical Readings. The precise values of anode and circulating currents that should be
obtained under working conditions may difier slightly from equipment to equipment and a
set of working values is provided when the equipment is installed. Typical values are,
however,, approximately as follows :6.0 mA
Oscillator Stage (Pen. DD. 1360) Anode Current
Screen Current
1.3 mA
Combined Anode and
Separator Stage (W.3I)
11.0 mA
Screen Current
Combined Anode and Screen Current
Output Stage (Four KT. 31)
Normal working value . .
70 mA
180 mA
Non-excitation value

Output circulating current (into 100 ohms)
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Frequency Adjustments. In the case of a transmitter operating on an exclusive
wavelength the &ive frequency should be maintained within f 2 cls of the nominal carrier
frequency as measured by Tatsfie1d, by adjustment of the appropriate condenser on the
Crystal X'requency Control panel. The amount of adjustment required can be estimated
by reference to the appropriate calibration chart fitted on the Crystal X'requency Control
panel. It is, however, most unlikely that changes of frequency as large as { 0.5 c/s at carrior
normally in every respect, the frequency measnrement should be queried.
In the case of the drives at 'master' and 'slave' s5mchronised transmitters the routine
for adjusting frequency has been detailed separately for each station.
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