
The Institution is not, as a body, responsible for the opinions expressed by individual
authors or speakers

THE JOURNAL OF
THE INSTITUTION OF ELECTRICAL ENGINEERS

EDITED BY W. K. BRASHER, SECRETARY

VOL. 93. PART I I IA (RADIOLOCATION), N O 6. 1946

THE C.H. RADIOLOCATION TRANSMITTERS*

By J. M. DODDS, O.B.E., M.A., B.Sc., Dr.Ing., Member,t and J. H. LUDLOW.f
(The paper was received \6th April, 1946.)

SUMMARY
A general description is given of the development work leading up

to the final design of the C.H.-type Radiolocation Transmitters for the
Air Ministry. Early modulation schemes are mentioned and reasons
given for changes in circuits to meet operational requirements. Some
performance figures are quoted, including power output over the
stipulated frequency band, and valve filament lives.

(1) GENERAL
(1.1) Specification

In March, 1938, the Bawdsey Research Station of the Air
Ministry issued a specification for ground Radar Transmitters
whose purpose would be to provide radar coverage from a
number of sites along the East and South coasts of Gt. Britain
and give early warning of aircraft approaching from the European
continent. The general plan called for 20 stations spaced at
approximately 30-mile intervals from Orkney to the Isle of
Wight and later became known as the "Chain-Home" stations.
Because of this the transmitters were usually referred to as the
Type C.H. although they subsequently received the R.A.F. type
numbers T3026 and T3O26A, following modifications which will
be described later.

The original specification was very brief and called for a
transmitter capable of sending pulses of r.f. energy on any fre-
quency in the range 20-55 Mc/s with a power exceeding 200 kW.
It was also stated that adjustment to any one of four pre-selected
frequencies within the band should be accomplished in less than
15 sec and that transmitter frequency should be within 0-05%
of the stipulated value. The pulse repetition rate was to be
either 25 or 50 per second, locked to a 50-c/s source and capable
of adjustment in phase to any angle from 0 to 360° within 1 °,
and the pulse had not to vary its point of incidence relative to
zero phase angle of the supply by more than ± 2 microsec. It
was required that each pulse should rise to 0-9 of its maximum
amplitude within 1 microsec, continue at this value for a period
of from 5 to 35 microsec as determined by adjustment, and
thereafter fall to 0-01 of its maximum amplitude within
2 microsec. The power radiated during "quiescent" periods
was not to exceed a few microwatts.

In the absence of data or experience of pulse modulation of
high-power transmitting valves, the contractor was unwilling to
be committed to the requested power output but stated that the
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valves proposed were capable of an output of 80 kW over the fre-
quency band. To permit rapid replacement underfault conditions
and facilitate the provision of spares, it was agreed that each trans-
mitter station should consist of two identical self-contained units
in order that maintenance could be carried out on one while
the other was in operation.

The clauses relating to the pulse shape and frequency stability
were accepted as specified above, in the absence of any data on
the performance of land-based radiolocation systems with
multi-stage transmitters and power output of the order of
200 kW. While mention will be made later of changes in
requirements following operational trials, it is of interest to
consider the system initially tried out to meet the rigorous
specification.

The transmitting valves available were of the continuously-
evacuated demountable type originally developed for c.w. opera-
tion and had the following characteristics:

Type SW5. Double tetrode with 1 400-W tungsten cathode,
capable of 10 kW c.w. output at 10 kV anode voltage.

Type 43. Tetrode, with 18 V, 140 A tungsten filament.
Power output 40 kW c.w. at 12 kV anode voltage.

Type 45. Similar to the Type 43 tetrode, but with double-
length electrodes and 5*5 kW cathode giving an output of
80 kW at wavelengths longer than 6 • 25 m.

The required frequency coverage precluded the immediate
use of the type 45 although modification to the electrodes would
have sufficiently reduced the anode-screen capacity.

(1.2) Basic Circuit
The block schematic diagram shown in Fig. 1, gives some idea

of the original circuit. The Master Oscillator consisted of a
single Ediswan valve, Type ES751, feeding four pre-set tuned
circuits through a wavelength selector mechanism. These
circuits were capable of individual adjustment from controls on
the front of the transmitter and were all mounted inside a
thermostatically controlled enclosure. This stage operated at
one half of the required transmitter frequency so as to minimize
the effect of "leakage" during the quiescent periods, and was
direct coupled to the Doubler Stage consisting of two special
Ediswan valves, type MV75. These were 75-W tetrodes, fitted
with a short low-inductance lead from the screen brought out
through the side of the envelope and also with by-pass condensers
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Fig. 1.—Block diagram of original C.H. transmitter

between each side of the filament and the screen. These con-
densers were mounted inside the valve envelope and connected
to the electrodes by very short wide leads. The two doubler
valves were driven in antiphase and had their anodes paralleled
and connected to one of four sets of circuits tuned to the operating
frequencies, through an electrically-controlled wave-selector
switch. The output of this stage drives the grids of the SW5
double tetrode in antiphase and it is at this point that the modula-
tion signals are applied. These are timed either from the Local
Lock unit or from a signal fed to the lock amplifier from the
receiver.

The local lock is fed from the 3-phase supply which energizes
the stator of a Selsyn transmitter from which variable phase is
obtained directly from the rotor by rotation of a calibrated dial
on its shaft. This voltage is applied to a thyratron frequency-
dividing circuit giving an output at 50, 25, 16$, 12^ or 10 c/s,
according to the adjustment. The waveform thus produced is
fed to the lock amplifier which not only produces steep-wave-
front pulses to trip the modulator and monitor time bases, but
also introduces the necessary delay between these pulses so that
the main pulse may be positioned in the centre of the trace on
the cathode-ray-tube monitor. •

The Modulator had two outputs known respectively as the
"Main Pulse" and "Quench Pulse." The main pulse was
variable from 4-35 microsec and controls were also provided for
mean amplitude and decay of the initial "peak," while the
quench pulse could be controlled both for amplitude and decay
time. The circuit used was such that the start of the quench
pulse was coincident with the end of the main pulse. The
functioning of this system will be described in detail later.

The two anodes of the SW5 double tetrode were paralleled
and connected through the wave-changing switches to four sets
of tuned circuits from which tappings were taken direct to the
control-grid of the drive amplifier, which consisted of a single
Type 43 valve. Since a symmetrical output was required, the
anode circuits were also symmetrical and a continuously-
evacuated vacuum condenser was used as a "counter balance"
to the anode-screen capacitance. Tappings on these circuits fed
the output stage through four sets of feeders, which were ter-
minated by the tuned circuits coupled to the control grids of
the two Type 43 valves which constituted that stage through
wave-changing switches. The output-stage valve anodes were
switched, in turn, to one of four tuned circuits, from which
tappings were taken to feed the four aerial arrays.

It will be clear from the foregoing description that the wave-
length-selector mechanism was rather complicated, but it was
somewhat simplified by the fact that only one variable condenser
was used for each bank of four circuits, its position being deter-
mined by variable cams mounted on the main driving shaft.
Tuning controls on the front panel of the transmitter were so

arranged that only the position of that cam referring to the
tuned circuit in operation could be varied.

Wavelength selection was made from the control desk by
push buttons with associated signal lamps and the time taken to
change (at full power) from any one wavelength to any other of
the pre-selected values did not exceed 9 sec. •

Arrangements were also provided in the control desk for
remote operation of the wave-selecting mechanism, though this
feature was never used operationally.

It has been clear from the commencement of the design that
the output stage would be the only one in which the valves
would be running at full power. It had also been assumed that
difficulty might be experienced in obtaining sufficiently-steep
front and tail to the pulse in view of the large number of tuned
circuits involved. For this reason the modulator pulse front
was made of sufficient amplitude to provide full drive for the
SW5 and drive-amplifier stages. It was then arranged that the
amplitude should fall to that value corresponding to full drive
of the output stage. With this scheme there was no difficulty
in obtaining an adequately steep front to the r.f. envelope. The
problem of shortening the tail of the pulse was overcome by the
quench modulation. During quiescent periods both grids of the
SW5 valve were biased beyond cut off; thus, as will be appre-
ciated from Fig. 1, only one half of this valve became operative
during the pulse. At the end of this period, however, the quench
circuit became operative and delivered full power in antiphase
to the output stage. The effect of the quench controls on the
shape of the pulse tail was very interesting and positive. As
they were increased, the tail progressively shortened until it
became negligible, but further increase produced a small
secondary pulse following the main pulse but in antiphase
to it.

In the meantime work had been proceeding at Bawdsey
Research Station on more efficient aerial systems using trans-
mitters of higher power and it had been found that self-oscillators
driving an output stage would give an adequate pulse shape.
There was also the risk that the power radiated from the C.H.
transmitter during quiescent periods, even though only of the
order of a few microwatts, might prove objectionable to the
receivers. The magnitude of this effect could not be estimated
as the receivers were, at that time, still in the development stage.
It was accordingly decided to abandon the Master Oscillators
and Frequency Doublers and use the SW5 as a pulsed self-
oscillator even though this meant discarding the advantages of
quench modulation.

The two control grids of the SW5 were strapped together and
coupled back to the anode circuits so as to provide a modified
Hartley oscillator and the modulator pulse was applied simultane-
ously to both control and screen grids. On wavelengths less
than 7£m difficulty was experienced in making this valve
oscillate on the fundamental, due to the physical size of the
circuits, bearing in mind the fact that wave-selector switches were
incorporated, and therefore, since there was no lack of drive for
the output stage, frequency doubling was adopted in the drive
stage for some wavelengths below this value. On each wave-
length there were only four tuned circuits involved and this,
together with some damping on the grids of the Type 43 valves
no doubt accounted for the good pulse shape obtained.

Fig. 2 shows the drive stages of two transmitters and their
control desk. The control desk has, in addition to the cathode-
ray-tube monitor, all controls for cooling water, fans, transmitter
supplies and wavelength selectors. H.T. voltage and condition-
ing supplies for the demountable valves are also controlled from
this position.

The interstage feeders are taken overhead to the output stage
and consist of pairs of concentric lines while the aerial connec-
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Fig. 2.—Drive stages and control desk.

tions are taken as open lines from Pyrex insulators located on
the top of that stage.

A few of the transmitters as described above were installed in
their stations at the commencement of hostilities and gave a
power output of the order of 350 kW at the 20 Mc/s end of the
band falling to 200 kW at the 55 Mc/s end. This was achieved
with approximately 18 kV on the drive stage and 36 kV on the
output stage valves. Modifications were later carried out
including an increase in drive-stage h.t. to 36 kV resulting.in an
output power of between 600 and 800 kW, which could further
be increased to over 1 MW by slightly over-running the filaments
or by raising the h.t. to 40 kV. It was decided also at this time
that only two of the four wavelengths would be used so the two
other sets of circuits were stripped out.

An experiment was carried out on one of the transmitters using
a pair of standard type-45 valves in the output stage, although it
was realized that these would not operate below 6-25 m with
the circuits available. A radio frequency power of 1 700 kW
was obtained but this was not pursued further, not only because
of the difficulty at that time of providing an aerial system to
handle this power, but also because it was not thought to be
required operationally.

(2) CONSTRUCTIONAL DETAILS
(2.1) Modulator, Monitor and Associated Equipment

The component parts of the final design will now be described
in some detail. The general schematic diagram of the modulator
equipment is shown in Fig. 3. The Local Signal Generator,
has a Selsyn-type phase control T2 fed from the 3-phase
supply by a suitable transformer. This gives a supply of
approximately constant amplitude whose phase can be varied by
rotation of the rotor. This is applied through a high resistance
to V21 thus producing a square wave in its anode circuit, due to
the fact that the Selsyn voltage is several times larger than the
grid base of the valve. This square wave, fed to the small
thyratron V22, produces pulses whose shape is modified by a
filter network so as to have a front of approximately 100 microsec
which is similar to the alternative locking signal from the receiver.
The thyratron also produces its own bias voltage which is
normally sufficient to prevent it conducting on the next few
square waves supplied to it. This bias voltage is allowed to
leak away through a variable resistance and it is evident that a

suitable choice of resistance will determine the factor by which
the thyratron acts as a frequency divider. The output is
monitored by a small bridge rectifier and calibrated instrument
which in turn is shunted by a rectifier to provide a more open
scale. This meter is calibrated in bands of 50, 25, 16$, 12$
and lOc/s.

The receiver locking signal is in the form of a 4-V, 25-c/s square
wave whose negative-going front is of the order of 100 microsec.
It was required that the transmitter pulse should be locked to
any desired point within the range 30-80 microsec from the start
of the front. Thfe Lock Amplifier, accomplishes this in the
following manner. The valve VI acts as an inverting amplifier
which is directly connected to the control grid of V2. The
cathode of this valve can be set at any desired voltage by its
associated variable potentiometer. V2 will thus remain non-
conducting until the amplified receiver-wavefront has attained an
amplitude approximately equal to the cathode potential. Grid
current in this stage is limited by a high series resistance and
since the grid base is only about 4 volts the output front will be
shortened to the order of 2-3 microsec. V3 is again an inverting
amplifier to supply a positive pulse to the main modulator and is
followed by a filter network to reduce the tripping-pulse length
without affecting its front. Valves V5 and V6 are identical to
V2 and V3 but with separate phase control and are used to
trigger the monitoring time bases. By this means, the incidences
of the transmitter pulse with respect to the monitor traces can
be varied over a very wide range.

It was originally stipulated that a second line from the receiver
would supply a "blanking" square wave at 12$ c/s. This was
applied to V4 and rendered VI inoperative by feeding a negative
signal to its suppressor grid. The diodes in V4 were merely
used for "d.c. restoration" when no blanking signal was being
fed from the receiver.

The Main Modulator (Fig. 4), was designed to use special
Ediswan thyratrons, Type MR300, whose characteristics were as
follows:

Maximum anode voltage . . . . 4 kV
Maximum peak anode current . . 3 A
Control ratio 80

Since it was decided initially to use d.c. connection to the grids
of the modulated oscillator valve SW5, the modulator power unit
had its positive pole earthed. A 1-0/xF condenser C3 was
charged from this power unit during "quiescent" periods of the
receiver or local locking wave through VI3 driven by VI2. The
incidence of the tripping pulse from the lock amplifier tripped the
small thyratron V7 which was cathode-coupled to the grid of the
main MR300 V8, which in turn had the initial peak-forming net-
work and pulse-amplitude controls in its cathode circuit. A
connection was taken from this circuit to the control and screen
grid of the SW5 and also to an R-C delay circuit controlling the
firing of the small thyratron V10. So far we have only considered
the formation of the front and constant amplitude portion of the
pulse. The tail was produced by the MR300, V9, short-circuiting
the output of V8 when controlled by V10. The tripping point of
VI0 was determined by the resistance in its grid-charging circuit
which initially consisted of a variable control marked "Pulse
Width" on the front of the transmitter but was later replaced by
four preset resistances which could be selected at will either from
the transmitter or remotely from the receiver.

For the sake of completeness, mention may be made of the
quench valve VI1 which was also tripped by V10 at the end of
the main pulse and produced the appropriate waveform by
by discharging a shunt capacity of 0-03 fxF which had been
charged in a similar manner to C3.

The whole system operated smoothly and was completely
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Fig. 3.—Modulator and monitor circuits.
stable. The "jitter" relative to zero phase angle of the 50-c/s
supply or to the receiver lock signal was so small as to be im-
measurable on the monitoring time base and in any case must
have been less than 0-1 microsec.

The Control Desk Monitor was of a conventional type using
a 7-in electrostatically focused and deflected cathode-ray-tube
and was fitted with a selector switch indicating, (1) Time-base
calibration; (2) Modulator output pulse; (3) Drive-stage pulse
anode current; (4) Output-stage pulse anode current; (5) Radio-
frequency envelope.

A 3-in cathode-ray monitor tube was also provided on the
modulator panel deriving its time-base and beam-trapping
voltages from the control desk monitor. Its selector switch
was connected to (1) Signal input to lock amplifier; (2) Signal
input to modulator; (3) Charging current of main modulator
condenser; (4) Modulator output pulse; (5) A wander lead inside
the modulator chamber for general servicing.

The mean power output of the transmitter was checked by
disconnecting the aerial feeders and substituting an artificial
load consisting of six 100-W tubular lamps. The brightness of
these could be measured by a bank of selenium photocells con-
nected to an instrument on the control desk calibrated directly in
hundreds of watts.

The r.f. monitoring of the transmitters at the control desk was
somewhat inconsistent due to pick-up between the tube deflecting,
systems and ultimately Type-8 monitors were installed, being
tripped1 from the control desk time base and fed from a screened
loop positioned near the aerial feeders. This monitor was
developed in conjunction with T.R.E. and used a special cathode-
ray tube in which the deflecting plates were screened and con-
nected to their external circuit by very short leads taken through
the side of the glass envelope. A special wavemeter developed
and manufactured by H. W. Sullivan Ltd. was fitted for accurate
checking of the output frequency.
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Fig. 4.—Thyratron modulator.

Fig. 5.—Anode chamber of output stage.

(2.2) Power Valves and Ancillary Equipment
(2.2.1) Type 43 Tetrode.

This valve was designed to provide 35 to 40 kW of r.f. power
at frequencies up to 55 Mc/s, with complete freedom from
internal feedback and associated neutralizing equipment. Fig. 6

Fig. 6.—Valve Type 43.

shows a valve with its anode insulator removed, exposing the
screen grid and its supports. It will be seen that apart from the
active area, where the grid is formed of a number of thin spaced
washers, the screen-grid, with its cap and support tube, completely
encloses the control grid and filament. The tube is mounted on
an annular copper terminal, connected around its periphery to
an annular condenser which can be seen built on to the valve
itself. The outer edge of this condenser is clamped all round in
the partition dividing the anode from the grid chambers, as
shown in Fig. 5. Thus the only feedback path from the output
to the input circuits is through the screen-grid mesh, and the
washer construction is so effective that grid and anode circuits
can be run through tune, with no load connected, without feed-
back instability at full h.t.

The screen condenser, which provides capacitance between the
screen-grid terminal and one filament connection, is reinforced
by making the filament leads in the form of two half tubes, spaced
closely to the inside of the screen support tube. A similar
condenser is attached to the first and is connected across the
filament terminals. The control-grid support passes coaxially
through the filament supports to its terminal flange.

The envelope of the valve is built up from silica and water-
cooled copper rings, sealed with Apiezon W bitumen, so that it
can handle heavy currents and high r.f. voltages without great
loss. All water circuits except the anode are connected in series,
and the valve is evacuated through apertures in the grid terminal.

(2.2.2) SW5 Valve.
This double tetrode was initially designed as a power amplifier

and particular attention was paid to the construction of the
electrodes in order that their inductance should be a minimum
and also that the connection between their screen grids should
be very short and massive. An exploded view of the valve is
given in Fig. 7 and shows the main body machined from the solid
and carrying the two plane tungsten-mesh screen grids. The
large-diameter pipe on top of this block in the photograph served
as the connection to the vacuum pumping plant and was provided
with an insulating ring since the screen potential was usually a
few hundred volts above earth. The two control grids, mounted
on a fused silica or low-loss ceramic plate were square in shape
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Fig. 7.—Component parts of SW5 valve.
with adequate cooling and were mounted through a large slot
in the side of the screen-grid block. A similar slot on the face of
the block remote from the pumping tube accommodated the
filamentary cathode structure which consisted of a central water-
cooled plate flanked by 14 strands of 0 012-in tungsten "wire,
uniformly spaced across its surface and suitably spring-tensioned.
The anodes were of circular cross-section, adequately water-
cooled and mounted on fused silica or low-loss ceramic cylinders
approximately $-in thick by 3-in long. The water cooling pas-
sages of cathode, control grids and screen-grid blocks were
connected in series, while the anodes were separately supplied
in series.

(2.2.3) Vacuum Equipment.
The drive and output-amplifier stages were each provided

with a single pumping plant. Fig. 8 shows the one fitted to the

Fig. 8.—Vacuum pumping plant.

output stage. The two valves in the chamber above are carried
on a welded-steel manifold evacuated by a Type 03 oil-conden-
sation pump, capable of providing the low pressure required,
and backed by a Type 02 pump, which can work into a fore-
vacuum pressure of 200 microns. A two-stage rotary vacuum
pump Type DR1 is provided, and advantage is taken of its
ultimate pressure of 50 microns or less by discharging the 02 into
a reservoir which is pumped out periodically. This can be seen
in the centre of the plant and, with the manifold, forms the main
mechanical support for the valves above.

Experience has shown that a pair of condensation pumps will
operate satisfactorily if their boilers are heated, if their jackets
are being cooled, and if they are being given an adequate fore
vacuum. The equipment is therefore protected by thermal and
water-flow switches, and by a Pirani-type relay.

Since the rotary pump does not seal completely when stationary,
a rotary vacuum tap, operated by a magnetically-controlled
hydraulic mechanism, is fitted between it and the reservoir and
02 pump. One Pirani element is fitted in the vacuum system
between the tap and the DR1 pump, and two on the other side.
These elements are each connected in the bias circuit of an a.c.
operated thyratron, the anode circuit of which includes the heater
of a high-vacuum switch. Potentiometer controls vary the
operating points of the thyratrons, one to set the point at which
faulty vacuum conditions require the removal of power from the
equipment being evacuated, one to ensure that the rotary tap is
not opened unless the DR1 pump has established a low pressure,
and two to set the limits of pressure between which the reservoir
is to operate. These are shown in the control unit to the left of
the pumping plant proper.

(2.2.4) Conditioning Equipment.
In order to reduce the time taken by a demountable valve to

attain stable operation at its normal voltage, the electrodes are
usually first submitted to a conditioning process. In the C.H.
Transmitters, the valves were provided with means for bom-
barding control and screen grids for this purpose, whilst the
anodes were conditioned with the normal h.t. supply, usually by
running the transmitter with gradually increasing h.t. voltage.

In the case of the Type 43 tetrode, for example, four or five
hundred watts were dissipated in the control grid by the appli-
cation of about 400 V r.m.s. from a transformer provided for the
purpose. In order to bombard the screen grid with the required
one or two kilowatts, it was necessary to apply an in-phase bias
on the control grid at the same time, to obtain enough current.
A switch selected suitable tappings for these operations, and a
system of plugs and links minimized the chance of damage to
instruments, etc., during conditioning.

(2.3) High Frequency Circuits
The use of Type 43 tetrodes dispensed with any necessity for

neutralization, so that the h.t.-circuit problem became one of
providing simple resonance, for grid and anode of each stage, for
each of the four frequencies. The conversion of the SW5 valve
to pulsed oscillation rendered the drive-amplifier grid circuit
somewhat complex, since it was considered expedient to utilize
a single circuit for oscillator and grid tuning, giving mechanical
simplicity at the expense of oscillator efficiency.

Fig. 10 shows the circuit arrangement after two of the fre-
quencies had been dispensed with. It well be seen that both
stages are arranged in push-pull relation, except for the oscillator,
tuning inductances being connected between anodes or grids and
carrying the d. c. potential of the electrodes. D.C. feeds were
taken to centre-points on the inductances, and feeders tapped
on to them through blocking condensers.
(2.3.1) Anode Circuits.

Of the various possible arrangements, one was chosen in which
a pair of selector-switch arms connect one of four inductances
between the anodes, whilst a variable condenser is automatically
adjusted to a pre-set value. At the time when the switch arms
were developed, it was expected that only one frequency would be
in the 55-Mc/s region, the others being below 30 Mc/s. Since
the total inductance required to resonate the anode circuit to 55
Mc/s was about 0*3/xH, special arrangements were made for
this frequency.
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For convenience in demounting, it was desirable that the valve
anodes could be raised clear of the other electrodes without
disturbing the wave-change switchgear. To effect this, a bronze
casting was mounted on insulating pillars behind each anode and
the latter connected to them by broad flexible conductors which
could be readily detached.

A low-loss," li-in diameter ceramic shaft, entered the chamber
from the mechanism compartment, and passed through the
top of these castings which carried large-diameter spring-
loaded bearings for the switch arms. These were clamped to
the shaft and had a full travel of nearly 180°. They can be seen
in Fig. 6 in the uppermost of the four positions provided. The
frequencies were arranged in order of magnitude, the lowest at
the top, so that the 55-Mc/s position was near the lower end of the
anodes.

In order to resonate the anode circuit at 55-Mc/s,aninductance
such as that formed by a straight strap joining the lower ends of
the anode together was required. To obtain this effect in com-
bination with the normal operation of the inductance-selector in
the other three positions, the switch arms, which were made 3-in
wide in the plane of rotation to keep their loss reasonable when
carrying several hundred amperes, were also given a width of
about 4-in parallel with the shaft. In the top position, as can be
seen in Fig. 5, these wide blades entered a suitably-dimensioned
pair of jaws, connecting them to the inductance fixing-clamps.
In the lowest position, however, the blades take up a position
between the two castings, each of which is provided with a contact
surface which engages the outside faces of the arms at their lower
ends, whilst contact fingers connected by the inductance strap
required for 55-Mc/s tune, press against the inside faces. In
this position, therefore, the arms become, effectively, one with
the anodes and their associated castings, and the two assemblies
are bridged by the short, wide strap. In the other positions the
space vacated by the arms is sufficient, owing to their considerable
axial width, to provide working clearance between each anode
and the contact fingers.

Since the valves themselves utilized silica as h.f. insulation, it
was desirable that other insulation should be equally effective.
To avoid the use of cements, etc., and to provide a mechanically-
adjustable and sound assembly, the structural insulators carrying
the anode castings and the inductance-selector jaws were in the
form of low-loss ceramic pillars of 2^-in diameter, ground to
a sufficiently close tolerance to permit clamping with accurately-
machined split castings. The pillars carrying the four pairs of
inductances, which are visible above and between the valves in
Fig. 5 were over 4 ft 6 in long.

The variable capacitance tuning the anode circuit was provided
by two condensers located between the anodes and the sides of
the chamber. The wide frequency range made it desirable to
use a condenser of which the rate-of-change of capacitance
could be varied. For this reason, and because it was expected
that the anode voltage would be considerable, a variable-gap
design was used. This is shown clearly in Fig. 5. A stationary
plate was fitted to each anode casting, and a link mechanism
provided to support and operate a moving plate of the same
shape and size, parallel to the fixed plate. A single transverse
shaft, entering from the mechanism chamber, operated these
two plates simultaneously, through skew gears.

To give a low-impedance path for the current charging the
moving plates, the space between its lower edge and the bottom
of the chamber was filled with a copper sheet of the same width,
and the two hinge-limbs bridged by a number of contiguous foil
strips.

The assembly gave a satisfactory tune on all frequencies,
and its "sharpness" could be varied by adjusting the in-
ductances.

(2.3.2) Grid Circuits.
The grid circuits of the drive-amplifier and output-amplifier

stages were originally almost identical. The conversion of the
SW5 valve to pulsed oscillation instead of amplification made
changes necessary.

The capacitance of the valve control-grids to earth being about
80 /x/xF each, it would have been very difficult to provide a pre-
selected inductance of low enough value to give a 55-Mc/s tune.
Since the voltages were relatively small, it was possible to use a
series-tuned condenser for the higher frequencies. As in the
anode circuits, the same condenser was used for all wavelengths,
and the design also utilized variable spacing; in this case, however,
the plates, of which there were two fixed and one moving, were
given deep corrugations, so as to increase the maximum
capacitance.

Wave selection was carried out by a four-pole knife switch,
one blade being hinged on each grid terminal, and one on each
fixed condenser-plate. The four blades engaged jaws mounted
on the back of a Mycalex panel, fitted behind the grid-chamber
doors. The jaw fixings also provided terminal studs on the
front of the panel, and on these studs the four inductance com-
binations were mounted.

For the 20-30-Mc/s band the parallel arrangement was used,
and to obtain this straps were fitted to the outside pairs of studs,
with a tuning coil between the straps. For the series condenser
circuit, used between 43 and 55-Mc/s, inductances were sub-
stituted for the straps, and a centre-tapped h.f. choke for the
tuning coil.

Bias was taken to the centre of the tuning coil in one arrange-
ment and to the choke tapping in the other. The feeders from
the drive stage were anchored to the outside edges of the same
panel, one pair for each wavelength, and adjustable tappings
taken from these to appropriate points on the coils.

(2.3.3) Drive-Stage Grid Circuit.
This was similar in arrangement to the output-stage, but was

modified so that it would operate both as a grid circuit for the
drive amplifier and also as an oscillator circuit.

(2.4) Control Circuits
The general principle adopted in the control of these trans-

mitters was that all major supplies could be switched from the
control desk, the only exceptions being the push buttons and
rheostats for the filaments of the continuously-evacuated valves.
These were adjusted from the front panels of their respective
cubicles since it was essential that the maximum amount of
resistance be in circuit when switching on cold filaments. The
rheostats were provided with end contacts interlocked with the
appropriate contactors. The main panel on the control desk
had push buttons controlling the water-circulating pumps, the
water-cooler fans, the bias power unit, the screen-grid power
unit, the modulated-oscillator power unit, the main h.t. supply
and the vacuum pumps. Signal lamps indicated that the water-
flow relays were operative in each of nine water circuits and also
that the vacuum plants were functioning satisfactorily. Wave-
length selection was by push button, the waveband in operation
being indicated by illuminated numbers. Instruments on the
desk indicated phase voltage and current on each of the three
phases of the supply as chosen by a selector switch, voltage and
current supplied to the valve electrodes during "conditioning,"
and main h.t. voltage and total mean current. Circulating-
water temperature and pressure were also indicated.

An auto-transformer with fine and coarse tappings was
mounted in a drawer at the right-hand side of the control desk
and fed either the "conditioning" transformer or the main h.t.
rectifier transformer mounted behind the front panel of the
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output stage. These controls, as well as the emergency push
button which tripped out all the contactors, can clearly be seen
in Fig. 2. Some of the control desk push buttons were duplicated
on the transmitter panels to facilitate servicing.

Overload relays of the conventional type protected most of
the circuits under fault conditions and mechanical interlocks
using Yale-type keys ensured that all supplies were switched off
and high-voltage points earthed before any of the cubicle doors
could be opened, with the exception of those associated with the
vacuum plant where all the wiring was adequately enclosed.

Since the mean d.c. current taken by the valve electrodes under
pulse conditions was very low, considerable errors could have
been introduced by leakage through the cooling-water hoses
and this was obviated on the panel instruments by fitting guard
electrodes in each of the water channels. Hour-meters were
provided in each demountable valve circuit to record filament
life.

(2.5) D.C. Power Supplies
The mean power taken by the transmitter being small, it was

convenient to build the four rectifier units into the transmitter
cubicles.

The bias unit, delivering 0-5 A at 750 V to a potentiometer
bank, utilized a pair of ESU75 rectifiers. The screen supply
unit, also feeding a potentiometer bank, gave 150 mA at 2 000 V,
and was fitted with ESU150 valves. Both these used the usual
single-phase centre-tapped circuit, the first delivering negative
and the second positive voltage with respect to earth. The
third unit provided between 1 and 4 mA at 6 000 V for the oscil-
lator anode, and employed two rectifiers type MU2 or U21 in a
voltage-doubler circuit.

The main h.t. unit, fitted with two ESU1500 hard rectifiers,
also used a doubler circuit. In this case the h.t. winding and the
two rectifier filament windings were all built into the same oil-
filled tank, and the valve holders mounted on insulators pro-
jecting from the tank top.

The half- and full-voltage reservoir condensers were located
below the output-stage anode chamber, and the h.t. feed was
taken through resistances to further reservoir condensers in
drive and output cubicles. These capacitances provided the
high current pulses required by the valves.

(2.6) Cooling System
Water cooling being necessary for the operation of the trans-

mitters, it was important that a reliable self-contained system
was provided which would give a large factor of safety both
from the point of view of the minimum requirements of the
transmitters and of possible breakdown of or damage to
component parts.

As with the transmitters, the cooling system was duplicated.
Although the minimum flow was less than 4 gallons per minute,
a 1 500 gallon reservoir tank, located in a pit under the floor,
was provided for each set, so that a considerable reserve existed

against leakage, and so that water cooled during the night could
be used to reduce the temperature peaks occurring in very hot
weather.

The tanks were initially filled with distilled water and samples
taken after five years of service showed the reasonable conduc-
tivity of 12*5 reciprocal megohms/cm2/cm.

(3) PERFORMANCE
In their final form all operational transmitters produced a

pulse power of at least 600 kW at 36 kV h.t., an average figure
being 750 kW. During special tests, the h.t. voltage was in-
creased to 40 kV and outputs exceeding 1 MW were obtained,
but as this stressed certain components beyond their rating, an
h.t. voltage of 36 kV was not normally exceeded. These con-
ditions obtained when the output-stage filaments were run on a
basis which gave an average life of between 1 000 and 1 200 hours.

The power produced by the drive amplifier, measured at the
output-stage grids, varied between 80 and 100 kW peak, whereas
the output from the pulsed oscillator was about 1 kW. The
drive amplifier thus produced a power gain of about 100 times,
the valve emission not being fully utilized, whereas the output
stage gave a gain of about 8.

No difficulty was experienced in using the feed instruments
for tuning purposes, since even with only 300 V bias on the
control grid of the Type 43 valves, the anode current under
quiescent conditions was less than 0-5 mA.

The frequency stability of the set was of the order of ± 10 kc/s
at frequencies of about 20 Mc/s, once it had been allowed to
warm up. The good screening of the valves also made it possible
to adjust individual tuning controls, other than that of the oscil-
lator, without seriously affecting frequency. This freedom from
pulling rendered it relatively simple to adjust the transmitter to
operate efficiently on a given frequency.

The stability of the pulse wave-front was always good enough
in normal operation to be free from detectable jitter at the
receiver. During some tests of a special nature, a "sniffing"
oscillator was coupled to the SW5 valve, and the variation in
timing of the radiated wave-front was found to be less than 0 • 025
microsec.

The reliability of the stations as a whole reached a very high
level, and the time during which a station was out of commission
through a transmitter fault probably did not exceed an hour or
two per year. Even when damage occurred by enemy action,
operation was restored in a matter of hours.
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