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CHAPTER 1
INTRODUCTION

GENERAL

1. H2S Mk. IVA (ARI. 5715) is an X-band airborne radar equipment used for navigation
and blind bombing. The equipment employs a PPI display similar to that used in earlier marks
of H2S, but incorporating new features for the purpose of wind finding and more accurate blind
bombing. In the earlier H2S equipments the display takes the form of a circular *“ map ” of the
terrain beneath the aircraft, the position of the aircraft, represented by the centre of the PPI scan,
being at the centre of the map.  As the aircraft moves through the air the features of the PPI map
change in accordance with the land or sea scape below it. In H2S Mk. IV and IVA the same
type of display is used, but provision is also made for the display to be “ stabilised ” at will. When
this is done the map of the ground beneath the aircraft remains stationary and the centre of the
PPI scan moves across the display with the speed and track of the aircraft. This type of display
enables off-set bombing, and bombing in the absence of a signal from the target at the release point
to be carried out ; wind strength and direction can also be measured approximately.

2. H2S Mk. IVA is a modified version' of the H2S Mk. IV system, the chief modification
being the replacement of the electrostatic CRT by an electromagnetic type and corresponding
changes in the timebase circuits. ‘

3. H2S Mk. IVA uses scanning unit, type 109 which has a 5 ft. 8 in. lincar srray with a
cylindrical reflector and two-position adjustable tilt. Roll stabilisation of the scanner is not
provided in H2S Mk. IVA, but the equipment has been so designed that it can easily be added

at a later date if desired.

4. The bombsight Mk. XIV or XIVA and the air position indicator (API) Mk. TA are used
as integral parts of the equipment. The bombsight provides information on drift and bombing
angle, and the air position indicator on air miles travelled.

PPI DISPLAY

5. Some typical H2S Mk. IVA displays are shown in fig. 1 ;the new featurcs associated with
the PPI display are as follows :—
(1) Display of a true map representation of the ground below the aircraft.
(2) Display of the ground track of the aircraft.
(3) Display of the bomb release point.

(4) Stabilised PPI display permitting bombing in the absence of a signal from the target
and measurements of wind velocity and direction. '

Ground range display

6. In the early H2S equipments the PPI display was not a true map rcprescntation of the
ground below the aircraft. There were two reasons for this deficiency, the first being that the
Uimebase scan started at the same time as the transmitter pulse, resulting in a *“ hole ”” on the PPI
of radius equal to the range of the first ground returns. The second reason was that the scan
Was linear, resulting in a distortion of the map due to slant range and not ground range being displayed.

7. In H2S Mk. IVA the distortion of the map is removed by delaying the start of the scan

for a time corresponding to the height of the aircraft, then causing it to start rapidly and to approach

€ waveform it would have had if the scan had been linear and had started with the transmitter

Pulse : in other words, the scan waveform is hyperbolic. The amount of distortion introduced

Into the linear scan depends, of course, on the height, so that for every height a different hyoerbola
1S required,



BARRY ,, FLAT

STEEP HOLM

BRISTOL
CHANNEL

HEIGHT - 10.000 FT. HEIGHT:- 7.000FT.
SCALE:- Y2 M SCALE- V2 M

HEIGHT =~ 15000 FT. HEIGHT= 15,000 FT.
SCALE- 1M SCALE=~ Y2 M
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8. Automatic circuits in the equipment generate a pulse of length proportional to the height
of the aircraft, and the end of this pulse is used to tngger the scan generating circuits. An amount
of distortion, proportional to the length of the triggering pulse, is introduced into the scan wave-
form which would otherwise be linear. The result of the distortion introduced into the timebase
scan is that the PPI picture displayed is one of true ground range.

9. The scale of the PPI picture may be set to correspond to any one of four map scales, so
that distances measured on the PPI are equal to distances measured on the appropriate map. No
electrical range marker is provided, as in earlier marks of H2S: distances on the PPI can be trans-
fcrred to 2 map by means of a pair of dividers. The four PPI scales correspond exactly to the
3, 1, 1 and 2 million map scale series.  Since the useful radius of the CRT is about 2 in. the PPI
maps cover circular areas of approximately 8, 16, 32 and 64 nautical miles radius respectively.

Course and track markers

10. The course and track of the aircraft can be displayed on the PPI, a switch enabling the
desired marker to be selected. Constant north heading of the PPI picture is obtained in the same
manner as in earlier marks of H2S, that is by means of the DR compass repeater motor which
adjusts the setting of the magslip stators. When the scanner passes through the dead-ahead
position the course marker contact closes and causes the aircraft course to be shown as a radial
line on the PPI.

11. A second contact on the scanner is variable in position up to +40 deg. about the position
at which the course marker contact closes. The computer of the bombsight Mk. XIV controls
the position of this contact, and, when the correct wind information is fed to it, will offset it from
the course marker contact by an angle equal to the drift of the aircraft. The track marker also
appears as a radial line on the PPI and will show the aircraft’s ground track, allowing for
any variation in air speed or course, but not in wind.

Bomb release point display

12. A bombing marker is displayed on the PPI as a circle with centre at the start of the scan
and radius corresponding to the forward throw of the bomb. The point on the map at which the
track marker intersects this circle at any instant is the point at which the bomb would make impact
if released at that instant.

A

BOMBING TRACK
MARKER MARKER

h h sccP

G T PPI

Fig. 2—Bomb release point displa
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13. Let A (fig. 2) be the position of the aircraft at the given instant, G be the point on the
ground immediately beneath the aircraft, and T the point on the ground which the bomb would
hit if released at this instant. The angle GAT is callcc_l the bombmg angle and is dependent on
the aircraft’s height and ground speed and on the terminal velocity of the bomb in use. Infor-
mation on the size of this angle is fed to the H2S equipment from thp bomb31ght_ Mk. XIV. The
equipment combines this information with Fhe information on the height of the aircraft to produce
a pulse at a time h sec /§ after the transmitter pulse. This signal represents an echo from the
theoretical point T whose slant range is h sec §. Occurring on every timebase this signal appears
as a marker ring (the bombing marker), showing all the points whose slant range is h sec £; but
the point T is, of course, the point at which the track marker intersects the bombing marker. Due
to the corrected scan the radius of the marker ring will represent the ground range of the theoretical
rarget T, and when bombing, it is only necessary to wait until the actual target is aligned with the
intersection of the track and bombing markers to release the bomb. This is referred to as the

bomb release point.

Stabilised PPI display

14. Normally, the ground, as seen on the PPI, is moving over the face of the CRT in accord-
ance with the ground speed and track of the aircraft, while the centre of the scan, representing
the aircraft position, remains at the centre of the tube with the bombing marker round it and
the track marker originating from it. If, starting from a fixed reference time, the deflection coils
of the CRT are fed with shift currents which are proportional to the N-S and E-W components
of the ground distance travelled by the aircraft, the resultant will oppose the normal shift of the
picture. Then, from that time onwards, the PPI picture of the ground will remain stationary
while the centre of the scan will move over the tube face in accordance with the ground track of
the aircraft, taking with it the bombing and track markers. This type of presentation is known
as a stabilised PPI display.

15. The method by which this display is obtained is as follows. The air position indicator
Mk. IA supplies the equipment with information, in the form of M-type transmissions, on the
air miles travelled in N-S and E-W components. The equipment converts these M-type trans-
missions into shift currents, and feeds them to the deflection coils of the CRT. The relation
between the API drive and the shift currents gives an exact correspondence between air miles
ravelled and shift'in miles as seen on the PPI.

_16. In the absence of wind the above system would provide complete stabilisation of the
display. To allow for wind, however, an additional shift of the correct sense has to be applied.
The equipment generates two voltages which, if applied as shift currents to the deflection coils
of the CRT, would shift the scan centre by an amount corresponding to a wind whose N-S and
E-W components were 100 Knots. These voltages are actually applied across a pair of * wind
rate ’ potentiometers, one associated with wind N-S and the other with wind E-W. ~ The potentio-
meters are calibrated and enable any desired amount of the 100 knots wind voltages to be selected.
The outputs from the sliders are converted to shift currents and fed to the deflection coils of the
CRT. Thus if the correct wind components are set on the wind rate potentiometers the PPI
picture will again be completely stabilised. ~ Fig. 3 shows four views, taken at intervals of approxi-
mately 1 minute, of the PPI when stabilised.

17. Two co-ordinate shift potentiometers, calibrated in nautical miles, are also provided;
these enable the PPI map to be shifted by any definite distance.

18. A switch enables the PPI picture to be moving or stabilised but the stabilised picture
€an only be maintained for five minutes.

USE OF THE STABILISED DISPLAY
19. The ability to stabilise or * freeze ”” the PPI display permits of :—
(1) Wind measurement.
(2) Bombing in the absence of a signal at the release point.
(3) Co-ordinate bombing.



L3S CARD‘FF

CLEVEDO

<

Fig. 3.~—Stabllised display



This leaf issued with A.L. No. } A.P.28900(2), Vol. I, Purt |, Chap. 1
March, 1947

wind measurement
20. If the PPI picture does not remain stationary when st_abilised ghere is an error in the
setting of the wind rate controls. The amount by which the picture drifts over a definite time

;s a measure of the error in the wind estimation.

21. The method of measuring wind is'as follows. The wind rate controls are set to zero,
or, preferably, in accordance with the best available knowledge of the wind, for example, a Met.
wind or wind determined from API and Gee or H2S fixes, if these can be obtained. A signal
(normally one ahead of the aircraft) is selected on the PPI, and this signal is moved by means of
the manual shift controls to coincide with cross wires in the centre of the perspex scale covering
the front of the CRT ; at the same time the PPI picture is stabilised. If the wind was incorrectly
estimated, the signal will drift away from the cross wires. At the end of the run, which cannot
exceed 5 minutes and may be less if the air speed is greater than 200 knots, the signal is recentred
by means of the wind controls thus setting the correct N-S and E-W components of the wind just

measured.

22. Alternatively, instead of allowing the signal to drift for the maximum time and then
resetting the controls to recentre it, it is possible to use a decay method of measurement by making
continual adjustments to the wind controls during the run, so as to keep the signal central.

23. When the wind has been found as described above it is converted to * indicated,” changed
from cartesian to polar co-ordinates, and set into the bombsight by the operator. This ensures
that the track marker is offset from the course marker by the correct drift angle.

Bombing in the absence of a signal at the release point

24. Assume that the wind strength and direction have been correctiy determined and that
the wind rate controls have been set correctly so that the picture can be completely stabilised. The
aiming point In a target can usually be observed most favourably at a range of between 7 and 10
miles ; at shorter ranges the signal from the target does not show as a coherent whole but as individual
returns from different parts of it and the required aiming point becomes indefinite. When the
required aiming point is identified at the optimum range it 1s moved, by means of the calibrated
shift controls, untl it coincides with the cross wires at rhe centre of the tube and the picture is
stabilised. From this time onwards the aiming point will remain stationarv at the centre of the
tube face and it is immaterial whether it later becomes a more indefinite signal or whether it
filsappears entirely. The cross wires mark the aiming point and the bombs are released when the
Intersection of the track and bombing markers coincides with the cross wires.

25. An added advantage of this type of display is that considerable tactical freedom exists
once the aiming point has been placed at the centre of the PPI and the picture stabilised. It is not
necessary to fly straight and level in order to avoid losing sight of the aiming point on the PPI.

Co-ordinate bombing

26. This method of bombing is used when the required aiming point does not give a response
or when the response is very poor. Suppose that P in fig. 4 represents the target and that it is at
2 known range and bearing from the reference point Q which gives a good response ; this range
and bearing can be converted into N-S and E-W co-ordinates, for example, 2-7 nautical miles South
and 9-2 nautical miles East. The signal from the reference point is first identified and is moved to
coincide with - the cross wires (see fig. 4c) by the shift controls and at the same time the picture is
stabilised. Suppose that, after this has been done, the readings on the shift controls are 6 -3 nautical
miles North and 1 -2 nautical miles West. The settings of the shift controls are now altered by the
required amounts of 2 -7 nautical miles South and 9-2 nautical miles East thus placing P (although
Invisible) at the intersection of the cross wires instead of Q (see fig. 4d). Applying this alteration to
the existing shift readings (63 nautical miles North and 1-2 nautical miles West) gives new shift
control readings of 3-6 nautical miles North and 8-0 nautical miles East. The bombs are released
th{hen the intersection of the track and bombing markers coincides with the cross wires as shown in
1g. 4e.
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METHOD OF WORKING

introduction

A brief description of the method of
working of the H2S Mark IVA equipment
is given In this chaptc_er. To facilitate a
conception of the equipment as a whole
no reference is made to the units into which
it is divided. For a full circuit description
reference should be made to later chapters
of this document which describe the
individual units in detail.

9. Fig. 1 is a block schematic of the
equipment showing the stages into which
it can be divided; fig. 2 to 6 (inclusive)
are simplified waveforms developed by
some of these stages.

Transmittér chain

3. A multivibrator, known

as the priming pulse generator,

is the master timing circuit of A
the H2S Mark IVA equip-
ment. A locking circuit is

used to control the PRF of

this multivibrator by develop-

ing a trigger pulse from the g
80 V. AC supply. The locking
circuit counts down from the
supply frequency at a rate of ¢
two to one on the }, % and

IM ranges of the equipment,

of four to one on the 2M range

and of six to one for beacon TRANSMITTED
operation. As the nominal © sed sowea
frequency of the supply vol- 33-asaw
:;ge 1s 2,000 c/s the PRF of

e trigger pulse (and, there- oUTPUT FROM

fore, of the multivibrator) is €

1,000 p.p.s. on the 1,3 and 1M GENERATOR
ranges, 500 p.p.s. on the 2M
::tgel’ ;lnfd 3%5 p.p.s. (approxi-

ely) tor beacon operation. WAVEFORM OM
The multivibrator outpput con. [ e
Sists of a 20-microsecond
Square wave (fig. 2, inset A) ;
all the measuring circuits in INPUTTO QRID
the equipment are timed from G Masurien

the back edge of this primi
; , primin
{)i?nlse Which is regarded a.g;
€ "0 (g2 e seq.).

"‘ A negative 20 us output from the
Pfiming pulse generator is fed to the
modulator trigger valve and causes it to
Produce 3 high potential short duration

Pulse at time " O (fig. 2, inset B). This

PRIMINGPULSE
AMPLUITUDE SOV.

TRIGQER PULSE
AMPMITUDE 3KV,

MODULATOR
OUTPUT
AMPLTUDL 37KV,

SUPPRESSION

latter pulse is used to trigger a spark gap
to initiate the formation of a } xs¥3-6 kV
modulating pulse (fig. 2, inset C) which is
stepped up to 14 kV by a pulse transformer
and applied to the cathode of 2 magnetron
transmitting valve.” The % us®puise of
energy from the transmitting valve, at a
wavelength of 3 cm. (fig. 2, inset D), is
fed through a waveguide system to the
scanner array.

5. The scanner array has a high azimuthal
definition and the direction of maximuml
radiation can be set at 3 or 10 degrees
down from the horizontal. The speed of
revolution of the scanner can be varied
betwen 30 and 60 r.p.m.(4.L. I8

TIME-20 ]

| &

I

!

|
M
I -"4-' MICROSECOND
i
| I

|
' mcnos:'cowo

_F_

IMPRESSION

SUPPRESSION
GATY CONTROL.

Fig. 2. Simplified waveforms (1)

Recelver chain

6. Signals received by the scanner array
are fed through the TR cell to the rrystal
mixer. The same waveguide system is

*The length of the modulating pulse, and consequent-
ly of the transmitter pulse, isincreased to 1 uson the
"2M scale and to 2} us for beacon operation.(4.L.18)



used to feed the transmitter pulse to the
scanner and the received signals from the:
scanner to the mixer. The TR cell prevents
the transmitter pulse from entering the
receiver branch arm of the waveguide and
thus damaging the crystal mixer. An anti-
TR cell prevents the returning signals
from being lost in the transmitter branch
arm of the waveguide. The crystal is fed
with a continuous UHF oscillation from a
local oscillator so that the signals are
heterodyned to an intermediate frequency
of 45 Mc/s.

7. The local oscillator frequency is de-
termined by the voltage applied to its
reflector and this is variable for tuning
purposes. A subsidiary crystal is used to
mix an attenuated output of the transmitter
valve with the local oscillations and the
result of this heterodyning is fed to a
discriminator circuit. If the resultant
frequency differs from 45 Mc/s (the correct
IF) the discriminator alters the voltage
fed to the reflector of the local oscillator
until the intermediate frequency is correct.
In this manner the difference between
the local oscillator and transmitter (and,

9 D B3

|-
|
|

TIME

A SICNALS FROM i
VIDEO AMPLIFIER

1]

INPUT  TO

MARKER
AMPLIFIER

i
RANCE
“ARKERT

therefore, the signal) frequency is kept
constant at 45 Mc /s and no signals are lost
through bad tuning. A subsidiary local
oscillator is provided which can be used
for receiving beacon signals. Manual tuning
of either of these oscillagors is possible but
only the signal local oscillator can be tuned
automatically.

8. After two stages of IF amplification in
the head amplifier the signals are fed to
the main five-stage IF amplifier. The gain
of the first three stages of the latter is
controlled by feeding a variable voltage
(—70 to 0 V.) to the suppressor grids. This
voltage can only be varied by the operator
after the time of reception of the first ground
return. Before this time the value of the
voltage fed to the suppressors is determined
automatically as detailed in subsequent
paragraphs.

9. An output from the priming pulse
generator is fed to the suppression generator
which produces a pulse similar to the
priming pulse but reversed in phase and
delayed by approximately one microsecond.
This waveform (fig. 2, inset E) is fed to the
suppressor-grids of the first
three stages in the main IF
amplifier, reducing the gain
to zero for a period of 20 us
overlapping the transmitter
pulse, and thus preventing
damage to the IF amplifier
due to breakthrough of the
transmitter pulse. The pur-

hsec p

y!

I HEICHT |
l : mnxsnw

C SICNALS AND
MARKERS

MARKER

! pose of the delay is to allow
for the time lag of the trans-
mitter pulse behind the prim-
ing pulse. A pulse from the
height marker generator is fed

W to the gain control valve and
CROUND RANCE ensures that the gain of the

RETURN

IF amplifier is maintained at
maximum from the end of

ANODE RUN

DOWN
D OF STROBE
SEARCHING
CENERATOR

- -

—-::::: the suppression pulse until the

time of reception of the first
ground return (time ‘“ h ") by
holding the suppressor grids
at zero volts ; the reason for
this is given in para. 17. The
combined gain and suppression
waveform is shown in fig. 2,
inset F.

| SR 71T}
e 13/ |0.

The signals at the inter-
mediate frequency are fed to

et 38 SECY

Fig. 3.

Simplified waveforms (2)

a diode second detector, the
video frequency output of
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i . 2, inset G) is fed to
:v 1\Irli‘csilci.o(ﬁagmpliﬁer and, thence,
to the signal and marker mixer
stage. The markers are mixed
with the signals on the anode
load of this stage which Is com-
mon to the marker amplifier
stage (see para. 14). The signals
and markers (fig. 3, inset C)
are fed to the strobed rectifier
drive stage (see para. 15), and

PRIMING puLSE

ANODE RUN DOWN
OF MARKER
DELAY GENELRATOR

(outpur 1O

L0 t0 A-id

CENERATOR SHOWN
TMUS __.._)

to the signal and marker out-

put stage. Outputs from the
signal and marker output stage

are fed to the three display C
systems of the equipment.

To serve the main PPI display

the signals and markers are

fed through a video amplifier D
to the grid of the CRT.

QUTPUT

OUTPUT

Marker circuits E

I1. A self-triggered Miller
circuit, known as the strobe
searching generator, produces F
a linear voltage run-down on
its anode (fig. 3, imset D).
Theé value of this voltage at
any instant (known as the
“3h" potential) determines
the time of preduction of the
height marker. When the

PULSE

strobe searching generator is not affected by

the strobed rectifier drive stage (see para. 15)
the run-down of its anode voltage is such
that the variation in the time of production
of the height marker corresponds to a
variation in height of from 3,000 ft. to
27,000 ft. during the run-down period of
35 seconds.

12. The “3n" potential is applied across
the ends of a stud potentiometer having
1ts elements graded according to a secant
law. The . position of the slider of the
Potentiometer is controlled by the bomb-
ilght _computer so that it represents the
ombing angle (8) at any instant; the
Vo,!tage on the slider is consequently “h sec
"-h“Two Vvoltage outputs corresponding to
and ““h sec " are fed from the secant
Potentiometer to the trigger-oft stage. (4.L.18)

13. The height and range marker
gener-
:;:’SS? of the H2s Mark IVA equipment
o blStt;)lf ﬂlp-ﬁop circuits which are switched
e Y the trigger-on stage. An output from
Priming pulse generator is fed to the
a

HEIGHY MARKER
GENERATOR
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Fig. 4. Simplified waveforms (3)

trigger-on stage, which passes the negative
back edge (corresponding to time “Q ")
to trigger the marker generators.  The
generators are switched off by the combined
action of the marker delay generator and
the trigger-off stage. The marker delay
generator is a Miller stage, the anode run-
down of which is initiated by the range
marker generator at the same time as the
latter is triggered (that is, at time “O ).
This voltage run-down (fig. 4, tnset B) 1s
fed to the cathodes of a double diode which
forms the trigger-off stage. The anodes are
fed with the “h” and “ h sec g8’ voltages
and are connected to the height and range
marker generators. When the voltage run-
down on the cathodes reaches the “h”
potential one half of the diode conducts
and switches off the height marker generator.
The run-down continues until the ‘“h sec
B’ potential is reached when the other
half of the diode conducts and switches off
the range marker generator. The range
marker generator then terminates the run-
down of the marker delay generator. The



outputs from the height and range marker
generators consist of positive square waves
beginning at time ‘““O” and ending at
at times “h " and “ h sec g respectively
(see fig. 4, insets C and D).

14. The negative square waves from the
screen grids of the marker generators are
fed through a delay network to the grid of
the marker amplifier. The delay network

differentiates the square waves to. give a

negative pip at time “O” and positive
pips at times “h” and “h sec £ (fig. 3,
inset B). The marker amplifier removes
the negative pip but passes the positive
pips. The anode load of the marker
amplifier is common to the signal and
marker mixer and consequently the markers
are fed with the signals to the signal and
marker output and strobed rectifier drive
stages. (see para. 10).

15. The “O-h’ positive square wave,

from the anode of the height marker
“generator is differentiated by a delay
network and fed to the strobe amplifier
which produces a 0-5 us negative pulse at
time ‘“h.”” This pulse (fig. 4, inset E) is
applied to the strobed rectifier circuit and
causes it to operate for the period of the
pulse. The strobed rectifier acts as a bridge
circuit, one end being fed with signals from
the strobed rectifier drive stage (sec para.
10) and the other being connected to the
grid of the strobe searching generator.
The bridge only conducts for the period of
the strobe and, in consequence, signals
arriving outside this period have no effect
on the grid of the strobe searching generator.
The anode run-down of the latter stage
continues, and the time of formation of the
strobe relative to time * O’ gets later
until eventually the strobe pulse renders
the bridge conducting at the same time as
the first ground return is fed to it from the
strobed rectifier drive. The action of the
circuit is then to arrest the run-down of
the strobe searching generator, and the
“3h " potential at its anode will be pro-
portional to the height of the aircraft. The
strobe pulse will lock on to the front edge
of the first ground return and, if the height
of the aircraft varies, the strobe range will
vary with it. In this manner it is assured
that the height marker generator is triggered
off at a time (" h ") corresponding to the
height of the aircraft and similarly that
the range marker generator is triggered off
at a time (“h sec #”) corresponding to
the slant range of the target.

16. The strobe searching generator can be
controlled manually as well as by the
strobed rectifier. When the AuTO /MANUAL
switch is in the manual position the grid of
the strobe searching generator is- dis-
connected from the strobed rectifier and fed
instead with a variable voltage from the
manual height control. This voltage will
determine the voltage at the anode of the
strobe searching generator, and consequently
the time of formation of the height marker.
In the event of a fault in the strobed rectifier
the manual height control can be used by
the operator to set the height marker on
the first ground return.

17. It is essential to ensure that the gain
of the IF amplifier is at maximum from the
end of the suppression pulse until time
““h” so that the first ground return may
be as large as possible for the strobe to lock
on. This is achieved by feeding a positive
“O-h"” pulse from the height marker
generator to the gain valve which holds
the suppressor grids of the first three IF
stages at zero volts for the period of the
pulse.

Timebase circuits

18. The “O-h sec £’ Yange marker
generator pulse, used to switch the .marker
delay generator on and off, is fed by the
latter stage to the ““ —20 to h-10" pulse
generator. The anode run-down of the
marker delay generator is DC-restored to a
level 10 V. below its original value and fed
to the cathode of a diode, the anode of
which is held at the “h” potential and
coupled to the grid of the “ —20 to h-10""
pulse generator. Due to the change in.the
DC level of the run-down waveform a
potential corresponding to time ‘““h” at
the anode of the marker delay generator
will correspond to a time ‘“ h-10"" at the
cathode of the diode. Thus the **—20
to h-10 "’ pulse generator is switched on at
time “ O " by the “ O-h sec #” pulse and
off at time * h-10 " when the run-down at
the cathode of the diode enables it to
conduct and so to cut off the generator.
The resulting *“ O to h-10"" pulse at the
anode of the generator is mixed with an
output from the priming pulse generator
to produce a ‘“ —20 to h-10"" pulse. The
10 us time advance is introduced to allow
for delays in the scan-generating circuits
so that the actual trace on the PPI tube
will start at time ‘‘h.”

19. The **—20 to h-10" pulse (fig. 4,
tnset F) is fed to the scan trigger pulse
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magslip stators consist of
current waveforms similar to
those at the input to the rotor
but modulated in quadrature
at the aerial rotation fre-

SCAN

B WAVEFORM
GENERATOR
OUTPUT

INPUT TO
C ONE END
OF MAGSLIP
ROTOR

quency. These outputs are
stepped-down in amplitude by
transformers to decrease dis-
tortion arising in the cable
which feeds them to the in-
dicator. The waveforms are
stepped-up in amplitude by
transformers in the indicator
and applied to the deflection
coils of the PPI to produce
a rotating radial timebase.

22. The CRT wused as the
plan position indicator em-
ploys electro-magnetic deflec-
tion and electrostatic focusing.
A negative square wave (fig.
5, inset D) from the scan wave-
form generator is fed to the
cathode of the CRT and
brightens up the tube for the
duration of the working stroke

BRAICHT upP
WAVEFORM TO

CAY GRID

Fig. 5. Simplified waveforms (4)

output stage and thence to the scan wave-
form generator. For test purposes, instead
of the *“—20 to h-10" pulse, an output
from the priming pulse generator can be
fed to the scan trigger pulse output stage.
This procedure is used for setting-up as
the PPI trace will start at time “ O " and
the timing of the height marker can be
checked on the PPI.

310- The scan waveform generator pro-
uces a timebase waveform which com-
;nence.s at time ‘“ h-10"" and is corrected
or height, so that, although the equipment
gl_easures slant range, true ground range is
ci’:PI?Yed on the PPI. By switching
o cuit components the duration of the scan

aveform can be varied to give timebases

CO; .
s‘c:‘i';':ss.pondlng to the }, 4, 1 and 2M map

%‘!d tThe scan waveform (fig. 5, inset B) is
COnvo the scan output stage where it is
o }frted to a current waveform and fed
€ rotor of the magslip in the scanner

€. S, inset C). The output from the

—-—L-——-“v
90v

of the timebase scan.
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Course and track markers

23. Constant north heading

of the PPI is obtained by

means of the DR compass
repeater motor which adjusts the setting
of the magslip stators. When the scanner
passes through the dead-ahead position the
course marker contact closes and alters the
bright-up circuit of the PPI so that at
least one radial timebase is brightened
(fig. 5, inset D). Thus, the course of the
aircraft appears as a radial marker on the

PPIL

24. On the scanner, a second contact,
known as the track-marker contact, is
variable in position up to 4 40 degrees
about the position at which the course
marker contact closes. The position of the
track-marker contact is determined by the
bombsight computer so that the angle
between it and the course marker is equal
to the drift of the aircraft. The bombsight
computer automatically determines drift
having previously had wind information set |
into it. The track marker is displayed on
the PPI in the same way as the course
marker, the desired marker being selected

by a switch. (4.L. I8)



25. Normally the position of the course
and track markers .is automatically de-
termined by the DR compass and bombsight
respectively. Manual control of the markers
for setting-up purposes is provided by a
hand-operated M type transmitter and a
three position switch labelled “‘SET CoursE,"”
““ NormAL,” and ““ SET Track.”

Stabilised display circuits

26. The air position indicator Mark IA
supplies information, in the form of M-type
transmissions, on the air miles travelled
in N-S and E-W components. When the
stabilised picture is switched on, the wipers
of two potentiometers, which are connected
across a + 40 V. stabilised supply, are
driven by two M-type motors connected to
the API drive. One potentiometer is
associated with the N-S component, and the
other with the E-W component, of the air
miles travelled. In their rest positions the
wipers are at zero volts and, when driven,
rotate in a negative or positive direction
(in terms of voltage) depending on whether
the APl drive is N or S and £ or W. Thus
the voltages on the wipers are proportional
to the air miles travelled on cardinal head-
ings from the reference time at which the
stabilized picture was switched on.

27. The air miles voltages are fed to two
DC-shift amplifi.rs which convert the volt-
ages to currents and feed them to the
deflection coils of the PPI. A voltage input
to one amplifier results in an E-W or hon-
zontal shift of the picture and to the othe.,
in a N-S or vertical deflection of the picture,
The voltage limits on the air-miles potentio-
meters and other circuit components are
so chosen that there is an exact corres-
pondence between the air miles travelled
as recorded by the API and the shift of the
PPI picture.

28. To allow for wind, which must be done
in the form of wind miles travelled, ad-
ditional voltages must be fed to the shift
amplifiers. These voltages are obtained as
follows. A double ganged potentiometer
known as the ** wind miles ''-potentiometer,
has a pair of wipers driven at the same
speed by a constant-speed ratchet motor.
The potentiometer is connected across
a balanced supply and the junction point of
its two elements is earthed. [n their rest
positions both wipers are at the junction
puint of the two elements and are con-
sequently earthed. When the stabilized
picture is switched on, the ratchet motor

rotates and drives one wiper in a negative
direction’ (in terms of voltage) and the
other in a positive direction ; at any instant
the voltages on the wipers are balanced
about earth. At the end of 5 minutes the
ratchet motor has driven the wipers to the
limits of their travel and the voltages on
them will be + 20 V. and -—20 V. If the
voltages on the wipers were fed to the DC
shift amplifiers the variation of from 0 to
+ 20 V. and from 0 to —20 V. would
cause the picture to shift by an amount
corresponding to the drift experienced by
the aircraft for 5 minutes with a wind the
components of which were 100 knots.
Actually two wire-wound potentiometers,
known as the “ wind rate "’ potentiometers
are connected in parallel across the wipers
of the wind-miles potentiometer. The
wind-rate potentiometers are calibrated in
knots from 0 to 85 in both directions about
their mean positions. The position of the
wipers is controlled by the operator and the
voltage outputs from them are fed to the
DC-shift amplifiers, thus causing N-S uand
E-W shifts.  When the wipers of these
potentiometers are in their central positions
there will be no output to the shitt ampli-
fiers as the ratchet motor rotates, since
the voltages at each end of the potentio-
meters are balanced about earth. At any
other setting the wipers pick off positive or
negative fractions of the varying voltage
from the wind-miles potentiometer.  These
voltages, when applied to the shift am-
plifiers consequently shift the PPl picture
by a fraction of the shift which would be
caused by the wind-miles potentiometer.
By a suitabie choice of circuit components
it 1s arranged that the shift corresponds to
the drift of the aircraft due to a wind having
the N-S and E-W components which provide
the settings of the potentivmeters. ((1.1.. /8)

29. If the correct wind components are
set up on the wind-rate controls the shift
introduced by the wind-miles and air-miles
voltages will oppose the motion ¢ the PPI
due to the aircraft ground speed to give a
stabilized picture. This stabilized picture
can only be maintained for a maximum of
5 minutes as, by the end of that time, the
wipers of the wind-miles potentiometer will
have reached the end of their run.  The
duration may be shorter if the airspeed is
large as, then, the wiper of one of the air-
miles potentiometers may reach the end of
its travel in less than 5 minutes. In any
event the wiper first reaching the end of
its run will spring back to its rest position
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at the same time resctting all the other
wipers. An orange warning lamp lights up
when any one of the wipers s appruachgng
the end of its travel. The maximum warning
time 1s 30 scconds, the minimum 19
seconds, if the airspced never excceds 400
knots.

30. Two other variable voltages are fed
to the DC-shift amplificrs from the co-
ordinate shift controls.  These controls are
calibrated in nautical miles and cnable the
PP1 picturc to be shifted” by any known
distance.

Fishpond
31. The Fishpond scan is produced in-
dependently of the main timebase.  The

20 ps priming pulse is fed to the rotor of o
sccond magslip on the scanner. In this
manner sin 4 and cos ¢ voltages (0 being
the azimuth angle of the scanner) are
obtained from the stators; the stators are

TIME -20' lO 62 |

A PRIMING
PULSE

00-150
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lixed with respect to the aircraft so that
the top of the Ifishpond display always
represents the aircraft heading.

32. Another output from the priming
pulse generator 1s used to trigger a scan
multivibrator producing positive and nega-
tive square waves, the leading edges of
which occur at time “ O (fig. 6, inset B).
The duration of these square waves is fixed
by a scan-length control to approximately
62 us, corresponding to a 5 nautical miles
timebase. The square waves control an
arrangement of diodes, one for each axis,
which clamp the sawtooth generating
circuits in the intervals between the priming
pulses. At time “ O " the square waves
unclamp the diodes allowing the sawtooth
generating circuits to charge up from the
sin ¢ and cos 0 voltages from the magslip
stators. The sawtooth waveforms are fed
to a pair of cathode-coupled push-pull
amplifiers, the paraphase outputs (fy. 6,
tnset C) from which are ap-
plied to the detlection plates
of the CRT to give a rotating
timebase synchronised to the
scanner rotation. Shilt volt-
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Fig. 6. Simplified waveforms (5
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ages are applied to the orids
of one valve in each pair of
scan amplifiers to allow the
picture to be moved hori-
zontally and vertically over
the tube face.

33. Signals from the signal
and marker output stage (sce
para. 10) and a bright-up wave-
form developed from an out-
put of the scan multivibrator
are fed to a signal and bright-
up amplifier. The resultant
output of the latter stage
(fig. 6, wuset D) 1s fed to the
470V grid of the CRT giving an
intensity-modulated presenta-
tion of signals received at
ranges less than the height of
the aircraft. The signals dis-
played will always be at
maximum amplitude since the
receiver gain is automatically
at maximum until time “h "
(see para. 17).

Setting up display
34. The priming pulse is used
to trigger a scan generator



the paraphase outputs from which are
fed to the X plates of a small CRT.
The timebase scan thus produced has
a length corresponding to a range of 8
nautical miles (fig. 6, inset E). The scan
generator also feeds a square wave (fig. 6,
inset F) to the grid of the CRT which
brightens up the working stroke of the
timebase.

35. Signals are fed from the signal and
marker output stage to a cathode-coupled
amplifier whose paraphase outputs are fed
to the Y plates of the CRT. Signals and

markers consequently appear as deflections
of the straight line timebase.

36. The AuTO /MANUAL switch and manual
height control which are described in para.
16 are mounted on the main PPI indicator
which is not near the receiver in the aircraft.
The indicator containing the setting-up
display is mounted near the receiver and
provides duplicate controls for use when
setting-up the latter unit. A rocar/
REMOTE switch enables either set of controls
to be brought into use.

General

UNITS

37. The Table 1, included herein, sets out the component units of the H2S Mark IVA

(ARI.5715) installation.

TABLE 1

Component units of H2S Mark IVA

Unit

Stores Ref.

Remarks

Modulator unit, Type 196 /WW
Transmitter-receiver, Type TR.3523E
Scanning unit, Type 109

Control unit, Type 565A

Receiver, Type R.3647

including

Receiving unit, Type 153A ..
Centrol unit, Type 455A
Indicating unit, Type 300
Waveform generator, Type 61
Computer
Control unit, Type 55 .
Air position indicator Mark IA

Control unit for API
Indicating .unit, Type 188A ...
Indicating unit, Type 277
Power unit, Type 567D
Transformer unit, Type 166A
Jack unit, Type 51

or
Jack unit, Type S1A
Junction box, Type 341
Junction box, Type 325
Junction box, Type 326
Tubular feeder, Type 205

Tubular feeder, Type 72
or
Tubular feeder, Type 72A

Aircraft connector set, Type
ARI.5715/FU

10DB /8185
10DB /8706
10BB /6922
10LB /6343
10DB /8573

10DB /8456
10LB /6336
10QB /6492
10VB /6226
10DB /8463
10LB /6313
6B /278

6B /310

100B /6442
100B /6429
10DB /8794
10K B /6330

10H /18302}

10H /18355
10DB7/8806
10DB /8571
10DB /8572
10BB /8001)
10AB /6373

10AB /8556

10HA /7694

Universal unit with AFC

Scanner speed and tilt control unit

Universal 45 Mc/s IF strip
For use with bombsight Mark XIV
Main indicator

See A.P.1275B, Vol. I, Sect. 1,
Chap. §

Fishpond indicator
Used mainly for setting-up purposes
2 off

2 off ; for measuring power supplies

For connecting TR.3523E to the
scanner

| (4.L.18)
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CONTROLS

Modulator unit, Type 196/WW

Is
Pre-set contro . o
The following pre-set controls are

pr;)vidcd —
(n Modulator power pack switch (EuT

Mocr). This switch is used to switch off
?]:,/(]){II{)T circuits when servicing but must
be left in the o position.

9) Lock switch (INTERNAL/ENTERNAL
pock). This switch enables the priming
pulse gencrator to be triggered by the
stabilized PRF circuits in the modulator
or by an external locking pulse.  The
gwitch must be in the extermz{ lock position
when the unit is used in HQS Mark IV.\.

(3) Pulse length control. The variable
resistor RV4 (apjusT 20 ss) controls the
length of the priming pulsc.

(4) Overload adjustment. The variable
resistor RV5 controls the current which
can be passed by the EHT rectificr before
the overload relay operates.

(5) Stabilized PRF controls. The vari-
adle resistors RVI (apjust 350), RV2
{ADjusT 830-950-1,200), and RV3 (ApjUst
600) control the p.r.f. of the morlulator
internal locking circuits. As these circuits
are not used in H2S Mark IV.\ the settings
of these controls are not important.

(6) Tree PRF control. \When the modu-
lator is switched to external lock but no
locking pulse is fed to the unit, RV6
FREL PRY) can be used to control the PRF
f the priming pulse generator if link 3 is
the cont. position. The setting of this
tontrol is not important in H2S Mark IVA
as link 3 is in the /ock position.

{7) Modulator output power. The 80V
PS on the EHT transformer must be sct
T minimum output.

i?f SL\' links are

} incorporated in the
modulator circuit.

A '?'Li“ks 1 and 2 control the various
ed frequencies of the internal locking

£Ms. The positions of the links are not
HBportant ip H2S Mark IVA.

ﬂntlmk 3 must be in the lock position
m“.laerrml or external locking of the
A When the INTERNAL/EXTERNAL
SWitch is in the external lock position,

but there is no locking pulse and link 3 is
in the cont. position, the PRIC ol the priming
pulse generitor is controlled by the viee
rrr control.  For use in H2S Mark [V.A
link 3 must be in the fock position.

(3) Link 4 enables a meter to be con-
nected in series with the EHT power pack
so that the overload adjustment can be
set correctly.  The link must be closed for
normal operation of the modulator.

(#) Link 5 must be closed (Var. PL
position) for use in H2S Muark IV T it
1s left open (§ ps onlv position) the pulse
length will remain ) #s when switching to
the 2M scale instead of increasing to | s,

(3) Link 6 is in parallel with R30 in the
external —4KkV DC supply; its position s
not critical in H2S Mark IV as this
supply is not used.

Transmitter-receiver, Type TR.3523E

Pre-set controls
42. There are cleven pre-set contrals on
this unit.

(1) Tunction switch.  This  switch
sclects the local oscillator in use and the
method of tuning.  When the switch is in
the manunal position the frequency of the
signal oscillator 1s controlled by the manual
tuning control on the unit. In the 1/°C
position the frequency of the signal oscil-
lator is determined by the output of the
discriminator circuit. [n the beacon position
the frequency of the beacon oscillator is
controlled 1+ the munual tuning contrel.
The remote position of the switch enables
the above switching arrangements to be
made from control unit, Type 363\, lor
operation in the aircraft this switch mnst be
left in the remote position.

(2) Manual tuning control (R71). Tlis
control can be used for setting up purposes
when the functipn switch is in the neinal
or heacon positions.

(3) Discriminator output control. Re-
sistor R38 is used to adjust the voltage
output from the discriminator to the signal
oscillator when the latter is on tune.

(4) Discriminator cathode bias control.
Resistor R73 is used to ensure that the
discriminator cuts ofl the sweep valve when
the latter has brought the IF within the
range 43-47 Me ‘s,



(5) Oscillator HT control. Resistor
R58 1s used to set the resonator-cathode
voltage of the local oscillators.

(6) Signal oscillator mechanical tuning,
(7) Beacon oscillator mechanical tuning.
(8) Anti-TR cell tuning plunger.

(9) TR cell tuning.

(10) sIGNAL crystal current control.

(11) AFc crystal current control.

Links

43. There are two links in the circuit of
TR.3523E.

(1) The —100V/—150V bias supply link
which must be in the —150V position.

(2) The C relay shorting link in the
magnetron filament supply circuit which
must be open.

Scanning unit, Type 109
Pre-set control

44. The marker phasing control must be
set so that the course marker brightens up
the trace on indicating unit, Type 300 when
the scanner passes through the electrical
dead-ahead position.

Control unit, Type 565A
Operator’s controls
45. The following operator’s controls are
provided :—
(I) SscANNER SPEED control. This de-

termines the DC supply fed to the armature
winding of the scanner driving motor.

(2) SCANNER TILT control. In the
normul position of this switch the direction
of maximum radiation from the scanner
is set at 3 degrees below the horizontal ;
in the down position it is fixed at 10 degrees
below the horizontal. The up position is
not used.

(3) Tuning switch. In the manual
position of this switch the signal oscillator
can be tuned by means of the tuning
control on. this unit. In the deacon position
the beacon oscillator can be tuned using
the same control. In the AFC position
the frequency of the signal oscillator is
determined by the discriminator circuits.

Note . ..

This control is not operative if the function
switch on T R.3523E is not in the *‘ remote "
position.

(4) Tuning control (TuNE). This contro]
determines the frequency of the signal
oscillator when the tuning switch is in the
manual position or the frequency of the
beacon oscillator when the tuning switch
is in the beacon position.

Links
46. The links in this unit must be in
position for scanning unit, Type 109.

Receiver, Type R.3647

Pre-set controls
47. The following pre-set controls are
provided :—

(1) Low ALTITUDE TEST switch. This
enables the scan to be triggered from the
back edge of the priming pulse instead of
the “ —20 to h-10" pulse. In this way
signals occurring before time “h " can be
displaved on the PPI. The switch must be
left in the normal position.

(2) SET DRIFT RATE. This button must
be pressed when adjusting the DRIFT RATE
control.

(3) DRIFT RATE control. Resistor VR4
is adjusted to give the correct rate of sweep
of the strobe circuits.

(4) =HEIGHT zERO control (VR2). This
is used to ensure that the height marker
generator triggers off at the correct time.

(5) HEIGHT RATE control (TC1). This
controls the rate of run-down of the marker
delay generator and consequently affects
the timing of the markers and the scan
triggering time.

(6) SET RANGE zERO. This button must
be .pressed when adjusting the RANGE zZERO
control.

(7) RANGE ZERO control (VR3). This is
used to ensure that the range marker
generator triggers off at the correct time.

(8) Max. GAIN control (VRI1). This
control must be set so that when the
manual GAIN control (indicating unit, Type
300) is at maximum the ratio of maximum
signals to noise is 2: 1.

(9) MARKER AMPLITUDE control. Re-
sistor VR5 controls the bias on the grid
of the marker amplifier.

(10) 10 ps DELAY potentiometer (VRS).
This control is set so that the timebase
on indicating unit, Type 300 starts at the
correct instant.



ndicating unit, Type 300

r's Cﬂﬂtm's '
48. There are seven operator’s controls on
this unit.
()] BRIGHTNESS control (RV14).
2) caiN control (RV7). This control
ﬂeiermines the gain of the IF amplifiers
er the time of reception of the first

ground return.

3) SCALE switch. Ihis switch selects
the scale of the PPI display and has four
positions which give PPI displays corres-
ponding to the M, iM, 1M, and 2M map

scales.

4) COURSE/TRACK switch. This enables
eit‘xer the course or track marker to be

displayed.

(5) Stabilization switch (COMPR. ON /OFF).
This switch enables the operator to select
a moving or stabilized PPI picture..

(6) avto/MaNvAL swit¢h. In the anfo
position of this switch the height marker
lIocks on the first ground return. In the
manual position the position of the height
marker is determined by the MANUAL
HEIGHT control.

(7) MANUAL HEIGHT control (RVS). This
control determines the position of the
height marker when the AUTO/MANUAL
switch is in the manual position. It can be
used for setting up or in the event of failure
of the height marker locking circuits.

Note . ..

The “ auto/manual * switch and '* manual
l.nght " control are not operative when the

L/remote” switch on indicating unit, Type
277 $s in the ** remote ™ position.

Pro-set controls

pr;vi’ggg : -f?llowing pre-set controls are
() Focus (RV13).
[2) conrtrasT (RV16).

mnpt)r liM CENTRE BALANCE (RV2). This
~ b‘;s determu;es the pivot point of the
Wmmebase along its length on the }M scale.

lichla CENTRE BALANCE (RV3). This

- etermines the pivot point of the
%esalong its length on the M and

5) CENTRE i
: N-s control (RV9). Vertical
shatt control for centring the PPI picture,

A.P.2890Q (2), Yol. |, Part I, Chap. 2

(6) CENTRE E-w control (RV10). Hori-
zontal shift control for centring the PPI
picture.

(7) N-s SENSITIVITY control (RV11).
Vertical sensitivity control affecting the
shift amplifiers.

(8) E-w SENSITIVITY control (RV12).
Horizontal sensitivity control affecting the
shift amplifiers. '

(9) scAN MATCHING control (RV18).
This control is provided to remove any
irregularities in the timebase due to unequal
coupling between the magslip rotor and
the two stators. '

(10) }M corRecTION control (RV1). Set
so that the correct amount of distortion is
introduced into the linear scan on the
M scale.

(11) 3m CORRECTION control (RV17). Set
so that the correct amount of distortion

is introduced into the linear scan on the
#M and 1M scales.

(12) im scaLE SET control (RV6). Used
to obtain the correct scale on the PPI for
the }M scale.

(13) 4M SCALE SET control (RM'5). Used
to obtain the correct scale on the PPI for
the #M scale.

(14) IM SCALE SET control (RV4). Used
to obtain the correct scale on the PPI for
the 1M scale.

(15) vuM apjusT (RV3). This control is
used to reduce ripple on the scan waveform.

Computer

Pre-set controls

50. There are five pre-set controls in the
computer, but only two of these must be
adjusted under normal maintenance con-
ditions.

(1) WIND RATE control (RV1). Used
to control the speed of the ratchet motor
which drives the wind potentiometer.

(2) SHIFT VOLTAGE control (RV2). Used
to ensure that the correct voltage is applied
across the air distance and wind potentio-
meters.

Note . ..

The resistors RV3, RV6, and RV7 must
not be adjusted unless the air distance or
wind potentiomelers are changed,



Control unit, Type 552

Operator’s controls

51. The following operator’s controls are
provided :—

(1) ~-s WIND KNOTS control (RVI).
Controls the amount of vertical PPI shift
due to wind.

(2) E-w WIND KNOTS control (RV2).
Controls the amount of horizontal PPI
shift due to wind.

(3) N-s co-orD control (RV4). Cali-
brated vertical shift control.

(4) E-w co-orD control (RVS5). Cali-
brated horizontal shift control.

() SET COURSE/NORMAL/SET TRACK
switch. In the first position of this switch
the position of the course marker can be
adjusted by means of the COURSE/TRACK
ALIGNMENT control on this unit and in the
third position the position of the track
marker can be adjusted using the same
control. In the normal position of the
switch the position of the course marker 1s
determined by the DR compass and that
of the track marker by the bombsight
computer.

(6) COURSE/TRACK ALIGNMENT control.
This control is used to adjust the position
of the course and track markers when the
SET COURSE/NORMAL/SET TRACK switch Is
in the sef course and set frack positions
respectively.

(7) TRANSMITTER ON/OFF switch. Due
to a delay in the +330V supply from the
computer to the modulator this switch is
not operative until three minutes after the
80V AC supply to the equipment has been
switched on.

(8) 1LLuMmINATION switch. This switch
controls the brightness of the dial lamps
on the unit.

Pre-set controls

52. The resistors RV3 and RV6 must not
be adjusted unless a co-ordinate shift or
wind rate potentiometer is changed.

Indicating unit, Type 188A

Operator’s control

53. The BRIGHTNESS control (VRS506) is
the only operator’s control on this unit.

Pre-set controls

54. The following pre-set controls are
provided ;—

(1) rFocus (VRS507).

(2) scaNn TIME (VR300). Controls the
length of the timebase scan.

(3) H CceENTRE (VRS503).
shift control.

(4) v ceNTRE (VR304). Vertical shift
control.

(5) H scaLe (VR505). Controls the gain
of the horizontal scanning amplifier.

(6) v scaLeE (VR502). Controls the gain
of the vertical scanning amplifier.

(7) conTrAST (VR3501).

(8) muM BALANCE (VRS510). Set for
minimum hum on the scan waveform.

Horizontal

Note . ..

The *“ H- centre balance' (VR509) and
“V centre balance’ (V R508) controls are
not used when this umit is used in H2S
Mark IVA; they must be locked in their
maximum anti-clockwise positions.

Links

585. The links in this unit must be in the
H2S Mark IVA position.

Indicating unit, Type 277
Pre-set contrals

56. Some of the controls listed below are
not actually pre-set but are listed under
this heading because they are not used by
the operator in flight.

(1) LOCAL/REMOTE switch, In the
remote position of this switch the height
marker circuits are under the control of
the AUTO /MANUAL switch on indicating
unit Type 300 and the AuTo/MANUAL
switch on this unit has no effect. In the
local position of the switch the height
marker circuits are under the control of
the AvuTO /MANUAL switch on this unit.
The LOCAL /[REMOTE switch is designed to
enable the receiver controls to be set up
while using indicating unit, Type 277 as
a monitor ; for operation in flight the switch
must be left in the remote position.

(2) auto/MANUAL switch. This switch
is operative only when the LOCAL /REMOTE
switch is in the local position. When it is
in the manual position it enables the
position of the height marker to be adjusted,
using the MANUAL HEIGHT control on this
unit,
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ANUAL HEIGHT control (VRY). This
] can be used to adjust the position
conts height marker when the rocaL/
of the itch is in the local position and

E SWl . .
t[;:OATUTO MaNUAL switch in the manual

ition.
poa) SCAN TIME (V(;l).
length of the timebase scan. | |

5) GAIN (VR1). Controls the gain ol
the signal amplifier.

(6) BRIGHTNESS (VR3).

(7) Focus (VR2).

Controls the

Waveform generator, Type 61

Pre-set controls
§7. The following pre-set controls are
provided :—

(1 Counting-down switch. This switch
controls the rate of counting down from the
supply frequency on the IM, M, and 1M
ranges. When the switch is open the
PR% of the locking pulse on these ranges is
2,000 p.p.s. and when the switch is closed
3t i8 1,000 p.p.s. ; the switch must be kept
closed for operation in H2S Mark TVA.

A.P.2890Q (2), Vol. I, Part I, Chap. 2

(2)  Counting-down rate.  Potentiometer
VR2 must be set so that the circuit counts
down by four-to-one on the 2M scale and
by six-to-one  or beacon operation within
the Trequency limits of the AC supply.

@) 4150V adjustment (VRI).

Power units, Type 567D
Pre-set controls
58. The following adjustments are pro-
vided :
(1) 130V adjustment (RV i),
(2) 200V adjustment (RV2),

Links
59. There are two links in cach power unit.

(1) 330V supply link.  This link inust
be in the intermediate current  (360V)
position for use in H2S Mark TVA.

(2) The EHT link must be i position
L in hoth units. Power unit No. [ will
then deliver o —4 KV supply but some
re-arrangement of the circuit in power unit
No. 2 is necessary before the 4 KV supply
can be obtained.

POWER SUPPLIES

8). Two motor driven gencrators, Type
4B v{hi::ih alre fed with aircraft’s 24V DC

ply develop two 2 kW supplics at 80V,
ﬁn&o ¢/s. The two indepenpc}aent supplies
are fed, via two control panels, Type 11,
o & switch box at the operator’s position,
where either supply can be switched to the
: equipment. The selected 80V AC
®upply and the aircraft’s 24V DC supply
are fed to junction box, Type 341 where
the ‘are distributed to the other units of
W€ equipment ; the units contain their
own filament transformers. The 24V DC
JPPly is also fed to junction box, Type 325.

$1. The 80V supply is fed from the
on box through two jack units, T ype

2 0 two power units, Type 567D.
iy units develop all the HT and EHT
des for the equipment apart from an
m:vv:: ];a(;{k _in the modulator, a
aCK In transmitter-receiver,
%OR.3523E. and a 4+ 150V power
o waveform generator, Type 61.
o he) outputs from the power units are
- borough the jack units to the
mw X where they are distributed
®f units. The EHT supplies of

4 kV and —4 KV for the CRT's in in-
dicat ng units, Type 300 and 188\ are fed
directly from the power units to the units
concerned.

62. A test point on the junction box
enables the 80V AC and 24V DC supplies
to be checked. The nominal values of the
HT supplies from the power units are ;-
4-350V, 4-330V, --200V, 4+ 100V (foating),
150V and =300V DC, and these can be
checked by means of jacks provided on the
jack units. ’ "

63. The modulator power pack develops
the 35 kV supply for the modulating
pulse and is controlled by an on foff switch
on control unit, Type 552. Delay circuits
in the modulator and computer prevent
this supply from being switched on until
3 minutes after the rmain HT supplies have
been switched on.

64. The 300V power pack in transmitter-
receiver, Type TR3523E is used to supple-
ment the 330V supply from the power units
to obtain the correct operating voltages for
the klystron local oscillators.




65. The power pack in waveform generator,
Type 61 is used to provide 4- 150V supplies
for use in indicating unit, Type 300. The
shift circuits in the indicator require more
current at these voltages than can be

obtained from the power unit supplies.

66. Details of the distribution of the
power supplies and other inter-connections
between the H2S Mark IVA units can be
seen from fig. 7.

INSTALLATION IN LINCOLN AIRCRAFT

671. The layout of the H2S Mark 4A.units
in a Lincoln aircraft is shown in fig. 8.
It can be seen that the equipment is split
up in the following mannet :(—

(1) The bombsight control unit (Control
unit, Type 455A) which is attached to the
bomb sight Mark XIV in the nose of the
aircraft.

(2) The radar operator’s units which
include indicating unit, Type 300, control
units, Type 565A and 552, and the API
forward of former 1.

(3) Indicating unit, Type 188A which
is mounted in front of the radio operator.

(4) Those units associated directly with

the scanner which are mounted in the
scanner well. These comprise transmitter-
receiver, Type TR3523E, transformer unit,
Type 166A and junction box, Type 325.

(5) Those units remaining which are not
required to be under the control of a member
of the crew during flight are contained in
a crate between formers 12 and 19.

68. Tig. 9 is a cable connector diagram of
the H2S Mark IVA equipment showing the
positions of the plugs and sockets on the
units. It should be noted, however, that
the lengths of the cables are not drawn to
scale. Details of the connectors are given
in Table 3.
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A.P.2890Q(2), Vol. I, Chap. 3

GENERAL

Muctlon .
Modulator unit, 1y pe 196 \VW containy

circuits necessary for generating the 20
Pmning pulse and the EHT modulating
ee. The modulator was deswned for use
several radar equipments and n con-
gence contains some circuits which are
ased in H2S Mk. 4A.  This chapter
cribes the operation of the unit o H25
_4A, for details of the method of
qation m other equipments reference

should be made to the publication on the
equipment concerned.

2. The modulator can be set to run freely
at a pulse recurrence frequency determined
by an internal phase-shift oscillator or to
run locked to a trigger waveform from an
external source. In H2S Mk. 4A the
modulator is locked to a trigger waveform
from wavelorm generator Type 61 (Chap.
14) and the p.r.f. of the cquipment is con-

24V TO
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AT REAR

, b ,;, 7o )
. ® A e,
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ot et )
. &St e T - '
' .

P i 3 ' t / ;
i 1o Wbl ‘ \

i

¥

¢

— SCHRADER
= e VALVE

TO JUNCTION
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Fig. 2. Modulator unit, Type 196/WW : front panel
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sequently determined by the latter unit.
The width of the modulating pulse is
normally 4 as but can be increased to 1 us

2} nus by external switching. This
external switching is combined with the
switching of the p.r.f. of the trigger wave-
form in the waveform generator. The
following combinations of pulbe length and
p.r.f. are used :—} xs pulses at 1,000 p.p.s.
on the M, M, and 1M scales of the PPI
display, 1 ps pulses at 500 p.p.s. on the 2M
scale of the display, and 2} us pulses at 335
p.p.s. (approximately) for beacon operation.
The peak power of the modulating pulse is
adjustablein steps between 160 and 200 kW.

3. As modulator unit, Tvpe 196 is fitted
with WW plugs and the rest of the H2S
Mk. 4A units are fitted with- W plags,
junction box, Type 326 (Chap. 16) i3
included in the equipment to break down
the WW connectors to W connectors and
Pye leads.

Mechanical detaiis

4. The modulator { fg. 2-6, 15, 17} coftsists
of a main chassis containing all the power
circuits and a trigger unit which is mounted
on a circular chassis attached to the rear
of the main chassis; connections between
the two are made by means of a tagstrip
{fig. 6 and 17) and one flying lead. The
complete unit is enclosed in an airtight
cylinder which is attached to the front panel
by securing screws and the joint made air-
tight by a neoprene seal. A small blower

mounted on the front panel circulates the
air within the pressurized cvlinder which is
normally pumped up to 5 lbs. /sq.in. above
atmmphenc pressure. A silica-gel desiccator
15 also mounted on th:: front panel and
separate seals enable this to be changed or
the blower motor to be examined without
removing the cylindrical cover.

5. To cool the cvlinder it is mmmted in a
wind tunnel { fig. 3) which has a large blower

motor mounted at the rear. The wind
tunnel 1s octagonal in cross section and is
provided with fittings which enable it to be
accommodated in a standard 9in. by 2lin.
aircraft mounting tray. The cylinder rests
on mountings at the rear of the tunnel and
is secured to a cradle at the front of the
tunnel by two toggle screws, The DC
supply for the i»luwer at the rear is fed to
it by a length of cable from a 2 pin WW
plug on the front panel. The overall height
and depth of the complete modulator i3
12in. and its weight s approximately 60 lbs.

Qutline of operation

6. A block schematic of the unit is given
in fig. 7. The trigger waveform from wave-
form generator, ’I}pe 61, which consists of
a series of negative pips, is fed to a multi-
vibrator in the modulator and locks it to
run at the same frequency. This multi-
vibrator is known as the priming pulse
generator and its output consists of a
positive 20 ps square wave. All the
measuring circuits in the equipment are
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he hack edge of this priming

, %ﬁ 25 iegarded as time ' 0.” The

- ulse is fed via 2 cathode follower

thg!: fmits of the equipment but is also
bdpdirectly to the grid of the modulator

grigger yalve.

:soer valve has a choke in its
'l;heci?:gigt which is tuned by stray
ities ; the valve 1s nor.mally. cut off
up:alarge negative bias on its grid. The
cositive priming pulse causes the valve to
g:duct and when the pulse ends the sudden
tion of current through the valve
causes the choke in its anode to ring. This
riig, which (initially is of considerable
mplitude, is applied to the tngger electrode

of & spark gap.

. The spark gap is in series with the

i s of the pulse transformer in the
m-.tter (Chap. 4) and both are con-
pected across an artificial line charged to
8kV. When the ring from the anode of the
trigger valve reaches the trigger electrode
{t causes the main gap to arc over and the
artificial line discharges through the spark

p and the primary of the pulse trans-
':rmer. The resulting high voltage across
the secondary of the pulse transformer is
applied to the cathode of the magnetron
transmitting valve which generates a radio
frequency pulse whdse duration .is deter-
mined by the time of discharge, and thus
by the length, of the artificial line.

9. Normally, the p.r.f. of the locking wave-
form fiom the waveform generator is 1,000
P-P$. and the length of the modulating
s¢ § us. When the scaLe switch on
icating unit, Type 300 is put to the 2M
position the p.r.f. of the locking pulse is
reduced to 500 p.p.s. by a relay in the
waveform generator and at the same time
u‘_'{"s In the modulator increase the length

& artificial line to give a 1 s modulating
-_Switching to beacon on control unit,

TPe 565A reduces the p.r.f. of the locking

A.P.2890 Q (2). Vol. I, Part 1, Chap. 3
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Fig. 7. Block schernatic

pulse to 335 p.p.s. (approximately) and at
the same time operates relays in the
modulator which increase the length of the
modulating pulse to 2} us. Switching to
beacon overrides switching to the 2M scale
as far as the pulse length and p.r.f. of the
equipment are concerned. It should be
noted that if transmitter-receiver, Type
TR.3523E is not fitted with a pulse trans-
former capable of handling the 2} us pulse
a modification to control unit, Type 563
(Chap. 6) prevents switching to a pulse
length of 2} us at a p.r.f. of 335 p.p.s.

10. Arelayin the modulator in conjunction
with delay circuits in the computer (Chap.
10) ensures that the 80V. AC supply to the
4 kV power pack and the HT supply to the
trigger valve cannot be switched on before
the modulator and transmitter EHT cir-
cuits have warmed up. A protective
circuit switches off these supplies in the
event of an overload in the transmitter or
modulator.

CIRCUIT DESCRIPTION

B A tg:?spléte circuit diagram of the
e cirreris o BIVEN in fig, 1, The parts of
m:t:nufit which are not used in H2S Mk, 4A
oned below but for a full descrip-

teference should be made to the

publication on an equipment which does
use these parts.

Priming pulse generator

12. The locking waveform from the wave-
form generator, consisting of 50V negative



pips (fig. 9A) at a p.r.f. dependent on the
setting of the scaLE control on indicating
unit, Type 300 and the tuning switch on
control unit, T 565A, is fed to pin 15
of the 18 way WW plug on the modulator.
In the H2S Mk. 4A equipment switch S2
(fig. 1) is kept in the external lock position
and these pips are fed through CI15
(0-05 uF), the diode V4 (VR92), Cl4
(330 pF), and R22 (2-2K) to the grid of
V3(2) (6SN7). Valves V3(2) and V7
(CV366) form a multivibrator (fg. 8) with
a common cathode load of 220 ohms (R34).
The grid of V3(2) is connected to its cathode
through R25(33K) and RV4 (100K), and
the anode is coupled to the grid of V7
through C16 (470 pF) and the stopper R32
(100 ohms). In H2S Mk. 4A link 3 (fig. 1)
is closed so that the grid of V7 is returned
to a potential of approximately —60V
through the leak R33 (390K).

13. Consider the circuit just before the
arrival of a pip at the grid of V3(2). V7
will be cut off owing to the large negative
bias on its grid and V3(2) will be passing
about 10 mA cathode current with its grid
and cathode at about 2V; the anode
potential of V3(2) will be very low.

14. The negative pip from pin 18 /15
decreases the grid potential of V3(2) ve
sharply thus cutting down the current
through the valve. The consequent rig,
in anode potential (fig. 9C) is fed to the
grid of V7 and is large enough to overcome
the negative bias and bring the valve int,
conduction. As a result the commop
cathode potential will rise (fig. 9B) increas.
ing the bias on V3(2) still further. The
effect is cumulative and V3(2) is soon cyt
off.

15. Immediately the leading edge of the
trigger pip ceases the diode V4 is cut off
and the rising edge does not affect the grid
potential V3(2). Valve V3(2) remains cut
off until the grid potential rises to within
the grid base and this interval is dependent
on the values of C14, R25, and RV4 (apjust
20 us). When the grid crosses cut-off the
anode of V3(2) falls and this fall is fed
through C16 to the grid of V7. Corse-
quently current through V7 decreases and
the common cathode potential falls causing
V3(2) to pass more current and its anode
potential to fall further. The effect is again
cumulative until V7 is cut off and V3(2)
is passing heavy current. The circuit

+330v

R23
3sK
cie
tV3(z)
cIs enOSN7
-—>—||-—< ]
LOCKING .08
PULSE CIl
INPUT

CRID
——
R29 ve R39

100

18/i6
PRIMING PULSE

390K OUTPUT
RS3 RS54
390K 150
| a3
; 220
[ S
i R28
- ' 39K
%m
27K
RS6
[ R3S a7x
| Ry i
VA $ 130V

Fig. 8, Priming pulse generator and output stages
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pmains in this condition until the arrival
i $he next trigger PiP-

ut from the multivibrator 1s
mm;:o:r ttlz)he anode circuit of V7 and
F:sists of a negative square wave (fig 9D)
whose length is determined by the time
shat V7 is conducting and V3(2) is cut off.
This time is set by RV4 to be 20 us. The
e load of V7 consists of the pulse
ormer T4 and is partly resistive and
inductive ; the resistive component

the resistance reflected into the primary
by R51 @ .9K) connected across the
pecondary, and the inductive component
{s due to the fact that some of the primary
does not thread the secondary. As a

¢ of the inductive component the rise

fa anode potential at the end of the pulse
overshoots the HT level but decays to it
quickly because of the damping

gg'lgduced by RS1.

17. If no external locking waveform is fed
to pin 18/15, and link 3 (fig. 1) is in the
¢ont. position, the grid of V7 is returned to
the positive potential at the slider of RV6
and the multivibrator free-runs at a p.r.f.
determined by this potential. RV6 (FREE
yrr} is calibrated to give recurrence
ﬁ'esuencies of 1,200 (blue dot), 1,000 (green
dot), 800 (yellow dot), and 600 (red dot)
P-p-s. If the link is in the Jock position and
Bwitch S2 in the internal lock position the
frequency of the multivibrator is determined
the locking waveform fed to the cathode
of V4 from the anode of V2(1). For use
| H2S Mk. 4A switch S2 must be in the
#xlernal lock position and link 3 in the lock
Position ; the internal locking circuits and
FREE PRF control are not used.

Priming pulse output

The negative square wave from the
E:de of V7 (fig. 9D) is phase reversed by
P':{‘Se transformer T4 (turns ratio 1: 1)
7100 ohrrtthugh C23 (0-002 xF) and R41
Valve Vo S) to the grid of V8 (CV276).
follov, (fg. 8) is connected as a cathode
ms‘)er With a cathode load of 150 ohms
BT and its anode returned directly to
mnd §s € valve is normally cut off as its
Teturned to 3 potential of approxi-
{sgeov fixed by the chain R38 (39K)
(47K) between earth and —130V.

The posit;
OF) ve: 20 us pulse from T4
A E) is approximately 150V in amplitude

AP.2890 Q (2), Vol. I, Part I, Chap. 3

TIE =20 TIME O
ov
..r.v
I )
—_—a2
av |/~ ) v
2%V
.—73V
- -—+30V
-130v
-—--220V
F ov [ 1 -+ 50V
Fig. 9. Priming puise generator : waveforms

and causes V8 to conduct heavily. The
output from the cathode (fig. 9F) is about
50V in amplitude and is fed to other units
of the equipment via pin 15 of the modulator
18 way WW plug. The back edge of this
pulse is very nearly co-incident with the
transmitter pulse (para. 24-34) and is
regarded as time “ 0" for the measuring
circuits in the equipment.

Trigger valve

20. The 150V, 20 us positive pulse from
the secondary of T4 is also fed to the grid
of V9 (CV276) through R43 (100 ohms) ;

AL1



the circuit of the trigger
valve is given in fig. 10. V9
is normally cut off as its
grid is returned to —130V
through RS51 and the cathode
is earthed. The anode load
consists of the choke L4 (8
mH) which is connected to
a decoupled HT potential
developed from the --330V
line by R45 (1-5K) and
C21 (0-5 uF); the screen is
also returned to this potential
through R44 (560 ohms).

N T4

+ 330V

HI

g

R45
1-5K

21. The leading edge of
the positive priming pulse
(fig. 11A) carries the grid of
V9 about 15 wvolts above
earth so that the valve con-
ducts heavily. Anode current
builds up through L4 and
by the end of the pulse an
almost steady state is reached
with the valve passing about 700 mA.
There will thus be a considerable amount
of energy stored in the magnetic field of
L1 at the instant when the grid is carried
below cut-off by the back edge of the pulse.

INPUT FROM
V7 ANODE

22. When the anode current is cut off the
collapsing field in L4 generates a large

TIME uon

TIME =20"
=430V
A
-i30V
—- 7KV
B + 330V
KV
c + 330V

/
DAMPED BY SPARK GAP
BREAKING DOWN

Fig. 1. Trigger valve : waveforms

C2t O'8
hd R44
$60
VIO
CV3iag
R43 i
AMN—
100
RSI
39K
-i30v
Fig. 10. Trigger valve
overswing in the anode potential. If un-

damped (that is, if no output is taken from
the anode o1 V9) this ring would reach an
amplitude of about 7 kV in a time deter-
mined by the resonant frequency of L4
with stray capacities; this time is of the
order of 2 us. In practice the positive
swing causes the trigger gap of V10 to
break down when the amplitude reaches a
value of about 3 kV. The current flow to
the trigger electrode then damps the ring
so that there is no further increase in
amplitude. Tig. 11B shows the ring when
V10 is removed and the only damping
introduced is due to the resistance of L4;
fiz. 11C shows the damping caused by
conduction in the spark gap. No ring
occurs at the beginning of the priming pulse
as the heavy current passed by the valve
when it runs into grid current provides
sufficient damping.

23. The high voltage ring at the anode of
V9 is fed through R47 (IM) and C22
(0-001 wF) in parallel and then through
R46 (6 -S8K) to the trigger electrode of the
spark gap VI10.

Modulator output circuit

24. When the 30V AC supply to trans-
former T3 is switched on, valves V5 and
V6 (CV277) develop a 4 kV DC supply
which is applied across the spark gap and
the artificial line connected in parallel
(fig. 12). The condensers in the network
which forms the artificial line charge up
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. ial across them is developed
apd ”‘:h”,ff;}ff electrodes of the spark gap.
afross zntial is not sufficient to break

This thte main gap unless a spark is first

ﬁuced at the trigger gap.

:ng from the anode of V9 (para.
. T::esn?hge trigger gap to arc over, the
13) o breaks down and the condensers
”Ee petwork discharge through it; the
<on of the discharge is determined by
pumber of sections in the network, that
mthe length of the artificial line. The
B, ¢ of the pulse transformer in the
l"hmryttet (Chap. 4) is connected between
the spack gap and earth by means of a
high voltage cable.. Consequently during
the discharge of the artificial line a heavy
earrent flows through the pulse transformer
pemary and the resulting high voltage
across the secondary is fed to the

e of the magnetron transmitter valve.

This cathode is thus taken very negative
4 kV] with respect to earth for a period
ggwmined by the length of the artificial
Bne each time the trigger gap in the spark
arcs over. When the artificial line
eompletes its discharge the spark gap ceases
to conduct and the line charges up until
the next ring from the anode of the trigger

3. The discharge time of the artificial

is normally } ;s but when contacts of

F close the number of sections in

the network is increased to give a discharge
of 1 us and when, in

tion, contacts of relay G som
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28. When the potential across the trigger
gap rises to about 3 kV the gap breaks
down to give free electrons which will flow
to the positive trigger electrode and positive
ions which will flow to the negative electrode
of the main gap. If a sufficiently high
voltage exists across' the main gap these
positive ions will travel fast enough to
knock electrons off the neutral malecules
in the main gap.. These molecules will- be
under a considerable electrical strain owing
to the potential across the gap, but this
is not sufficient to cause breakdown. The
collision of the high-speed positive ions
with the strained neutral molecules will,
however, cause breakdown and as a result
more positive ions are produced. There is
thus a progressive ionisation once the
trigger gap has arced over. As the trigger
pulse takes a definite time to break down
the trigger gap and also because the ionisa-
tion. of the main gap introduces a lag, the
modulating pulse occurs slightly later than
the back edge of the priming pulse.

29. After the delay network has completed
its discharge through the spark gap the
voltage across the main gap is zero and
the positive ions tend to move towards
the trigger electrode which has a slight
negative charge due to electrons which
flowed into C22 (0 -001 xF) when the trigger
gap arced. The positive ions are neutralized
at the trigger electrode to become neutral
molecules and the gap returns to its non-
conducting state.

ARTIFICIAL  LINE
IMPEDANCE 80 OHMS

the number of sections - __ A
® forther increased to give a
hh{ge time of 2} us. The
Witching of the pulse length
My rlays F and G is des-
Wibed in para. 35-40.

%Va_hze V10 (CV349) is
uto with argon and oxygen
§as L csSure of approximately

MMospheres. The main gap TRICGER

“ybt;eOf two saucer-shaped

ey one having a hole
;I it in which is
-the tungsten trigger
€. The small clearance
fh the trigger electrode

¢ main gap electrode
the trigger gap.

il

M CHARCED TO 8 kv
'
]
]

RESISTANCE OF SPARK
GAP WHEN CONDUCTING
\:; 3 OMMS

-3 IXKV
MOD PULSE
TO ™% 18/1a

J +50V PULSE

$>aeneerep iMpebaNcE 2nr40
<> OF MAGNETRON %)
<3 74 OHMS

]

(]

! TS

4

s/n
~|O0V PULSE

Fig. 12. Modulator output circuit



30. A small percentage of oxygen is
included in the gas filling of the valve to
initiate the flash-over of the gap as oxygen
is much more readily ionised than argon.
When the oxygen is largely used up in
the formation of oxides of tungsten and
molybdenum during the flash-over intervals
t}ﬁ gap will become erratic and unservice-
able.

31. The method of charging the artificial
line between pulses is known as resonant
charging as the action of the charging
choke L1 (90H) and the components of the
artificial line when the —4 kV supply is
connected in series is similar tQ that of a
resonant circuit. Immediately the con-
densers of the line have discharged and the
spark gap de-ionised the —4 kV supply is
connected in series with the 90 henry
choke, the discharged line, resistor R40
(1-1 ohms), and the variable resistor RV5
(shown in fig. 14). The condensers of the
line begin to charge and the charging
current is approximately sinusoidal. When
the condensers have charged to —4 kV
it might be expected that the charging
would cease but the energy stored in the
magnetic field of the choke causes it to
continue until the condensers are charged
to —8 kV. This potential exists across the
spark gap at the moment it becomes
conducting.

32. Assuming the resistance of the spark
gap when conducting to be 5 ohms and the
reflected impedance of the transmitter
circuit to be 74 ohms, there is a total
impedance of about 80 ohms across the
artificial line when the main gap arcs over.
The line can be regarded as a battery
charged to —8 kV and with an internal
resistance of 80 ohms. The current flowing
n the circuit is consequently 8,000/160 or
50 amps. Thus the voltage drop across the
artificial line is 4 kV and that across the
pulse transformer primary 3:7 kV. The
output from the secondary of the pulse
transformer to the cathode of the magnetron
is approximately —14 kV. The components
of the line are so chosen that the energy
stored is discharged in } us (or 1 or 2} us
by increasing the number of sections in
the network) when the line is matched to
its load. The current discharged should
build up to its maximum value of 50 amps
in about 0 -1 us.

33. An overload relay (relay E) is con-
nected in parallel with potentiometer RV5

in the 4 kV rectifier circuit (fig. 14). This
relay operates when the current in the
circuit exceeds the safety limit, its actiog
and the setting of the safety limit by Rvjs
(ADJUST OVERLOAD) is described in para. 49,
Excessive current may be caused by
prolonged ionisation of the spark gap, too
high a p.r.f., or any fault in the transmitter
which causes the pulse transformer primary
to present a mismatch in the spark gap
circuit.

34. Since resistor R40 (1-1 ohms) is in
series with the artificial line a positive 50V
pulse co-incident with the modulating
pulse is developed across it ; this pulse is
fed to pin 18/14. The auto-transformer
T5 develops a —100V pulse which is fed
to pin 18/13. Neither of these outputs is
used in H2S Mk. 4A.

Pulse length switching

35. Changes in the length of the modulat-
ing pulse, by altering the number of sections
in the network which forms the artificial
line, take place at the same time as changes
in the p.r.f. of the pulse by altering the
counting-down circuit in the waveform
generator (Chap. 14) which develops the
modulator locking waveform (para. 12)
from the 80V AC supply. The pulse length
switching circuits are shown in fig. 13;
normally neither relays F nor G in the
modulator are operated and the number of
sections in the artificial line gives a pulse
length of } us. The locking pulses from
the waveform generator occur at 1,000
p.p.s. and consequently the modulating
pulse is also generated at this p.r.f.

36. When the scALE switch on indicating
unit, Type 300 is put in the 2M position
card S8 earths pin 12/3 which is connected
through junction box, Type 341 to pm
12/10 on the waveform generator thus
energizing relay B which is connected
between pin 12/10 and 4330 V. Contacts
B2 and B3 (not shown in fig. 13) reduce
the p.r.f. of the locking pulse from 1,000
to 500 p.p.s. and at the same time contact
Bl earths pin 12/11 which is connected
through junction boxes, Type 341 and 326
to pin 18/10 on the modulator.  Thi
energizes relay B in the modulator and
contacts B2 close connecting relay

across the 24V DC supply (link 5 is kept
closed for use in H2S Mk. 4A). When
relay F operates its contacts increase the
number of sections in the artificial line t0



issued with AL No. 15, December, 1948

A.P.2890 Q (2), Vol. 1, Part I, Chap. 3

—_—re M M
6" percon o“ g o JUNCTION BOX o B ® O
‘} TYPE 341 ” _{”
s JUNCTION BOX v
UNIT TYPE 325 INDICATING UNIT
m‘r{:"ggﬁsA 1am izl 121 un"‘ ;um TYPE 300
nm‘ q 34 m Yharr ’um:
B wavoe b JUNCTION BOX T'
TYPE 326 N .
J < LN oz WAVEFORM
e \cs o o - GENERATOR &
o ™" LI ook, z TYPE 61
LINK S as
nt e mM3
am an

MODULATOR UNIT
TYPE 196/WW

WNCREASES LENGTH OF  RELAYS'F‘AND'G' TOGETHER]
g‘:&mmtmz INCREASE LENGTH OF DELAY|

-a8v0oC

s LINE TO GIVE PULSE
oF tu LENGTH OF 24 u$

+J30v

RELAY'8'CHANGES PRF OF LOCKING PULSE TO SO0 PPS
RELAYA'CHANGES PRF OF LOCKING PULSE TO 335 PPS

Fig. 13. Pulse length switching

ve a discharge time of 1 us. Thus the
Ength of the modulating pulsé is increased

£6°1 gs and its p.r.f. reduced to 500 p.p.s.

B7, When the tuning switch on control
mnit Type 565A is in the BEACON position
6/6 on the control unit is earthed.

in is connected to pin 12/7 on the
wavelorm generator and to pin 18/7 on
#he modulator. In the waveform generator
3 energizes relay A, two contacts of
which (not shown in {ig. 13) reduce the
&J- of the locking pulse ta 335 p.p.s. At
$ame time contact A1l opens, preventing

y B from operating.and thus overriding
tion of the scALE switch on indicating
Type 300, described in para. 36.
In 18 /7 on the modulator is earthed,
operates and contacts C3 and C4

mlay
=mnect relays F and G across the 24V DC
The contacts of relays F and G

5¢ the number of sections in the

¥ th line to give a pulse length of 2} us.

€ length of the modulating pulse is

oy to 2} 4s and its p.r.f. reduced to

ﬂy models of transmitter-receiver,
B 25123]3 are fitted with pulse trans-
Which are not capable of handling
RD.s Wllll of 2} us at a p.r:if. of about
el en these transmitter-receivers
® modification to control unit,

Type 565A prevents pin 6/6 being earthed
and consequently the switching in the
modulator and waveform generator des-
cribed in para. 37.

39. In addition to operating relays F and
G, relays B and C in the modulator also
vary the p.r.f. of, the internal locking
circuits, but as these circuits are not used,
this function is not described. If link §
is open, relay F will not be operated when
the equipment is switched to the 2M scale
and the pulse length will be } us as on the
other scales. For operation in H2S Mk. 4A
this link must be closed.

40. When pin 18/6 is earthed relay A
(fig. 1) is operated and contact Al operates
relay F (if link 5 is closed) thus giving a
1 us pulse length. This switching is used
to change the pulse length but not the
p.r.f. when the internal locking circuits of
the modulator are employed; pin 18/6 is
not externally connected in H2S Mk. 4A.

Power supplies

41. The 80V AC supply enters the unit
on pins 18/1 and 18/2 and is fed through
an interference suppressor (Ul) to the
primary windings of transformers T2 and
T4 (fig. 14). Transformer T4 has two 4V
secondary windings which supply the




T2 l ~13oy
Igz VIl vre2 £20
° T
8ov Ul g
2p00¢c/s § M LINK 8
19/1_-0 v
SUPPRESSOR E v 3V RSO wws7¢
>V —C
470 K -4 KV

(wot usen )

2 g X
.3' @x cw)lzsn
| Y —— (Y‘O)
! X q >
X

00—
Ll 90OH TO SPARK GAP

A
St ‘
ON/OFF
/ T <
=X lcis gaza
023 IOOM
\Hi g"g 2KV ohs
=|—1/
V277 ADJUST OVERLOAD
(] — ‘
RVS 150
L METER
LINK 4
Yy l
Fig. 14. Power pack

heaters of the high voltage rectifiers V5
and V6. The heaters of the remainder of
the valves in the unit are supplied by a
6 -3V winding on T2 which has one side
earthed. A separate secondary winding on
T2 is connected to a low-current rectifier
(V11, VR92) which develops a —130V bias
supply ; this supply is smoothed by con-
denser C20 (0-5 uF).

42. The AC supply is also fed through
switch S1 (EHT oN JoFF) and relay contact
H2 to the primary of transformer T3 which
is connected with V5 and V6 (CV277) and
condenser C18 (0-25+4+0-25 uF) in a
voltage doubler circuit generating —4 kV
for the modulator output circuit. The
input taps on transformer T3 are adjustable
and enable the peak output power of the
modulating pulse to be varied between 160
and 200 kW. The —4 kV supply is fed
through the 90 henry choke (L1) to the
artificial line and spark gap, and also
through resistor R50 (270K) to a high
voltage WW socket on the front panel of
the unit. The output from this socket is
45 kV DC at a maximum current of 2 mA
when the modulator is on full load and R50

is shorted by link 6. If link 6 is open,
a reduced voltage output is obtained,
depending on the current drawn which
must not exceed 1-2 mA. As this supply
is not used in H2S Mk. 4A the position of
link 6 is not important.

43. The 330V HT supply for the modu-
lator is fed from the power units via junction
boxes, Type 341 and 326 to pin 8 of the
18-way WW plug. When the internal
locking circuits are not used the supply to
valves V1 and V2 is broken by switch S2.

44, The 24V DC supply is fed from pins
18 /4 and 18/5 through a suppressor to the
internal blower motor. This supply is also
fed from the suppressor to a two pin WW
plug on the front panel of the unit, and this
plug is connected through a length of cable
to the external blower motor at the rear
of the wind tunnel.

HT switching and protective circuits

45, Details of the modulator HT switching
and protective circuits can be seen from
fig. 16. This figure also shows the overload
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circuit in transmitter - receiver, Type
TR.3523E and the switching circuits in
control unit, Type 552 and the computer
for the sake of clarity.

46. The safety valve (V3 (1) ) switches off
the modulator if an overload develops in
the modulator or transmitter high voltage
circuits and keeps it switched off for 10
seconds. Normally, this valve is cut off
by a grid bias of —60V so that relay D is
not energized and its contacts are in the
positions shown ‘in fig. 16.

47. When the H2S Mk. 4A equipment is
switched on the 80V AC supply to pins
18/1 and 18/2 and the 330V HT supply

to pin 18/8 are completed. Thus all the
valve filaments warm up and the priming
pulse generator begins to operate. Relay
H is not energized, however, as there is no
330V supply to pin 18/9 and in consequence
the HT supply to the trigger valve is broken
by contact H1 and the 80V supply to the
EHT transformer (13) by contact H2

(fig- 14).

48. Three minutes after the H2S equip-
ment is switched on, relay contact B4 in
the computer (Chap. 10) closes, completing
a 330V supply to a switch in control unit,
Type 552. This switch is the TRANSMITTER
ON [OFF switch and when it is in the on
position the 330V supply from the com-
puter is fed to pin 18/9 on the modulator
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thus operating relay H (relay contact D2
s normally closed). When relay H operates
contact H1 completes the. HT supply to
e trigger valve and contact H2 completes
Fhe 80V supply to the EHT transformer
ovided that switch Sl is closed. Switch
g{ (EHT ON JOFF) is used to switch the
modulator power circuits on and off during
gervicing, but must be left in the closed
sition for operation in aircraft. The
modulator is now fully switched on but
the modulating pulse can be switched off
py means of the TRANSMITTER ON |OFF
gwitch on control unit, Type 552. Details
of the action of the delay circuit in the
computer are given in Chap. 10. _The
urpose of the- three minutes delay is to
revent damage in the modulator or
transmitter circuits due to the development
of high voltages before the valves have

properly warmed up.

49. As described in para. 33 the overload
relay E is connected in parallel with the
variable resistor RV5 (150 ohms) in the
voltage doubler circuit (fig. 14). The
variable resistor RV5 (ADJUST OVERLOAD)
s set by the manufacturer so that the
relay operates when the current flowing
through the relay and resistor in parallel
reaches 100 mA ; link 4 enables this current
o be measured by connecting an ammeter
in series with the power pack and the relay.

50. The normal mean current in the

modulator output circuit is less than 100

mA but a fault may occur which causes it

1o rise above this level. Relay E then

Operates and initiates the following chain
events,

[} Contact E1 connects the grid of V3 (1)
to earth through the leak R30 (1M).
The valve conducts and relay D in its
anode circuit is energized.

) Contact D1 connects the feedback
condenser C17 (0-5 uF) between the
anode and grid of V3 (1). Contact D2
opens, thus breaking the earth con-
Dection to relay H which releases.

Bl Contact H1 disconnects the 330V HT

Supply to the trigger valve and contact

2 breaks the 80V supply to the

HT transformer. As a result the

V power pack stops operating,

the current through relay E falls to
Zero, and the relay releases.

A.P.2890 Q(2), Vol. I, Part I, Chap. 3

(4) When relay E releases, contact E1
opens and the grid of V3 (1) is re-
turned to —60V through R30 (1M)
and R37 (330K). This tends to cut
the valve off but the rise in anode
potential is fed back to the grid
through C17 thus delaying the fall in
anode current. In about 10 seconds
the anode current will have fallen
sufficiently, however, for relay D to
release,

(5) Relay D releases and contact D1
restores the safety valve circuit to its
normal state. Contact D2 remakes
the earth connection to relay H which
operates, provided that the TraNns-
MITTER ON [OFF switch on control unit,
Type 552 has not in the meantime
been put in the off position.

(6) Relay H operates and contact H1 re-
connects the HT supply to the trigger
valve. Contact H2 restores the S0V
AC supply to the EHT transformer
and the modulator is again fully
switched on. If the fault which
caused relay L to operate has now
cleared normal operation will be re-
sumed. If the fault persists, however,
relay E will trip again and the cycle
will repeat.

51. An overload relay (relay D in fig. 16)
is also connected in the primary circuit of
the pulse transformer in transmitter-re-
ceiver, Type TR.3523E. A full description
of the method of operation of this circuit
is given in Chap. 4. When an overload
develops relay D operates and contact Dl
earths pin 9 of the transmitter 12-way W
plug. This pin is connected via junction
boxes, Types 325, 341, and 326 to pin 12 of
the modulator 18-way WW plug and thence
to the grid circuit of the safety wvalve
V3 (1). The operation of relay D in the
transmitter consequently has the same
effect as the operation of relay E in the
modulator in initiating the cycle described
in para. 50. The modulating pulse is cut
off for at least 10 seconds giving the trans-
mitter circuits time to recover.

Internal locking circuits

52. In H2S Mk. 4A the modulator priming
pulse generator runs at a p.r.f. which is
determined by the locking waveform fed
to it from waveform generator, Type 61
and the internal locking circuits of the
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modulator are not used. A brief description
of these circuits (fig. 1) is given below,
however, as it may he desired to use them
when setting up the transmitter without
using the whole equipment.

53. Valve V1 (VROI) is a phase-shift
oscillator which produces a sinusoidal wave-
form at its anode. The frequency of the
output is determined by the resistance-
condenser network between anoce and grid

and can be set to 1,200, 930, or 850 c/s
for normal operation by altering the
positions of links 1 and 2; a fine control
ol the pr.f. is provided by RVZ. By
earthing pin 18 /10 relay B is operated and
the p.r.f. of the circuit is reduced to 600 c /s
by switching in a different network ; a fine
adjustment of the p.rf. is provided by
RV3. Similarly, by earthing pin 18 /7 relay
C is operated and the p.r.f. reduced to 350
¢ /s., RV1 providing a fine adjustment.
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The sine wave from the anode of V1

is .fed through a long time-constant circuit
14, C11) to the grid of V2 (2) (6SN7)
which is 2 squaring stage. The square
waves from the anode of V2 (2) are fed to
the grid of V2 (1) which has a ringing circuit
in its anode. The output from V2 (1)

A.P.2890 Q(2), Vol. I, Part I, Chap. 3

consequently consists of positive and nega-
tive rings which are fed through the
INTERNAL [EXTERNAL LOCK switch to the
priming pulse generator. The positive
voltage rings are removed by a diode
(V4, VR92) and the hegative rings lock the
priming pulse generator to run at the same
p.r.f. as the phase-shift oscillator.

CONTROLS AND CONNECTIONS

Pre-set controls

§5. Although other settings may be used
when setting-up the H2S Mk. 4A equipment
on the bench the pre-set controls in the
modulator must be set as described below
before the unit is inserted in its pressurized

cylinder.

Modulator power pack switch

8. Switch S1 (EHT ON /OFF) is used to
switch off the —4 kV power pack when
servicing, but must be finally left in the
on position.

Lock switch

57. Switch S2 (INTERN..L [EXTERNAL LOCK)
must be in the external locl: position so that
the priming pulse generator runs at the
same p.r.f. as the locking pulses from the
waveform generator.

Pulse length control

88. The variable resistor RV5 (aADJuST
20 ps) must be set so that the length of
Positive priming pulse at pin 18/16 is 20 s
at half amplitude.

DOverload adjustment

59. The variable resistor RV5 (aApjust
OVERLOAD) must be set so that relay E
Operates when the current in the voltage-
Goubler circuit reaches 100 mA. Link 4
®uables a meter to be connected in series

with the overlo sreni
current, ad circuit to check the

Modulator output power

The 80V in
put taps on transformer
T3 nvmlSt be set for minimum output from
oltage doubler circuit,

Baokitizeq p.r.f. controls

Rev;anable resistors RV1 (ApjusT
D, (ADJUST  850-950-1200), and
JUST 600) control the p.r.f. of the
Or Internal locking circuits, As

these circuits are not used in H2S Mk. 4A
the settings of the controls are not important.

Free p.r.f. control

62. When the modulator is switched to
external lock but no trigger pulse is fed to
the unit RV6 (FREE PRF) can be used to
control the p.r.f. of the priming pulse
generator if link 3 is in the cont. position.
The setting of this control is not important
in H2S Mk. 4A as link 3 is in the lock
position.

Links

63. Links 1 and 2 control the various
stabilized frequencies of the internal locking
circuits. The position of the links is not
important in H2S Mk. 4A.

64. Link 3 must be in the lock position
for internal or external locking of the
modulator. When the INTERNAL /EXTERNAL
LOCK switch is in the external lock position
but there is no locking pulse on pin 18 /15
and link 3 is in the cont. position the p.r.f.
of the priming pulse generator is controlled
by the FREE PRF control. For use in
H2S Mk. 4A link 3 must be in the lock
position.

65. Link 4 enables a meter to be connected
in series with the voltage doubler circuit
so that the overload adjustment can be
set correctly. The link must be closed for
normal operation of the modulator.

66. Link 5 must be closed (Var PL
position) for use in H2S Mk. 4A. If it is
left open (} us onmly position) the pulse
length will remain } xs when switching to
the 2M scale instead of increasing to 1 us.

67. Link 6 is in parallel with R50 in the
external —4 kV DC supply ; its position is
not critical in H2S Mk. 4A as this supply
is not used.



ALonnections

68. Connections to the modulator are made

via one 18-way

WW plug and two single

pole high voltage WW sockets ; details are

as follows ;(—

(1) Plug, Type WWG601; 18-way wviolet,
connected to junction box, Type 326.

Pins 1
and 2

Pin 3
Pin 4
Pin 5
Pin 6

Pin 7

Pin 8
Pin 9

Pin 10

80V, 2,000 c/s.

Earth.
—24V DC.
+24V DC.

This pin is not connected
externally.

Earthed when the equipment
1s switched to beacon opera-
tion if control unit, Type
565A has not been modified.

+330V.(2)

+330V(1) when the TRANs-
MITTER ON /OFF switch on
control unit, Type 552 is in
the on position and the 80V
supply to the equipment has
been switched on for at least
3 minutes.

Earthed when the scaLe
switch on indicating unit,
Type 300 is in the 2M position.

Pin 11
Pin 12

Pin 13
Pin 14

Pin 15

Pin 16

Pins 17
and’18

Blank.

Transmitter overload. Thjg
pin is earthed if relay D i,
TR.3523E operates.

—100V, 1us ] Co-incident
pulse with the
+50V, 1 ps | modulating

pulse pulse.

External locking pulse from
waveform generator, Type 61,

+50V, 20 us priming pulse
output.

Blank.

(2) Socket, Type WW376 ; plain —3-5 kV
modulating pulse to transmitter-receiv-

er, Type 3523E.

(4.L. 18).

(3) Socket, Type WWS576 ; wviolet, —4 kV

DC output.

This socket i1s not ex-

ternally connected.

69. In addition to the above plug and
sockets there is a 2 pin WW plug (Type
556A) on the front panel which carries the
24V DC supply to the blower motor at the
rear of the wind tunnel.
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on again until the circuit has had time to
recover. If the fault persists the Aaction
of the circuit will be to continue switching
off the modulating pulse each time it s)
re-applied. The 1 uf condenser (C108) in
grallel with the winding of relay D(l)
smooths the current pulse passed by the
spark gap. A transient high voltage will
not operate the safety circuits because of
the delaying effect of this condenser.

Output waveguide

3l. The portion of the output waveguide
which is in the TR.3523E is made up of
three sections, the first section forming an
inteeral part of the magnetron assembly.
The magnetron output probe extends about
half way across the guide which has a
rectangular section. The probe launches an
H, wave in the guide; a fixed matching
stub is used.

32. The second section of waveguide
includes a right angle bend and is sealed
off from the third section by means of a
mica seal. The first two sections of the
guide can thus be kept at atmospheric
pressure regardless of the height at which
the aircraft is flying ; a Schrader valve is
provided in the second section. The mica
window is supported by a backing plate and
the window must be inserted with the mica
facing the magnetron. RF arcing is un-
likely in the pressurised sections if the
joints are airtight.

33. The third section of the waveguide
runs from the pressure seal to the front
panel of the unit. This section has three
branch arms leading to the anti-TR cell,
TR cell, and AFC mixer.

COMMON T AND R SYSTEM
34. The physical details of the waveguide®
assembly are shown in fig. 9; the final
section of guide passing to the front panel
forms the common T and R system.

35. The anti-TR cell (V20) is mounted in
a stub which is coupled to the main wave
€
guide in the H plane; a /—('5 plate mounted
opposite maiptains a 0-5:1 coupling over
a + 2 per cent. frequency band, without
Introducing appreciable reflection along the
waveguide. The cell itself is an argon-
filled, type CV115, having a tuning piston
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which may be adjusted to obtain the
maximum flow of echo signal energy into
the TR cell.

36. During the period of the transmitter
pulse, flash-over of the tuned slot in the
type CV 115 effectively makes the side of
the main guide continuous and the stub
has no effect. When the signals return
the tuned slot cannot arc with the low
potentials and the effect of the stub is
that of an impedance which when added
vectorially to that of the arm leading to
the magnetron causes the signals to see a
high impedance in the direction of the
magnetron when they reach the junction
of the TR cell branch arm.

37. The TR cell (V17) coupling occurs ézi

further along the guide, and is in the E
plane. The cell is a CV 221 or 1B24 type
of valve, an improved type having a wider
pass-band than the earlier corresponding
type CV114. The probe or * keep-alive
electrode of the cell is supplied with a
negative potential from a separate rectifier
V9 in the power pack contained in the
unit, which produces —1,000 V.; a series
resistance of 5-5M is used to limit the
current drawn to a safe value of 100 - 200
microamps, and the probe is then at about
—300V. The 5-5M resistance is composed
of two resistors in series, one being mounted
close to the probe to prevent squegging.
The TR cell has a tuning control, so that
it may be correctly tuned to magnetron
frequency for maximum flow of signal
energy to the crystal mixer.

38. During the period of the transmitter
pulse the tuned rhumbatron in the cell
flashes over and effectively makes the side
of the main guide continuous. Only a small
amount of energy leaks through the cell to
the signal mixer and this is insufficient to
damage the crystal. During reception the
rhumbatron cannot arc over and signals are
fed through the cell to the mixer. The
probe and ‘“ keep alive ”” voltage are used
to ensure speedy ionisation and deionisation
of the cell so that the period of flash-over
is as nearly as possible coincident with the
period of the transmitter pulse.

SIGNAL MIXING
39. Incoming signals are mixed with the
CW output from a klystron local oscillator
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(V19, type 723 A/B) details of which are
given in para. 49 to 61, to give an inter-
mediate frequency of 45 Mc/s. Reference
to fig. 9 will show that mixing occurs in
one part of a section of waveguide which
forms the ““ mixer bridge.” The crystal
(V21, type CV 253) is mounted in the guide,
and the signal local oscillator, mounted on
top, has an output probe brought out
through the valve base and into the guide
through a hole in its upper surface. The
probe is insulated from the guide by a
polythene bush.

40. The TR cell coupling is in the E
plane, at a point between the crystal and
the local oscillator probe, and a plate
opposite the junction provides the necessary
match between circular and rectangular
guide, at the same time improving the
degree of coupling.

4]. For the best possible heterodyning
there is an optimum level of local oscillator

feed to the mixer, and this may be checked
by observing the resulting crystal current
at the jack on the front panel. The correct
reading is 0-6 mA, and the method of
regulating the local oscillator feed to adjust
the current reading is as follows. An iris
is fixed across the narrow dimension of the
mixer guide, so as to form an inductive
slot, at a point near the local oscillator
input probe and exactly half a wavelength
distant from the centre line of the matching
plate mentioned in the last paragraph. The
inductive slot is tuned by a variable
capacitance formed by an adjustable screw
in the lower surface of the mixer guide;
this screw may be adjusted by means of 2
flexible coupling as seen in fig. 9.

42. In addition to controlling the amount
of local oscillator feed, the presence of the
inductive iris and its tuning capacity
half a wavelength from the TR coupling
has the effect of directing the received
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ds the crystal, with very
loe:: riﬁ’ot(glv: rloca.l oscillator itself and
e AFC mixer section of the guide.

. nnedance of this tuned circuit

' mgh;aggguide will depend on the fre-
tn of the klystron, so any appreciable
e of frequency will cause a change 1n

to the mixer, varying the
the ecergy oW Final adjustment of the

current.
::ll current must therefore be made

after the klystron frequency s known to
be correct.

Resistive attenuator . ) ]
44. When the coupling screw 1s adjusted
for correct crystal current, the impedance
of the tuned circuit will not be equal to
the wave impedance of the guide, so there
will be a standing wave between the
klystron probe and the diaphragm. This
means that the mixer presents a load to
the klystron which is partly resistive and
partly reactive ; the value of the reactive
component varies with the frequency, and
may, over parts of the required frequency
range, be large enough to cause frequency
jumps instead of a smooth variation as the
reflector voltage of the klystron.is vared

45 To minimise this effect a resistive
attenuator, consisting of a small strip of

anilax coated on one side with graphite,

inserted through two slots in the } in.
sides of the waveguide. This reduces the
standing wave to small proportions, so that
no serious difficulty due to frequency
jumping is encountered.

Mixer output
46. The output from the signal crystal is

rectified CW with a modulation envelope
at 45 Mc/s, the difference frequency. A
!lx’uca washer, in the assembly of the blue
ye plug which takes the output, bypasses
e RF to the earth provided by the wave-
f:lgl: wall ; so the output taken by cable
g he head amplifier (para. 92) consists of
eived signals at 45 Mc /s superimposed

on the DC com
oscillations. ponent due to the CW

"hlhz on

* Beacon "

etre are certain differences in the
Stage when the beacon klystron

fMixer
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(V18, type 723 A[B) is operating. The
beacon klystron is mounted on a separate
section of waveguide (fig. 9) and probe-
coupled into it; a nine-inch length of
Uniradio 41 terminated in a probe at each
end completes the coupling to the mixer.
Both probes on the cable can be adjusted,
and this provides for setting the crystal
current to the correct value of 0-6 maA.

48. In practice, the probe at the klystron
end of the cable (the output probe) is always
kept in the position of maximum coupling,
and adjustment is made only to the input
probe ; sufficient feed to the crystal can
then be obtained with very loose coupling
to the mixer. The arrangement minimises
loss of signal energy from the mixer to the
klystron.

THE LOCAL OSCILLATORS

49. The local oscillators are both American
reflector klystrons (valves, type 723A or B).
V18 is the beacon and V19 the signal
oscillator ; both operate in exactly the
same manner.

Voltage supplies

50. Details of the supplies to the osciliators
are as follows. In the TR.3523E power
pack (para. 95) a full-wave rectifier (V10,
type 5U4G) develops a 300 volt stabilized
supply and the negative side of this is
connected to the positive side of the 330V.
supply from power unit, type 567D uvia
pin 12/6, so that a total HT voltage of
630 volts is. available for the klystron
resonators. This is applied to one or the
other by relay contact B2 (details of switch-
ing are given in paragraphs 57 to 61). The
cathodes are connected to the 4 330
volt line, and the heaters are supplied with
6-3V. AC, one side being tied to the cathode.
The reflector voltage is variable, and is
controlled on normal operation by the
AFC circuit, and on manual tuning by a
potentiometer connected between + 330V.
and earth ; in both circumstances the mean
reflector potential is about 90 to 100 volts
negative with respect to the cathode. All
of these supplies are brought to the mixer
bridge via a small eight-pin Jones plug and
socket at the rear of the amplifying unit
sub-chassis,



S5I. Supplied with the voltages stated
above, the Klystron oscillates.  Its fre-
quency of wscillation may be. varied by
mechanical means over a range of about
1,000 Mc /s, and when this has been pre-set
a variation of about 440 Mc/s can be
obtained electrically ; for the purpose of
this equipment the oscillators are mechani-
cally pre-set o a frequency 45 Mc /s below
transmitter frequency, and the electrical
means of variation is used in automatic
frequency control and manual tuning.

Tuning mechanically

52. In mechanical tuning, the saape of
the resonant cavity in the valve is distorted ;
this is achieved by turning a square-ended
screw provided on the valve (see the
sectioned drawing in fig. 9), which puts a
varying pressure on the top of the resonator
by flexing a pair of spring bows ; clockwise
rotation of the screw decrcases and anti-
clockwise increases the frequency.

WARNING

A special insulated tuning tool is pro-
vided, and must always be used when
altering the mechanical tuning, because
the tuning control screw is at the re-
sonator potential of 630 volts positive
with respect to earth.

Tuning electrically

53. In general terms, for any given
mechanical setting and the given resonator-
cathode potential of 300 volts, these
klystrons will oscillate at five different
ranges of reflector-cathode potential; this
is described as oscillating in five ‘‘ modes.”
The mode chosen for use in the TR.3523
series is the third, which means that the
valves will oscillate at a range of reflector-
cathode potential somewhere between —75
and —135 volts, the mean value usually
about —90 to —100 volts. The amplitude
of oscillation is a maximum at the mean
value, and falls away to cither side; the
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Local oscillator switching
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o5 through this point, in-
chasv:'}iesreﬂectog-cathode potential
increased and decreasing as it is decreased.
Eh diminishing amplitude limits the useful
which also depends to some extent

ding of the klystron and the
oa i l-oain1 tghe conditions of operation

h:ﬁ's egq'uipment the useful range of tuning
this method is centre frequency plus

?“yminus 40 Mc /S-

stated in paragraph 50 the cathode

of thssklystron isp held at +330 volts, so
ing is carried out by varying the voltage
fed to the reflector. When the reflector
ential is brought up towards that of
the cathode, frequency falls, and when the
yoltage is driven down lower, frequency

{nereases.

Manual tuning
8. When the function switch (5W1) on
the front panel of the TR.3523E is in the
BPBACON Or MANUAL positions the variable
voltage for manual tuning is obtained from
the potentiometer chain R70 (18K), R71
(SOKF;. and R78 (10K). This chain is con-
pected in parallel with two neons (V12
V13, type CV188) which are in series with
R62 (14K) across the 330V. supply; the
voltage drop across the neons and therefore
8cross the chain is approximately 200V.
The voltage from the slider of the tuning
potentiometer (R71), which is fed to the
veflector of the appropriate local oscillator,
consequently be varied from about 50
%o about 150 volts below that of the cathode
which is at 4-330V.

8. Reference to fig. 11 will show that a
eatiometer chain consisting of R2 (100K),

1 (200K) and R3 (68K) in control unit,

© 5654 is connected in parallel with the

in TR.3523F. When switch SWI1 is

=°C In the REMOTE position and the
o mot;l the control unit in the BEACON
& out of% Position the slider ‘of R71
o Vgtiu}t and the voltage from the
m'mﬂ In the control unit is fed to

eacillat,, ector of the appropriate local

"Mlng

B Dety;
Sirct. tails of the local oscillator switching

Seen from fig. 11. In the
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aircraft installation, as has been explained
in paragraph 9 above, the function switch
(SW1) and manual tuning control (R71) on
TR.3523E are duplicated by controls on
control unit, type 565A mounted near the
operator.- The contfol unit is connected
directly to TR.3523E by means of a 4-way
cable and switch SW1 is kept in the REMOTE
position. For bench setting-up, however,
switch SW1 and R71 can be used and the
control unit dispensed with as far as
TR.3523E is concerned.

58. \When the function switch (S\V1) on
TR.3523E is in the NORMAL position the
windings of relays A and B are open-
circuited and the relay contacts are in the
positions shown in fig. 11. The resonator
of the signal local oscillator is connected
to the +630V. line and its reflector to the
output of the AFC circuit which supplies
the tuning voltage (para. 62-91). The
beacon local oscillator has no HT supply
to its resonator and so cannot operate.

59. In the MANUAL position of switch
SW1 the relay windings are connected in
series with RGS (G2K) between 4330V, and
earth. Enough current flows through the
windings to energize relay A but not relay
B which requires a much higher operating
current. The resonator of the signal
klyvstron is still fed with 630V. but contact
Al disconnects the reflector from the AFC
circuits and connects it instead to the slider
of R71 ; contact A2 cuts off the HT supply
to the sweep valve in the AFC circuit.

60. In the BEACON position of switch
SW1 the relay windings are connected
directly between +330V. and earth and
both relays operate. Contact Bl at once
brings R66 *(3-5K) and R63 (3-5K) into
the circuit to limit the current to a suitable
holding value and shunts the winding of
relay A by R67 (1K) to avoid overloading
it. At the same time contact B2 switches
*he 630V. HT from the resonator of the
signal klystron to that of the beacon
klystron. The reflector of the beacon local
oscillator is already connected to the slider
of R71 through SW1. Contacts Al and
A2 disconnect the AFC circuit as described
in paragraph §9.

6l. When switch SW1 is in the REMOTE
position the slider of R71 is disconnected
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from the slider of VRI
:d fve voltai;it is used instead. Relay

1
'the -”ngocmed out by means of the

ghree-positi switch on the- control unit.
n thgos;l&tll'%l position of this switch the
secqit is as described in paragraph 58 ; in
MANUAL and BEACON positions the circuit

s as described in paragraphs 59 and 60
ively except for the change in the

manual tuning potentiometer.

AUTOMATIC FREQUENCY CONTROL

&2. In normal operation of the equipment
the reflector voltage of the signal klystron
fs varied about its mean value by an auto-
matic frequency control circuit, whose
se is to ensure that the local oscillator
uency remains always at a constant
difference from magnetron frequency. In
order to do this, some of the magnetron
output is mixed with the local oscillations
lndp assed through a discriminator circuit
which is arranged to give a positive or
negative-going voltage output as the beat
frequency varies from 45 Mc/s towards
43 or 47 Mc/s; this voltage is applied to
the klystron reflector, and alters its potential
in the sense required to correct the variation.
If the beat frequency varies outside the
43-47 Mc/s range, a sweep valve comes
into operation to bring it in again.

AFC mixing

€. The transmitter feed to the AFC
muxer can be seen in fig. 9. A circular
Waveguide is coupled in the E plane between
Jmnain guide and the mixer bridge; a
¥ection of the coupling guide, near the
end, has a diameter below cut-off,

e coupling to the main guide is

Ugh a small hole. This arrangement

®ds only a very small amount of trans-
AFWC energy to the mixer bridge. The
crystal (V22, type CV253) of the same

‘:,; the signal crystal, is' mounted in
output er bridge, and the local oscillator
by an i}l’gislgg to this mixer is controlled
=i Signalc Ve 111s and tuning screw just
mixing (para. 39). The iris is

A
half 5 Wavelength (—% distant from the

mietgfs circular waveguide input, and
Mitter il loss of the attenuated trans-
h‘mixer S tﬁOWards the oscillator and

» the E-plane coupling from the
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main guide presents a low impedance in
series with the mixer and local oscillator,
and conveys the local oscillator feed to the
crystal.

64. The correct setting of the mixer tuning
screw is that which gives a crystal current
of 1 mA, and the final adjustment should be
made after the klystron frequency has been
set up correctly.

65. The AFC mixer output is taken off
by the red Pye plug, and this has a mica
washer incorporated to by-pass the RF
component, so that the output passed to
the discriminator circuit consists of half
microsecond pulses at the beat frequency
superimposed on the DC component due
to the klystron oscillations, recurring
continuously at the PRF of the equipment.

Video amplifier

66. The beat frequency output from the
AFC mixer is fed through C18 (0-001 uF)
to the grid of V3 (type VR91), a 45 Mc/s
pulse amplifier. The DC component of the
mixer output is bypassed to earth through
the choke L8 and the AFC crystal current
jack, J2. When a meter is inserted in
J2 the DC component of the mixer output
1s developed across C17 (0-001 xF) and can
be read as a current indication on the meter.
The output from the anode of V3 is fed
through C29 and C40 (100 xxF) to the grids
of V5 and V6 respectively.

Discriminator

67. The pulses applied to the grids of V5
and V6 (type VRO1) cause voltages to be
induced in the secondaries of the trans-
formers L11 and L12; theseg are rectified
by V4 and V7 (type VR92), which conduct
on the positive swings, and smoothed into
negative DC voltages, the smoothing time-
constants being C25 (0-01 xF), R24 (1-5M),
for V4, and C43 (0-01 xF), R45 (1-5M)
for V7. The negative voltages are fed back
to the grids of V5 and V6.

68. L11 is tuned to 47 Mc/s and L12 to
43 Mc/s. If, therefore, the applied pulses
are at 45 Mc/s (that is, equally off-tune
for both circuits), the voltages induced in
the secondaries of these transformers will be
equal, and the negative DC voltages ult-
imately fed back to the grids of the valves
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will be equal. But if the input drifts
towards 47 Mc/s, the voltages induced in
the secondary of L1L will be greater, and
thuse in L12 smaller ; and the grid of V'3
will go more negative while that of V6
rises. Conversely, a drift towards 43 Mc/s
will make the grid of V6 more negative,
while that of V3 rises.

69. The gricis of V'3 and V6 are connected
through C61 /0-02 4 17). If it could be certain
that the timc-constants €25, R24 and (43,
R45 were exactly equal, there would be no
need for C61; but compounent tolerances
niust be allowed for, and there is a possibility
of a greater exponential decay at one grid
than at the other in the interval between
pulses, upsetting the balance upon which
the successful uperation of the circuit
dcpends.

70. V35 and V6 also operate as a cathode-
coupled DC amplifier, having a common
cathode load, R75 and R3G, returned to a
negative voltage point.  The anode load of
V5 s fixed, but that of V6 is variable by
means of R38 in whose halfway position
the valves are equally loaded. Both valves
are normaldly conducting, and if the voltages
at the grids are equal, with equal anode
loads, the total cathode current will be
shared cqually between them.  This is <o
when the beat frequency input is at 45
Mc /s.

71. Now, if the inpu! from V3 drifts
towards 47 Mc/s, the increased negative
voltage on the grid of V5 will cut down the
current taken by that wvalve, and this
(assisted by the fact that V6 grid is now
less negative) cavses an increase in o the
current taken by V6, and there is a fall in
potential at V6 anode.

72. When operating on AFC the anode
potential of V6 is applied =i« a suitable
smoothing circuit to the reflector of the
signal klvstron V19. The klvstron cathode
15 at +330 volts, the same as the dis-
criminator HT voltage, and the circuit
values have been chosen so that the voltage
fed from V6 anode to’ the reflector when
V5 and V6 are balanced is the correct value
to tune the oscillator to a frequency 45
Mc /s below that of the magnetron. Exact
adjustment of this is made by means of
R38 (20K) when setting-up.

73. A fall in poteatial at the anode of Vg
will send the klystron reflector more negative
with respect to the cathode, and this wip
increase the local oscillator frequency (para
54). Since the local oscillator is tuneq
below magngtron frequency, an increase
of oscillator frequency will decrease the
beat freqnency, and so tend to correct thy
original drift which was towards 47 Mc/s,

74. 1t s casy to follow through the
argumenc in the case of a drift towards
43 Mc /s, and find that the resultant rise at
VG anode decreases local oscillator fre.
quency and again corrects the drift. [t
will be apparent that the circuit as designed
would not function if the klvstron were
tuned to a frequency 45 Mc/s above that
of the magnetron, since the discriminator
output would then always tend to increase
the error.

75. To obtain the right amount of correc-
tion with such a circuit involves carefu]
desipn and choice of suitable component
values ; some details of the result achieved
are of importance to the user, and will now
be more closely considered.

76. \When setting-up the cquipment, the
local oscillator is first manually tuned to the
correct  frequency ; R3S is then  pre-set
(with no input to V3) to produce at the
junction of R39 (8-2K) and R40 (330 ohms)
a potential equal to that at the slider of
the manual tuning control.  \When the
equipment is operating on AI°C this potential
is applied to the klystron reflector, and
(il the magnetron is correctly tuned) the
beat frequency pulses arriving at V3 are
at exactly 45 Mc/s. The discriminator
circuit is in a balanced condition, since the
anode circuits of V5 and V6 are equally
off-tune, and the potential at the junction
of R39 and R40 is at its mean value as
pre-set, known as the mean reflector
potential.  In this condition the discrimt-
nator is regarded as having no output.

77. If a frequency drift now occurs which
sends the beat frequency off 45 Mc /s, each
ofi-frequency pulse produces a momentary
rise or fall of potential at R39, R40; the
discriminator output then consists of largé
positive or negative-going voltage pulses
superimposed on the mean potential.

parallel CR circuit R47, €46, with a tim€
constant ol -025 sccond  smoothes thB
ontput ~o that the effect at the klystro?
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slight rise or fall above or
: m:an %otential. This does not
ﬂfp be large ; the klystron frequency
ange by anything from 2 to 7 Mc/s

Ee volt change in potential.
“ s¢ the correction applied from
% mmlifnator were the exact value

W to re-tune the klystron to bring

uency back to 45 Mc/s, the
mkmxflef;:qwoulg be unstable. This is

wugs: as soon as the beat frequency
' to 45 Mc/s there is no output from
discriminator to keep the klystron
ganed on the corrected frequency, so the
Beat frequency drifts off again. To produce
& stable effect the circuit has b(:}en_plgmned
wg that if a drift occurs the discriminator
gutput immediately produces a slight over-
gorrection. This in turn produces a pro-
ionately slighter overswing in the other
jrection, and so on, until the beat fre-
quency settles to an approximately stable
walue, very close to 45 Mc /s.

M. Note that the beat frequency can
never be exactly 45 Mc/s so long as any
gorrection is required to be maintained,
since at 45 Mc/s the discriminator gives
no corrective output. But it will be seen
more clearly in the course of the next few
graphs that it is never so far off 45
¢/s as to be outside the bandwidth of the
bead amplifier and IF stages.

Bweep valve
msa}h? discaixr;inator circuit cannot com-
€ for a drift of beat frequency beyond
ge or 47 Mc/s. It will be rememered’that
amplifier stage V3 is tuned to 45 Mc /s
Jits output therefore diminishes in
::lphtude as the input goes off tune. Up
47 or down to 43 Mc/s this is offset by
tuned circuits in the anodes of V35 and
gu;ng a bigger response ; at about 47
2 _ltVIc/s the potential at V6 anode
b!,vo'mhnd : hs lowest and highest values, but
Cninat ese points bpth V3 and the dis-
oty Or valve circuits are going further
oo rune, and the discriminator output
y °comes too small to apply the
core :}tl)}'rectlox} to the oscillator. It is
Wrico bls contingency that the sweep
35 been included in the circuit.

)
Thfs}i}}'eep valve V8 (type VROI) is
Ve VOltal, t oscillator producing a sine-
§¢ output at a frequency of
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about 2 c¢fs. Its anode is coupled back to
the grid by the CR combinations C48,
R49; C49, R50; and C 50, R51 (each
0-05 uF and 470K), the sum of the phase-
shifts introduced by the condensers pro-
vides positive feedback of sufficient ampli-
tude to cause sustained oscillation. The
grid leak of the valve (RS51, 470K) is con-
nected to the slider of the potentiometer
R75 (250 ohms) in the common cathode
load of the discriminator valves V5 and
V6.

82. When there is an appreciable input
from V3 to the discriminator the grids of
V5 and V6 are fed with negative voltages
developed across the diode loads R24 and
R45; but when the beat frequency is far
off tune the grid potentials can assume a
higher value, since the negative voltages
across the diode loads are negligible. That
is to say, V5 and V6 conduct more heavily
when the beat frequency input is far off
tune. The values of the components in the
circuit ensure that when the input is within
43-47 Mc/s, the reduced current in the
valves keeps the potential at the slider of
R75 low enough to cut V8 off on its grid ;
but when the frequency of the input is
outside the 43-47 Mc /s range, the increased
current in V3 and V6 raises the cathode
potential until V8 comes into operation.
The actual point at which this occurs is
controlled by the setting of R7S.

83. The anode of V8 is connected to the
klystron reflector wia C47 (1 uF), R4S
(1M), and when V8 oscillates the reflector
potential is made to vary sinusoidally over
a large range about the mean potential set
by R38. The klystron then sweeps through
its electrical tuning range, and reaches a
point at which a beat frequency within
the range of the discriminator is produced.
As soon as this occurs, a corrective output
is obtained at V6 anode ; and the grids of
V5 and V6, going more negative, cut down
the common cathode current and drive V8
grid below cut-off. The discriminator
circuit then continues to hold the beat
frequency stable, locking at the point where
the beat frequency sits off 45 Mc/s to the
extent necessary to correct the klystron
frequency by the amount required to give
this offset.



continuously applied by the
discriminator in these circum.
stances may be quite large ; and
the larger the correction, the
greater will be the amount by
which the beat frequency sits
off 45 Mc/s. An example will
show, however, that with this
circuit the deviation will not be
large enough to matter.

86. The graph in fig. 13B is
an idealised static discriminator
characteristic curve, plotted by
injecting a series of different
frequencies into V3 and noting

o}
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P

the anode potential of V6, at
the junction of R39 and R4O in
eachinstance. The curve therefore
shows the steady correction
voltage output arrived at when
the circuits have settled down to
a given off-tune frequency, and
vice versa.

87. Suppose that, on switching
on in the air, the initial beat
frequency fed to V3 from the
mixer were 55 Mc/s. The sweep
valve would come into operation
and the local oscillator frequency
would vary sinusoidally wuntil
it came within (say) 47 Mc/s

N . . . s
[Y] a0 @ . Y Y ]
SEAY FREQUENCY qqs

B OuTPUT FROM V6 ANODE

Fig. 13. Discriminator curves

84. The setting of R75, which determines
the point at which the sweep valve cuts on
and off, is critical because two requirements
must be fulfilled ; V8 must cut off before
it ran sweep the klystron frequency through
and beyond the band that will give a beat
frequency of 43 to 47 Mc/s; but V8 must
not cut off if a beat frequency on the
subharmonic of 22-5 Mc /s is obtained.

85. The type of condition in which the
sweep valve may come into opcration is,
for example, when the set has been lined-up
on the bench but is later switched onin the
air, where pressure and temperature are
materially different, so that the initial input
to V3 from the mixer is so far off 45
Mc /s as to apply negligible negative voltages
to the discriminator valve grids. The
amount of correction which will be

+ % of the magnetron frequency,

when the discriminator would

. take charge and quickly bring the

beat frequency to a value near 45

Mc /s. To bring the beat frequency

from 55 to 45 Mc/s, the local

oscillator frequency would require to be in-

creased by 10 Mc /s ; since the klystron tuning

varies anything from 2 to 7 Mc/s per volt

change on the reflector, the correction

required from the discriminator is a drop

of at most 5 volts; and reference to fig.

13B shows that this output is obtained

when the beat frequency input is at about

45-15 Mc/s. So that even if a 10 Mc/s

shift of klystrom frequency has to be main-

tained, the beat frequency remairs satis-

factorily close to the tuned value of the
IF stages.

General

88. It can be seen from fig. 12 that two
jacks, J5 and J6, are connected in series
with the diode loads R24 and R45. Thesc
permit measurement of the diode currents
on a suitable micro-ammeter (0-50 micro-
amp. full-scale deflection) ; C24, R23 and
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12/10 12/
-150v.  -300V.

Fig. 14. Head amplifier circuit

ﬁ‘ R46 (each 0-001 4F and 120 ohms)
88 filters to keep the IF voltages off
e Jacks. In the operating conditions of
1.meqmcf:ment, that is, with a PRF of
o nd a pulse width of } usec. the value
¢ ¢ current should be 5-7 gamp. when
ﬂg:;l l;lysglon is tuned to correct

_ ! o these conditions the grids
of tlxilnd V6 will be at about-—IO-Sg v,
€ cathodes at about —§ V., with

to earth : the common
E cathode
current is approximately 20 maA.

ﬁsﬁg&m“i, the current in each diode
&een plotted against changes in
ﬁmﬂquency apphed to the circuit ;
Ce (that is, the current in

Hith respect

to that in V4) is shown b
: d : y
Proken line, This graph and that in

fig. 13B are linked by the fact that the diode
current is a measure of the negative voltage
applied to the gnid of its associated dis-
criminator valve. It will be noted that
the diode current maxima are not at exactly
43 and 47 Mc/s, although the circuits are
tuned to these frequencies ; this is because
V3 is tuned to 45 Mc/s, so that the fall in
input to V§ and V6 due to mis-tuning at
V3 tends to outweigh the increasing re-
sponse from L11 and L12 before 43 or
47 Mc/s is reached.

90. The design of the AFC circuits to
give a suitable discriminator output depends
on the co-ordinated performance of all the
valves from V3 to V8. It is important
that the valves, especially V3, V5 or V6,
should not be haphazardly changed. If a
valve is unserviceable, it is best to change
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(ALQA-) A 2-amp fuse has been inserted in either the lead from pin 12/1 or that from

pin 12 /2
‘the whole unit, returning it for maintenance,
but if this is not possible; then select from
several the valve which appears to give
the best results, and re-align the circuit
carefully.

91. The method of setting-up the mean
klystron  reflector voltage has been men-
tioned in paragraph 76. The test points
provided for the purpose of equalising the
potentials at the slider of R71 and the AFC
output are mounted on a panel on the right-
hand side of the unit, where the potentio-
meter R38 and the diode current jacks are
also to be found. It is of interest to note that
the adjustment of R38 is carried out with
no. input applied to V3; this is possible
because of the relation between anode
current and grid voltage in the cathode-

coupled amplifier V5, V6. When there is no
input on the grids, they are at earth poten-
tial and the cathodes at about —2-5 V.,
whereas with a 45 Mc /s input the grids rest.
at about —10-5 V., and the cathodes at.
about —8 V; but the small increase 1n
cathode current when there is no input 1S
mostly taken dp as an increase in screen
current, and the effect on the current passed
by the anode of V6 is negligible. To affect
this current it is necessary to shift the poten-
tial on the grid of V6 relative to that of V5
by injecting an input whose frequency
differs from 45 Mc/s. '

THE HEAD AMPLIFIER

92. The beat frequency output from fh;
signal mixer (para. 46) is fed through Cl)
(0-001 xF) to V1 and V2 (type VR 9%/
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45 Mc /s head amplifier.  The
¢ of the mixer output 1s by-
h through the choke L3 and
] current ja%%]l. Wheré
i ed in J1 the componen
mlisx:;sif.tttput iéI developed across C1
1 uF) and can be read as a current

&ﬁ{,‘n )on the meter.

HT supply for the valves is ob-
nfl:om the 3%OV. supply to TR. 3523E
fyam the power, units but the screen supply

5 form 2

' gpmponen
i tgoeart

he 3ignal crysta
meter
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94. The input and output circuits of the
head amplifier are tuned to 45 Mc/s and
the coupling between V1 and V2 to 47-5
Mc/s. The overall gain of the two stages
is about 17 times and the bandwidth is
slightly in excess of 4 Mc/s at 3 dB down
from maximum response. The output from
the coil L7 in the anode of V2 is taken to
a black Pye plug on the front panel of

TR.3523E. This plug is connected to a black
Pye plug on receiver type R. 3647 by a
length of 95-ohm cable.

R64 @3) RE7
£%,88,9.8

8

Vo

R73 R72 R59 R62 R69 R66 RE3 R6I RS7
R70,R78 BELOW R73,R72 RESP.

Fig. 16. Amplifying unit, type 226 : top of chassis

ﬂ;team‘ed frotmh a1 potentiometer chain in
‘ ceiver ; the latter supply is fed to
TR, 3523E via the junction bgge}; and enters
unit on pin 12/12. A grid bias supply
Ml-SV.. 1s obtained by means of a
ﬁlKef chain consisting of R8 (150K), R7
): RI0 (100K) and R6 (1-5K) be-
km the —300V line and earth. A lead
1111 from the junction of R7 and R8
: daStWO-IPO?ition link to the —150V.
Upply (pin 12/10) ; this arrange-
m:-s the effect of increasing the
Plies_ If“t)ﬂ of the —300V. and bias sup-
" ect de link is changed over, pin 12/10
an. €d to the junction of R7 and R10
mesns haa{'fangement can be used in equip-
su ‘;mg a —100V. and not a —150V.
bgliy. In H2S Mark IVA the link

€pt in the —150V. position.

POWER SUPPLIES

95. Supplies for TR. 3523E are fed into
the unit via the 12-way plug on the front
panel ; the unit contains a subsidiary power
pack which develops +300V. and —1000V.
supplies.

96. A winding of transformer T1, the full-
wave rectifier V10 (type SU4G) and the
smoothing network CS53 (0-25 uF), C54
(0-2 uF) and L1 (5H) develop a +300V.
supply. This supply is stabilized by V11
(type CV 296) and its value can be adjusted
by means of the potentiometer R58 (10K).
The negative side of the supply is connected
to the +330V. line from power units type
567D and also to the cathodes of the local
oscillaters. The positive side of the supply
is consequently at +630V. and this is fed



to ‘the resonators of the local oscillators ;
a jack (J4) enables the current drawn by
the local oscillator in use to be measurcd.

97. The top of the manual tuning potentio-
meter chain is connected to +330V. and the
bottom to +100V.;. the latter potential is
obtained by the action of the neons V12
and V13 in parallel with R72 and R73
(each 1M) and in series with R62 (14K)
between +330V. and earth.

98. A second winding of transformer T1
and a half-wave rectifier (V9, type VU 111)
develop a —1kV. supply for the ionising
probe of the TR cell; the current drawn
from this supply varies from 0-1 to 0-2 mA.

99. Transformer T1 also develops all th,
filament voltages used in the unit with thg
exception of those for the magnetron apq
overswing diode which are obtained frop,
the special heater transformer, T3. The
heater winding for the discriminator valveg
has its centre-tap connected at the bottop,
end of the discriminator cathode biag
resistor (R75).

100. Power supplies to the local oscjl.
lators are fed via a Jones socket at the top
rear of the amplifying unit sub-chassis’
Power supplies to transformer T3 and the
HT circuits are fed via a similar socket at
the bottom of the same sub-chassis.

CONTROLS AND CONNECTIONS

PRE-SET CONTROLS

10l. (1) Function switch (SW1). This
switch selects the local oscillator in use
and the method of tuning. When the
switch is in the MANUAL position the fre-
quency of the signal oscillator is controlled
by the manual tuning control (R71) on the
unit. In the AFc position the frequency
of the signal oscillator is determined by the
output of the discriminator circpit. In the
BEACON position the frequency of the
beacon oscillator is controlled by the manual
tuning control (R71). The REMOTE position
of the switch enables the above switching
arrangements to be made from control
unit, type 365A. TFor operation in the
aircraft this switch must be left in the
REMOTE position.

(2) Manual tuning control. This control
(R71) can be used for setting-up purposes
if the function switch is in the MANUAL
or BEACON positions.

(3) Discriminator otitput control (R38).
With the unit switched to MANUAL and the
signal oscillator tuned correctly by R71,
resistance R38 is adjusted until the voltages
at the AFC and manual test points are
equal.

(4) Discriminator cathode bias control
(R75). This control is set so that the dis-
criminator cuts off the sweep valve when
the latter has brought the IF within the
ange 43-47 Mc/s.

(5) Oscillator HT supply control. Re-
sistor R58 must be adjusted until the
difference between the +-630V. and +330V.

lines is exactly 300V.

(6) Signal oscillator mechanical tuning;
set so that the frequency of the oscillator
is 45 Mc /s below that of the magnetron.

(7) Beacon oscillator mechanical tuning;
sct so that the frequency of the oscillator
is 45 Mc/s below that of the beacon

transmitter.

(8) Anti-TR cell tuning plunger ; set for
maximum flow of signal energy into. the
TR cell.

(9) TR cell tuning control. This control
is adjusted to obtain maximum signal
energy in the signal mixer.

(10) Signal crystal current control : set
to give a current of 0-6 mA.

(11) AFC crystal current control: set
to give a current cf 1 mA.

LINKS

102. (1) The —100V /—150V bias supply
link must be in the —150V. position.

(2) The C relay shorting link in the

magnetron filament supply circuit must be|
open. (AL 18)
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CONNECTIONS

tions to TR.3523E are made
co,;nzﬁv;y and one 4-way W plug,
ghe high voltage W socket
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Screen voltage for head
amplifier from receiver.

(2) Plug, type WI198: 4-way plain, con-
nected to control unit, type 565A.

Pin 12

lug, one ' " '

2 wzveguide connection. Details of Pin 1 Relay switching; con-
gonnections are as follows :— nected to the function
Plug, type W202: 12-way red, con- switch on the control unit,
f_g'junction box, type 325. Pin 2 Tuning voltage from the

’ Pins 1and 2 80V, 2,000 c /s (fused in one line) slider of the tuning con-
Pin 3 Earth trol on the control unit,

Pin 4 +24V. DC Pin 3 +330V.| Voltages for the

1 94V. DC kpotgnt.lometer
m 5 —&RY. Pin 4 +100V. chain in the con-
Pins 6 and 7 +330V(1). J trol unit.,

Pin 8 Blank (3) Plug, type 229: Pye black; feeds
Pin 9 Transmitter  overload. signals at the IF to receiver, type
This pin is earthed when R.3647.
relay D operates and as (4) Socket, type W297 : plain. Modulat-
a result the pulse circuits ing pulse input, connected to modulator
in the modulator are umit Type 196 /WW.

. sw1tch?d off. (5) Waveguide connector. This carries the
Pin 10 —150V. (1) RF output to the scanner and the
Pin 11 —300V(1). returning signals from it.  (A.L. I8)
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Fig. 17. Amplifying unit, type 226 : left-hand side of chassis
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GENERAL

paadect on

HF enerey
spil veceives re

unit Type 109 radiates the
developed by the transmitter
turning signals from the
eatd The unit is mounted in a nacelle
Py projects  below the airframe  of
A],fn'cohl aircraft aft ‘0[ the bomb bay.
&35 fixed scanner hub is attached to the
ide of the airframe by a mounting

fedmework on which are also mounted
aitter-receiver Type TR.852312 and

mmcr unit Type 166A. The rotating
wn of the scanner, consisting o'f a
advestide array and mirror, projects into

the pacelle below the framework.

3. The nacelle entrance and the units on
the mounting framework are covered by a
strong metal cylinder which projects up-
wards into the fuselage; the top of this

er is removable giving access to thc
malts on the framework. Junction box
Type 325, which contains most of the
Iatorconnections Dbetween the units, is
mounted on the wall of the cylinder as are
mppressors Type D and P associated with

scanner camera and driving motor

ts respectively ; three leaters are also
mounted in the cylinder.

A Bcanning unit Type 109 gives a much
SMrower beam width than scanners used
R enrlier Marks of H2S with a conscquent
i al e!nent.m azimuthal definition. The
5 width is approximately 1-5 degrees
25 &5 down from maximum field strength :
- Maintained at large angles of de-

A » Teducing the tendency for echoes

» an%lelt)s at short ground ranges to
Ig . & Decome blurred. Ground returns
Tecelved at ranges of up to 45 ical
* and coastl p to 45 nautica
ag Ines can be distinguished

of up to 63 nautical miles.

.-ﬂ dacription

The.
ictzn‘ltler (fig. 1) can be conveniently
med in 1ts fixed an( rotating assemblics.
b assembly compriscs :—
E:“dri;/e motor which rotates the
Ol the hub and with it the

array and mirror attached to its bottom
en.

(2) Magslip Type 3 which synchronizes
the PPI timebase on indicating unit Type
300 with the rotating mirror.

(3) Course repeater motor. This is an
M-type receiver motor which is connected
to the DR compass system of the aircraft
and positions the stators of magslip Type
3 so that the top of the display on indicating
unit Type 300 always represents true north.

(4) The course and track marker con-
tacts. These are mechanical contacts
which are earthed once per revolution of
the scanner mirror. When either contact
is earthed the radial timebase in indicating
unit Type 300 is brightened, thus giving a
radial marker which indicates the position
of the scanner mirror at that instant.
The course marker contact is earthed when
the mirror sweeps through the dead-ahead
position ; the track marker contact is
displaced from the course marker contact
by an angle equal to the drift of the aircraft.

(5) Track repeater motor. This is an
M-type repeater motor which is fed with
drift information from the computor of the
bombsight Mk. 14. It positions the track
marker contact relative to the course
marker contact.

(6) Magslip Type 7 which synchronizes
the PPIL timebase on indicating unit Type
188\ with the rotating muror. The
stators of the magslip are fixed so that the
top of the display alwayvs represeuts the
line of flight ; no track or course marker is
provided.

(7) The centre shaft which is hollow and
in two sections. The upper section is fixed
to the hub and the UHI energy is fed into
it by a section of rectangular waveguide
at right angles to the shaft. The lower
section is driven by the scanner motor and
the rotating assembly of the scanner is
fixed to a plate at its bottom end. Slip-
rings on the rotating shaft and brushes
mounted on the casting which surrounds
it convey DC supplies to the tilt mechanism
on the rotating assembly. A switch on the
shaft controls the mechanism of the PP
camera.



5. The rotating assembly of the scanner
consists of :—

(1) The waveguide feed from the bottom
of the centre shaft to one end of the array.

(2) The array. This is a 5 ft. 8in.
non-resonant waveguide with edge slots
mounted in a horn. The array determines
the azimuth polar diagram of the radiated
energy, a slight flare on the horn directing
the energy on to the mirror.

(3) The mirror which consists of a
cylindrical metal reflector shaped in the
vertical plane. This is designed to give
the correct vertical polar diagram.

(4) Tilt mechanism. It is not possible
to design a reflector which gives at the

same time maximum ground range for
navigating and even illumination of targets
at short ranges for bombing. This difficulty
is overcome by enabling the tilt of the
array and mirror relative to the hub to be
adjusted by the operator. The operator
can select either of two tilt positions by
means of a switch on control unit Type
565A. The normal position of the switch
scts the direction of maximum radiation to
3 degrees below the horizontal giving
maximum ground range ; the down position
sets the direction of maximum radiatlon
to 10 degrees below the horizontal giving
even illumination of targets at short
ranges. The switch controls an electric
actuator mounted on the rotating section
of the scanner.

MECHANICAL AND ELECTRICAL DESCRIPTION

General

6. Throughout the following description,
numbers arc used to refer tu items of the
scanner assembly ; in general, items 1 to
93 will be found on the detailed view of
the hub assembly (fig. 3) and items 94 to
113 on the view of the horn and reflector
assembly (fig. 7). Items not shown on
these two illustrations will be found on the
views ol the sub-assemblies referred to in
the appropriate parts of the description.

Motor and drive

7. Tig. 2 shows the connections to the
scanner motor. The 24V DC supply is fed

L OV O ors’

w2 4f2
50

SCANNER
SPEED

FAST

24v.0C D

/o

CONTROL UNIT TYPE 565A ’

7

'
+24v°c->———o-L Jf-o-——o— ---+-0 ’

! SUPPRESSOR :

| l_ TYPE D

from control unit Type 565A (Chap. 6)
to a red 4-way W plug on the scanner hub
through a suppressor Type D which prevents
interference from being introduced into the
supply. The motor 1s shunt wound ; the
ficld wincding is connected between pins 1
(+24V) and 4 (—24V) and the armature
winding hetween pins 1 and 2. The speed
of thc motor can be varied up to 10,000
r.p.m. approximately by means of the
SCANNER SPEED control on the control
unit which determines the negative potential

at pin 2 and thus the \'oltagc across the

armature winding ; in the extreme anti-

|
|
|

clockwise position of the control the supply

to the armaturc winding 1s broken.

FiELD

~  ARMATURE

SCANNING UNIT TYPEIO® .

R

Fig. 2. Drive motor circuit



i 1 hed to
‘ in fig. 3) 1s attac
w“l’ltugsscastijrilg (62) by a flange
ing and three l?ocllfis. (33
7} the motor spindleé
Tk kezlﬁgletoto a spur wheel (42)

reduction stages (40 and 41).

ediate stage consists of a gear

junion ted integrally on an oilite
tlEmmon a spindle (38 and 39).

-
g' bock nutsg(49) fix the spur wheel to
e phaft assembly (51) which passes the

ive array and mirror - system
M? tt)h ethe pl};te at its lower end.
) om of the shaft runs in a ball

e ww) and the top in an oilite bearing
we overall reduction ratio between
, potor spindle and the shaft is approxi-
128:1. Thus for the normal

ed of 60 r.p.m. the motor runs

&t approximately 7,500 r.p.m.

Pagtip Type 3

9. The function of magslip Type 3 is to
synchronize the PPI timebase on indicating
majt Type 300 with the rotating scanner
mbror. The sawtooth current. waveform
from the timebase generating circuits in
the Indicator is fed to the rotor of. the
=I¢l|i in the scanner where it is resolved

to lfne and cosine components in the
Yollowing manner.

$8. The magslip has two stator windings ;
I these the rotor induces currents which
B¢ 90 degrees out of phase with each
ph .

other. When the rotor is making full
coupling with the first stator it makes zero
with the second stator; the

:tput om the first stator is equal to the
put to tzl;e rot% ﬁnd that from the second
ro. en the rotor has turned

m 90 degrees the output from the
b ot ter is zero andlthat from the second

+ MAximum, equal to th i

D‘ll’ggtthe next gu;.lrter ufm' tﬁe f)?zttoguinfggr%
themtor nses to maximum and that
of the second falls to zero but the polarity
in output is reversed. In other words,
, ttatmtn of the rotor, the output from
Or goes through the following

! . . .
irects ~ 10 0 maximum amplitude in one
: + Maximum to zero: zero to
:ﬁlﬂmm In the other direction : maximum

eack . 1€ maximum amplitude in
He:seﬂ:s equal to the maximum ampli-

¢ nput to the rotor; the two
are 90 degrees out of phase, and
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the vector sum of the oﬁtputs at any
instant is equal to the input at that time.

11. The current waveforms from the
stators are fed to the deflection coils of the
CRT in the indicator, The result of feeding
these waveforms in correct relative phase
to the appropriate coils is to produce a
radial timebase, the orientation of which
depends at all times on the position of the
magslip rotor. The rotor is geared to the
centre shaft of the scanner and the time-
base consequently rotates in synchronism
with the mirror.

12. In order to give a reference bearing
on the PPI display it is necessary for the
stators of the magslip to be in a fixed
relationship either to the aircraft’s axis or
to a compass bearing. In many systems
the top of the PPI display is made to
represent the aircraft’s heading, but in the
case of the display on indicating unit Type
300 it is made to represent true north.
This is dome by linking the stators of
magslip Type 3 to the DR compass system
of the aircraft as described in para. 30-32.
The stators are positioned like a repeater
compass card ; if the aircraft turns they are

‘kept in the same angular relationship to

true north as they were before the turn.

13. In practice, magslip Type 3 has twh
rotor windings and although in earlier
H2S scanners only one of these was used,
both are used in scanning unit Type 109.
The windings are connected in parallel to
reduce the input impedance to the current
sawtooth and thus to reduce distortion of
the output waveforms. The stator windings
are fixed to the body of the magslip, so
the latter is made free to turn in the hub
casting angd is linked to the DR compass
system.

Mounting and connections

14. Magslip Type 3 (2) is mounted in a
housing (24) bolted to the adaptor casting
(14) of the scanner hub; details of the
housing are shown in fig. 4. The body of
the magslip is free to rotate in the housing
and runs on ball bearings (17) at top and
bottom. The inner ball races (10Aand 11A)
are held together by screws (28) and a
grub screw, bearing on a serrated segment,
locks them to the magslip body. Details
of the drive from the course repeater motor
to the magslip body are given in para. 32.
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MAGSLIP TYPE 7
MAGSLIP TYPE 3

COURSE REPEATER MOTOR

GEAR (105 TEETH)

GEAR (63 TEETH)

GEAR (105 TEETH)

GEAR (153 TEETH)

GEAR (125 TEETH)

GEAR (72 TEETH) AND PINION (15 TEETH)
BALL RACE, INNER BOTTOM
BALL RACE, OUTER BOTTOM
COUPLING PLATE

MAGSLIP ROTOR BALL RACE
ADAPTOR CASTING

TERMINAL COVER (TYPE 279)
COVER, MAIN MAGSLIP (TYPE 278)
COVER, FISHPOND MAGSLIP
HOUSING, FISHPOND MAGSLIP
HOUSING, MAIN MAGSLIP

PIN, PIVOT FOR ITEM 5

PLUG TYPE WI99 (6 PIN, RED)
SPINDLE FOR ITEM 9

MAGSLIP ROTOR SHAFT
RETAINING PLATE

DRIVING MOTOR

MOTOR SHAFT

PINION (20 TEETH)

SPINDLE FOR ITEM 40

SPINDLE FOR ITEM 4!
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4l
Q2
4

45

47
48
49
50
51
52
53
54
55
56A
56B
57
59
60
61
62
63

65

8i
93

GEAR (84 TEETH) AND PINION (18 TEETH)
GEAR (72 TEETH) AND PINION (20 TEETH)
GEAR (153 TEETH)

PINION (10 TEETH) ON SHAFT OF ITEM 3
LEADS TQ TILT MECHANISM

COLLAR WITH CAMERA SLIP-RING
HOUSING, MAIN BALL RACE

KEEP PLATE

SLIP-RINGS FOR ITEM 44

LOCKING RINGS, LOWER

LOCKING RINGS, UPPER

SHAFT ASSEMBLY

RING SPACERS, INSULATING

WASHER, INSULATING

WASHER, METAL

SLEEVE, FIXED

FILTER UNIT TYPE 153, TOP

FILTER UNIT TYPE I53, BOTTOM
TUBULAR FEEDER TYPE 200

CLAMPING PIECE

HOUSING. CENTRE SHAFT

HOUSING, BEARING SUB-ASSEMBLY

HUB CASTING

PLUG TYPE WI97 (2 PIN, PLAIN)

PLUG TYPE WI98 (4 PIN, PLAIN)

PLUG TYPE WI98 (4 PIN, RED)

PLUG TYPE W203 (18 PIN, RED)

MARKER PHASING CONTRQL

TUBULAR FEEDER TYPE 225
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15. The rotor windings are
brought out to three slip-rings
at the top of the rotor shaft
and three brushes (32) mount-
ed in a bakelite cover connect
them to terminals on the top
of the magslip body. The
stator windings are connected
directly to four similar ter-
minals.

16. A resin-bonded fabric 1S
drum (29) bearing six slip-

29

rings is attached to the top
of the magslip body. The
terminals are connected to
the slip-rings by short leads,

two of the rotor terminals
being connected to the same
slip-ring so that the windings
are in parallel (para. 13).
Brushes (16) bearing on the
slip-rings connect the windings
to a terminal block (13)
mounted on the magslip hous-
ing (24). The fabric drum is
surrounded by a cylindrical
cover to exclude dust and the
terminal block has a separate

cover (18) to give casy access. o8B

17. Two cableforms connect

I0A

thie terminal block to the 18- 2 MAGSLIP TYPE 3 18 TERMINAL CQVER (TYPE 279)
way W ’\plug on the scanner 10A BALL RACE, INNER BOTTOM 19 COVER., MAIN MAGSLIP (TYPE
hub. T'he sawtooth current 278)

waveform from the indicator
is fed to pins 11 and 12 of this
plug, which are connected
to the magslip rotor.  The
outputs from the stators are
fed to pins 1-4 and thence
through step-down transform-
ers in transformer unit Type
166A back to the indicator.
The waveforms are reduced in
amplitude by the transformers to decrease
distortion in the cables which feed them
to the indicator ; special low-capacity leads
are used between the indicator and the
magslip rotor and stators.

Rotor drive

18. The bottom of the rotor shaft (31 in
fig. 3) of magslip Type 3 runs in a ball
bearing (13) and is pinned to a circular
metal plate (12) which is attached to a
gear (4). This gear is separated by a
collar from a second gear (7) which 1s
meshed with the spur wheel (42) driving
the main shaft of the scanner. The two

10B BALL RACE, OUTER BOTTOM
I1A BALL RACE, INNER TOP
11B BALL RACE, OUTER TOP 28 SCREWS, CLAMPING

24 HOUSING, MAIN MAGSLIP

15  TERMINAL BLOCK (TYPE 121) 29  SLIP-RING ASSEMBLY

16 BRUSHES

17 BALLS, BEARING, FOR ITEMS 10
AND 11

31 MAGSLIP ROTOR SHAFT
32 MAGSLIP ROTOR BRUSHES
Fig. 4. Magslip Type 3

gears (4 and 7) are not fixed to each other
in any way but are normally prevente
from slipping relative to each other b}’.
being clamped together very tightly;
further details of this gear assembly aré
given in para. 34.

19. It should be noted that there is @
definite relationship between the positiof
of the rotor at any instant and the positiof
of the scanner mirror. This is compensate@
for by adjusting the position of the magsm:
stators relative to the rotor. The SP‘tlh
wheel (42) and the gear (7) meshing W! ¢
it have the same number of teeth so tha



mlio exists between the scanner
#id magslip rotor.

o

i f magslip Type 7 is to
W?ﬁ time%ase on indicating
Type ith the rotating scanner
e Ttllgs éRYF used in this indicator
Y deflection and. the

Baploys electrostatic :

timebase is formed Dy feeding

jon plates with sawtooth voltages

phase depends on the position of

the scanner mirror. These voltages are

sbisined by charging condenser networks

from sinusoidal voltages generated by the
magulip fn the following manner.

B{. A 40V, positive, 20 us pulse at the
prds. of the equipment is applied to the
gotor of the magslip ; the stators are tuned
condensers (in the indicator) so that
Jow-frequency sine waves are produced in
them. The amplitude of the output from
sach stator will depend on the coupling
between that stator and the rotor and will
as the rotor turns. In one turn of

the rotor the output from each stator goes
through the following cycle ; zero to maxi-
mam amplitude in one direction : maximum
to zero ! zero to maximum amplitude in
the other direction: maximum to zero.
The outputs from the stators are 90 degrees
out of phase with each other and the vector
®am of the outputs at any instant is con-
stant. A 10K resistor is connected across
sach stator winding to damp out the sine

:t“tﬁ‘e'?:tf::? the arrival of the next pulse

2. The sawtooth voltages from the con-
denser networks in the indicator have the
:llne phase relationship as the charging
e from the magslip stators and are
pual gh vertical and horizontal scan
eto0 .thet ctlgﬂection plates of the

. rientation of the radial time-
zﬁptg::l Produced depends at all times on
thiy on of the magslip rotor and as
geiaﬁ:dﬁto ’lc)he centre shaft of the
mﬁnmwith thenrifirr as:,. rotates in synch-

stators of magsli
- gslip Type 7 are
ixed Ee trespect to the. aircraft'% axis so
Ehat .- 0P of the Fish ond di
unit Type 188A p1 epresents
: always represents
hlllng of the aircraft, SR

q
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Mounting and connections

24. Magslip Type 7 (1 in fig. 3) is mounted
in a housing (23) which is bolted to the
adaptor casting (14) on the scanner hub
(62). A cylindrical cover (20), closed at
one end, is attached by screws to the
housing and the magslip body is gripped
sufficiently tightly between a shoulder on
the cover and the rim of the housing to
prevent it turning.

25. The rotor winding is brought out to
two slip-rings at the top of the rotor shaft
and brushes mounted in a bakelite cover
connect them to terminals on the top of
the magslip body ; the stator windings are
connected directly to four similar terminals.
Leads from these terminals pass to a 6-way
W-plug (27) on the magslip cover (20) which
is connected directly to junction box Type
325. Pins § and 6 of this plug feed the
40V priming pulse from the indicator to
the rotor and pins 1-4 feed the sine waves .
from the stators back to the indicator:
the stator damping resistors are connected
between pins 1 and 3 and between pins 2
and 4 at the back of the plug.

Rotor drive

26. The bottom of the rotor shaft runs in
a ball bearing and is pinned to a circular
metal plate; a gear wheel (6) is clamped
between this plate and a retaining plate
(34). The two plates are held together by
screws which pass through a hole in the
centre of the gear; only the tightness of
the clamp so formed prevents the gear
from slipping. A gear (5) running on a
separate spindle (25) transmits the drive
from the gear (4) on the main magslip
rotor shaft to the gear (6) on the Fishpond
rotor shaft. The gears on the rotor shafts
have the same number of teeth so that a
1:1 ratio "exists between the Fishpond
magslip rotor and the main magslip rotor,
and consequently between the Fishpond
magslip rotor and the scanner mirror.

27. It should be noted that there is no
definite relationship between the position
of the Fishpond magslip rotor at any
instant and the position of the scanner
mirror. This is due to the method of
fixing the gears to the magslip rotor shafts.
The error can be compensated for by
adjusting the position of the magslip
stators relative to the magslip rotor. This
is done by undoing the bolts holding the
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21

22
26
31
33
62
69
70
71

72
73
74

12

GEAR (105 TEETH)

GEAR (153 TEETH)
COUPLING PLATE
RETAINING PLATE

GEAR (136 TEETH)

FRICTION DISC

MAGSLIP ROTOR SHAFT
MARKER CAM

HUB CASTING

SCREWS, CLAMPING

TRACK MARKER CONTACTS
COURSE MARKER CONTACTS
GEAR (25 TEETH)

HOUSING, DRIFT LINE ASSEMBLY
TRACK REPEATER MOTOR

75
76
77
78
79
8!
82
83
84
85
86
87
a8

89

NUT
SCREWED SHAFT

PINION (10 TEETH) ON SHAFT OF ITEM 74
ARM MOUNTING ITEM 70

PIVOT FOR ITEM 78

MARKER PHASING CONTROL

KNOB WITH GEAR (98 TEETH)

PINION (16 TEETH)

GEAR (96 TEETH) PINNED TO ITEM 89
SHAFT FOR ITEM 86

BEVEL GEAR (24 TEETH)

SPRING

SPRING

HOUSING, MARKER PHASING ADJUSTMENT

Fig. 5, Marker contacts and phasing control|
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-shpond magslip to its housing,
ﬂ" ‘Lhe c%‘fg? and turning the magslip
d until the trace on indicating
s by 188A is in its correct position.
gg’;ft the magslip body, because the
wheel (6) may then disengage and

the rotor to turn as well as the

L)

§

Laurse and track markers

porth presentation )
order to give a reference bearing

display it is necessary for the
iflthe pma%’gslip to be in a fixed
ip either to the aircraft’s axis or
§6 A compass bearing. In many systems
he top of the display 1s made to represent
the mircraft’s heading. This is done by
i the scanner to the dead-ahead
positjon and then locking the stators in the
position which gives a vertical timebase
polating to the top of the tube face. In
¢, the echo pattern of the landscape
k‘lﬂiﬂ across the tube face at an angle to

kecl

:

. This “ constant heading "’
tation is used on the Fishpond
tor of H2S Mk. 4A, the stators of

magillp Type 7 being fixed with respect to
the llrmz:l')s axis.

3. The presentation described above is
Bot very suitable if constant reference has
to be made to maps, because the bearing
of porth w‘;tﬂli respect to the top of the
vary with changes in the
mof the aircraft. To make it easier
- ] ogera.tor.to compare the display
ﬂlcll’athtm.tmg unit Type 300 with maps,
m(bp of the tube face is made to represent
bl Borth. The echo pattern travels across
of tgbe_face In accordance with the track
llrcrafgt but does not rotate if the
M €S course. This ‘‘ constant
aﬂl !{m::lfltatxonl is obtained by linking
magslip Type 3 to the DR

2"’.’?5 em of the aircraft. The stators
ml’i"bone . like a repeater compass
aircraft turns they are main-

Brae Same angular relationship to
Wrth as they were before the turlr)l.

§

c,%mc{)a_ss system of the aircraft
hEs 7eb In A.R.1275B, Vol. 1,
. ut in outline the operation
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1s as follows. In the master unit of the
compass a bar magnet controls the action
of a gyroscope. The combination, which
can be visualized as averaging out the true
magnetic heading from a series of magnetic
observations, drives the inner frame of the
master unit. This frame is consequently
azimuth stabilized, that is, the direction of
any line drawn on its base will remain
fixed in space. There will be relative
motion, therefore, between the container
and the inner frame of the master unit
when the aircraft turns and the amount of
movement will be equal to the change in
heading. The motion is transmitted through
a gear train having a step up ratio of 1 :60
to an M-type transmitter. The M-type
transmissions are fed to the wvariation
setting corrector (VSC) which is in effect
a repeater motor driving a transmitter,
with a means of adjusting the phase re-
lationship of the incoming and outgoing
transmissions. By making the phase
difference between incoming and outgoing
transmissions equal to the magnetic varia-
tion, the cards in the DR compass repeaters
controlled by the VSC can be made to
indicate true north instead of magnetic
north. The VSC transmitter also drives
azimuth mechanisms in the API and the
bombsight computer and the course re-
peater motor in scanning unit Type 109.

31. The M-tvpe transmissions from the
VSC are not fed directly to the scanner,
but via control unit Type 552. A circuit
in the latter unit enables the course re-
peater motor to be synchronized to the
VSC after the aircraft has taken off. Details
of this circuit and of the connections
between control unit and scanner are given
in para. 42-46.

32. The course repeater motor (3 in fig. 3)
is bolted to the main magslip housing (24)
on the scanner hub. As described in para.
13 the stator windings are fixed to the body
of magslip Type 3 which is free to rotate
in its housing. A large spur wheel (8) is
attached by screws to the base of the magslip
body and this is driven through a reduction
gear (9) from a pinion (43) on the shaft of
the repeater motor. The reduction gear
consists of a gear and pinion having
differently shaped teeth but mounted in-
tegrally on the same shaft (30). A change
in heading of half a degree turns the re-
peater motor shaft through 30 degrees



owing to the step-up gear train in the DR
compass master unit (para. 30), but the
reduction gear ratio between the repeater
motor shaft (43) and the spur wheel (8)
is 60:1 so the magslip stators are turned
through half a degree. Thus the stators
of magslip Type 3 are directly linked to
the inner frame of the DR compass master
unit and consequently the PPI display on
indicating wunit Type 300 is azimuth
stabilized.

Course marker contacts

33. As described in para. 29 the main
PPI display is azimuth stabilized with true
north at the top of the tube face. Conse-
quently, provision has to be made for
showing the course of the aircraft on the
PPI map and this is done by means of
mechanically operated contacts in the
scanner. \When the scanner mirror passes
through the dead-ahead position, the course
marker contacts close and alter the bright-
up circuit of the PPI so that at least one
radial timebase is brightened. Thus the
course of the aircraft appears as a radial
marker on the PPI display. A course
marker is not used on the Fishpond display
as the * constant heading ' presentation
malkes it unnecessary.

34. The course marker contacts (71) are
mounted at the bottom of the scanner hub
casting (62) directly beneath the main
magslip as shown in fig. 5. A circular
metal plate (12) is pinned to the magslip
rotor shaft (31) and between this and a
retaining plate (21) are mounted three
gears (4, 7, and 22). The upper gear (4)
drives the rotor of the Fishpond magslip
and the central gear (7) conveys the drive
from the centre shaft of the scanner to the
rotor of the main magslip. The clamping
plates (12 and 21) and the upper gear (4)
are held together by screws (69) but the
central gear (7) is mounted on the hub of
the upper gear and is only prevented from
slipping relative to it by the tightness of
the clamp. The lower gear (22) is mounted
on the hub of the central gear and the gears
are separated by a friction disc (26). The
lower gear is not gripped by the clamping
plates but a spring (88) on the lower clamp-
ing plate (21) holds it sufficiently tightly
against the friction disc to prevent it
slipping relative to the central gear under
normal running conditions.

35. The course marker contacts (71) con-
sist of two strips of metal mounted one above

the other and normally not in contact,
Once in each revolution of the magslip
rotor an Insulated cam (33), which jg
mounted on the under surface of the lowe
gear (22), bears on a roller on the upper
metal strip and pushes it into contact with
the lower metal strip. When the contactg
close, the radial timebase on the PPI jg
brightened, indicating the position of the
magslip rotor at that instant.

36. In order that the radial marker pro-
duced in this manner may indicate the
course of the aircraft, the course marker
contacts must close when the scanner
mirror passes through the dead-ahead
position. It has previously been mentioned
(para. 19) that no definite relationship
exists at any instant between the position
of the magslip rotor and the scanner
mirror. Therefore the angular position of
the cam operating the contacts must be
adjustable with respect to the magslip
rotor. Normally the friction disc and the
spring loading prevent the gear carrying
the cam from turning with respect to the
gear driving the magslip rotor; but by
pushing the marker phasing control (81),
the gear (86) on the end of its shaft (85)
can be engaged with the cam gear (22),
and by turning the large knob of the
control, the cam gear can be turned with
respect to the magslip rotor. Using this
control, the position of the cam gear can
be set so that it closes the course marker
contacts when the scanner mirror passes
through the dead-ahead position ; the pro-
cedure is described in para. 88. Details of
the electrical connections to the course
marker contacts are given in para. 47 and
the operation of the circuit in indicating
unit Type 300 is described in Chap. 9.

37. The bevel gear (86) on the shaft (85)
of the marker phasing control is normally
kept out of mesh with the cam gear (22)
by spring loading (87). The shaft runs 1n
a housing (89) which is fixed to the hub
casting (62) and projects from it just below
the magslips. At its outer end the shaft
carries two spur wheels (82 and 84), the
outer of which is mounted integrally with
a small knob and pinned to the shaft;
the inner spur wheel (84) is pinned to the
housing (89) and not fixed to the shalt.
Enclosing the spur wheels is a large mille
knob which is free to rotate on a collar of
the inner knob and contains a small jockey
pinion (83) running on both spur wheels.
The spur wheels have the same diameter,
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from the bombsight computer to the sighting
head passes through control unit Type
453A where it is used to turn an M-type
transmitter. This transmitter is connected
to an M-tvpe repeater motor in the scanner
which positions the track marker contacts.
The track marker contacts are operated by
the same cam as the course marker contacts
(para. 33-38) but are variable in position
up to + 40 degrees from them. When the
operator selects the track marker (by meauns
of the front panel switch on the indicator),
the track marker contacts are connected
to the bright-up circuit of the PPI instead
of the course marker contacts. When the
contacts close, the bright-up circuit is
altered so that at least one radial timebasc
is brightened. Thus the track of the aircraft
appcars as a radial marker on the PPl
display. This marker will show the correct
track in spite of variations in the spcec and
course of the aircraft as these are auto-
matically allowed for by the bombsight
computer. If the wind speed or direction
changes, however, the marker will not show
the correct track until the wind controls
on the bombsight (or remote control unit
il fitted) have been re-set by the operator.
Details of the electrical connections to the
track marker contacts are given in para. 47
and the operation of the circutt in indicating
unit Type 300 is described in Chap. 9.

41. The track marker contacts (70) are
mounted near cnough the course marker
contacts to be operated by the same cam,
but instead of being fixed relative to the
hub casting arec mounted on a metal arm
(78) which is pivoted at a point (79) near
its centre. The track repeater motor (74)
turns a screwed shaft (76) through a step-
down gear train (77 and 72): the shalt
runs in a housing (73) mounted at the
bottom of the hub casting. A nut (73),
free to move on the screwed shaft, carries
a pin which engages in a slot on the arm
(78) carrying the contacts. As the repeater
motor rotates the nut travels along the
screwed shaft and in doing so turns the
arm, thus moving the track marker contacts
relative to the course marker contacts.
The computer of bombsight Mk. 14 actually
calculates the tangent of the angle of drift
and the track repeater motor is fed with
this information. The mechanism just
described is often referred to as a tangent
arm drive, as its action consists of a move-
ment of the arm carrying the contacts



through an angle whose tangent is equal
to the amount of rotation of the screwed
shaft.

Repeater motor circuits and contact connections

42. The circuit of the course and track
repeater motors and connections to the
marker contacts arc shown in fig. 6. The
output from the drift angle (or track)
transmitter in control unit Type 4554, and
that from the VSC in the DR compass
system, are both fed to control unit Type
552. ltach output consists of switched
24V connections which, when fed to the
appropriate repeater motor in the scanner,
turns it in step with the transmitter. An
M-type transmitting and receiving system
is not sclf-synchronous and, in order to
cnsure that a transmitter and its appropriate
repeater can be initially aligned, a hand-
operated M-type transmitter and a three-
posttion switch are incorporated in control
unit Type 552.

43. The shaft of the M-type transmitter
in control unit Type 552 i1s turned by
means of a knob on the front panel labelled
COURSL TRACK ALIGNMENT and the output
ol the transmitter is fed with the outputs
of the VSO and drilt angle transmitters to
the SE1T COURSE NORMAL/SET TRACK switch
(S4). FFrom the switch, two groups of three
leads cach connect it through the junction
boxes to the repeater motors in the scanner.
Pins 13, 14, and 15 of the scanner 18-way
Woplug are connected to the course re-
peater motor and pins 16, 17 and 18 to
the track repeater motor.,

44. When the switch is in the wormal
posttion, the position ol the stators of
magsltip Type 8 is determined by the VSC
transmitter, and the position of the track
muarker contacts by the drift angle trans-
mitter ; turning the COURSE/TRACK ALIGN-
MENT control has no effect.  When the
~witch is i the set course position, the
position of the track marker contacts 1s
controlled by the drift angle transmitter
as before, but the position of the magslip
stators can be adjusted by mecans of the
COURSE TRACK ALIGNMENT control.  In the
sct track  position, the position of the
magslip stators is determined by the VSC
transmitter and the position of the track
marker contacts can be adjusted by the
COURSE IRACK ALIGNMEN! control.

45. The course and track repeater systems
can only be aligned when the aireraft is

in the air, the marker phasing control anq
PPI displays having been previously set y
on the ground. The procedure is as follows -

(1) Instruct the pilot to fly on a compagg
heading and if possible check that the
DR compass system is working
correctly.

(2) Rotate the perspex cursor in front of
the main PPI display until the bearing
line indicates the course flown by the
aircraft. Put the COURSE/TRAck
switch to the course position.

(3) Switch to set course on control unit
Type 552 and adjust the COURsE/
TRACK ALIGNMENT control until the
course marker coincides with the
bearing line. Switch to #ormal on the
control unit.

(4) Check that the wind speed and direc-
tion controls on the bombsight com-
puter (or remote control unit if fitted)
are set to zero. Put the COURsg/
TRACK switch to the frack position.

(5) Switch to set track on control unit
Type 582 and adjust the COURSE/
TRACK ALIGNMENT control until the
track marker coincides wrth the bearing
line. Switch to normal on the control
unit.

(6) Using the switch on the indicator,
change from course to track several
times and check that the radial
marker appears in the same place in
cither position of the switch. If this
1s not the case, repeat the above
proceclure.

46. When this procedure has been carried
out, the constant north presentation will
be maintained by the DR compass and the
course marker will show the correct course
of the aircraft. If the wind speed and
direction are subsequently determined and
set into the bombsight computer by the
operator, the drift angle transmitter will
position the track marker to show the
correct ground track of the aircraft.

47. One contact of each of the course
and track marker contacts is earthed, but
not directly in the scanner as shown I
fie. 6. The common lead is connected tO
pin 18,7 on the scanner and thence throug
the junction boxes to pin 18, 18 on indical”
ing “unit Type 188A and pin 12/6 of
indicating unit Type 300 ; these pins ar®
carthed in  their respective units. The
other marker contacts are connected @



ins™5 contact) and 6 (Ytrack con-
gftczl‘::s‘;canner 18-way W-plug and
=) through the junction boxes tc: pins
§ respectively of the 12-way W-plug
Jndicating unit Type 300. The COURSE/
BRACK gwitch enables either of these pins
pe connected to the PPI bright-up

;ﬂd{ the action of which is described in
£
Bap. 9.

Wavegulde feed to array

Jndeit to scanner hub .
The UHF output of transmitter-

:eiver Type TR.3523E is fed through a

jde Type 263 and a tubular feeder

T 72 or 72A to the waveguide input

l? the top of the scanner hub. Waveguide
Type 283 is rectangular in section and has
[ ure seal at the end remote f_rom the
transmitter ; a nozzle just behind the
e seal is connected by rubber tubing
s desiccator mounted on the scanner
framework. Thus the air in the section of
the guide between the mica window in the
TR.3523E and the pressure seal is kept
dry and approximately at atmospheric
pressure. Tubular feeder Type 72 is a
phort flexible feeder which allows for a
alight variation in the relative positions of
the scanner hub and transmitter, but must
pot in any event be twisted; tubular
feeder Type 72A is a direct replacement
for tubular feeder Type 72.

#. Tubular feeder Type 200 (57 in fig. 3)
forms the waveguide input to the scanner.
It consists of a rectangular guide followed
& right-angle bend into a circular guide
feeds the UHF energy vertically
wnwards into the hub. The end of the
rectangular section is bevelled at an angle
of 45 degrees to direct the energy down-
wards without causing reflections in the
on of the transmitter.

Retating Joint
o "l:h:d ctrcular guide in the scanner hub
dmdss Into two sections, the first of
which ( ) is a sleeve fixed relative to the
mb, e :egond secftion is also a sleeve,
.¢ Inner of the scanner centre
This shaft is driven through gearing
Tom the scanner motor (para. 8) and

E!ns the array and mir
_ ror assembly at
bo}tom end ; details of the shaft asser¥xbly

n para. 75-78.
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51. The fixed and rotating sections of the
circular guide are separated by a distance
of 1 mm. which is too small to cause any
interference with the wave in the guide.
A mode filter (filter unit Type 153) is
included in each section; the upper of
these (56A) prevents the H wave used for
conveying the power in the rectangular
guide from appearing in the circular guide.
The lower filter (56B) prevents the E wave
used in the circular guide from being fed
to the array.

Feed from hub to array

52. The circular guide in the scanner hub
feeds into tubular feeder Type 225 (93 in
fig. 7). This consists of a right-angle bend
with a bevel to prevent reflections, followed
by a section of rectangular guide. The
rectangular guide bends fairly gradually
through 180 degrees in the vertical plane
and is connected to a tubular feeder Type
72 or 72A (92). This flexible feeder lies
almost directly beneath the centre shaft of
the hub and permits movement between
the fixed and tilting assemblies of the
scanner (para. 61).

53. The UHF energy then passes through
tubular feeder Type 224 (94) to the wave-
guide array (90). This feeder has a right-
angle bend in the horizontal plane combined
with a 90 degrees twist to maintain the
correct polarization of the feed to the end
of the array.

Array and reflector

Principles of the waveguide array

54. Full details of the design and theory
of the waveguide array cannot be given
in this publication and reference should be
made to textbooks and reports on these
subjects if information is required. An
outline of the general principles is included
to give the reader a coherent description
of the scanner.

55. When a wave is propagated in a wave-
guide, electric currents flow on the inside
walls. In the particular case of an H wave
in a rectangular guide, these currents flow
along the centre of the wide walls and
transversely across the narrow walls. The
longitudinal currents may be regarded as
carrying the power along the guide and the
transverse currents as shunt currents which
help to sustain the wave pattern but do
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not normally take part in the flow of power.
Narrow slots cut in the walls of the guide
so that they interrupt the current flow
radiate power. The strength of the radiation
is determined by the angle that the slot
makes with the direction of current flow ;
a transverse slot cut in the narrow wall
of the guide does not interrupt current flow
and does not radiate, but a longitudinal
slot causes maximum interruption to the
current flow and radiates fiercely.

56. The array used in scanning unit Type
109 has 79 slots cut in the narrow side of
the waveguide at a spacing of slightly
more than half a wavelength to reduce the
standing wave in the guide. Any two
adjacent slots are cut at opposite inclina-
tions to the transverse dimension of the
guide and the further the slot from the
input end of the guide the greater the angle

of inclination ; the arrangement of the slots

at the input end of the guide is shown in
fig. 8. In this manner, each slot 15 made
to radiate the same amount of cnergy and
by the time the travelling wave reaches
the end of the guide it is almost completely
attcnuated and no reflection takes place ;
this type of array is termed non-resonant.
The slots of the array are protected by two
layers of self-adhesive polythene.

Details of the array and horn

57. Thce array determines the azimuth
polar diagram of the scanner. The beam
width at the nominal frequency ol the
transmitter is 1 -5 degrees at 6 dI3 down.
The direction of maximum radiation is not
normal to the array but is oflset by an
angle of approximately 2-6 degrees ; this

n
90
/

%%té ‘;165_ I\,.\

= 7 \‘ \

90 TUBULAR FEEDER TYPE 223

A and B
1HOA MOUNTING PIECE, UPPER

Fig. 8. Input end of array

110B MOUNTING PIECE, LOWER
94 HORN ASSEMBLY 1l BOLTS SECURING ITEMS 110

“squint ' 1s corrected by. mounting the
array at a skew angle of 3 degrees in thg
horn (para. 58). Changes in the transmittep
frequency cause the direction of the bean
to vary, but if the transmitter does net
vary by more than 1 pér cent. of the
nominal frequency, the beam error will not
exceed 0-7 degree. In the assembleg
scanner a beam width of 1-6 degrees jg
maintained between 10 and 70 degrees
depression.

58. The array (90 in fig. 7) is mounted ip
a horn (94) which directs the radiateq
energy on to the reflector. The horp
consists of two flat plates approximately
14 in. apart but flared to 2 in. apart at the
edges near the reflector. The array js
supported by mounting pieces (110A and B)
which are fixed by bolts to the horn. As
stated in para. 57, the array is at a skew
angle of 3 degrees to the horn to counteract
“squint.”” The ecquiphase point of the
radiation is approximately } in. from the
mouth of the horn and this point is at
the focus of the reflector.

Elevation polar diagram

59. To give the best PPl picture for
bombing it is essential that targets at
differcnt ranges should experience an equal
intensity of radiation from the scanner.
Electromagnetic radiation obeys the in-
verse square law ; that is, the power density
is inversely proportional to the square of
the distance from the scanner. If P is
the output power of the equipment then
the power density at a target whose slant
range is T is proportional to Pfr2 It can
be scen from fig. 9 that r is equal to h
cosec 0, and thus it follows
that the power density is pro-
portional to P/h? cosec? 0.
Assuming that the height of
the aircraft is constant, this
expression can only be con-
stant if P varies as cosec? 0.
Consequently, for an even dis-
tribution of power, the scanner
output must vary as the

> square of the cosecant of the.

angle of depression from the
horizontal. Power is propof
tional to the square of the
field strength and thus the field
strength diagram of the scalt”
ner must be of the form cose¢
0 in the vertical plane.



seanner 1eflector determines the

polar diagram and is designed to

trength pattern. Details
ec 0 fied :oo n(fgomplicated for in-

5 ication, but in practice

wﬂl%bsliape with th:: r%dit]is of

Estire ing from top to bottom.

y lngef:,‘gns%ructed from aluminium

i ted on a t;azlckiﬁg plate 'ubrz
LN upports of light magnesi

Th:erzﬂseclzgr assembly is suspended

a Jattice framework (97 in fig. 7) ; the

bolts pass through slots in the

k to allow the distance between

mmg yeflector and horn to be adjusted.

Two hugs on the front edge of the framework

mprry & rod (108) holding the horn assembly

which is tilted downwards at an angle

of ximately 16 degrees to the frame-

: & thumb screw (107) enables small

lﬁ}u‘ments to be made to this setting.

g. The lattice framework (97) is attached
o » casting (96) by-two pivot pins (99)
which enable the complete horn and
seflector assembly to be tilted with respect
o the base of the scanner hub ; the casting
Is bolted to the lower end of the scanner
tre shaft. A description of the scanner

¢ mechanism is given in para. 67-70.

&2 For bombiug, the horn and reflector
mwembly is set so that the lattice frame-
Is parallel to the base of the hub (in
position the assembly is said to be
ntal, although this actually depends

. ¢ mounting of the scanner to the
and the flying attitude of the

This fixes the direction of

nuizn.um radiation at 10 degrees depression
8ves a cosec? distribution of power

‘1’? 0 70 degrees depression. Varia-

=t 1 dB may appear in the cosec?

s these are _due to interference
”m'mmanary radiation from the array
ndary radiation from the reflector.

(v 8 .

; w}:ildﬂymg at 20,000 ft. this setting
'nnﬂ)e reflector gives a PPI picture on
meensity frogmund returns are of even
» . o;nsa Tange of 20 nautical miles

s th Dautical miles. At a range
then agai:: rlenl;tler_ISIty Increases slightly
mn 1 mile aIns constant to a range
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Fig. 9. .lllumination of landscape by aircraft

Tilt mechanism

Need for two-position tilt

64. As stated in para. 62, the direction of
maximum radiation is set at 10 degrees
depression to give the best PPI picture for
bombing. This is not suitable for navigating
and provision is made, by enabling the
tilt of the horn and reflector assembly to
be set at an angle of 7 degrees above the
horizontal, to set the direction of maximum
radiation at 3 degrees depression giving a
greater maximum range.

65. When flying at 20,000 ft. this setting
gives a PPI picture on which the ground
returns extend to between 35 and 40 nautical
miles and towns can be recognised at
ranges of up to 50 nautical miles. The
intensity of the ground returns is corstant
from their maximum range to a range of
approximately 15 miles, where it increases
slightly and then remains constant to a
range of less than 1 mile.

66. The operator can set the position of
the horn and reflector assembly to give
the best PPI picture for either bombing
or navigating by means of a switch on
control unit Type S§65A. This switch
controls the DC supply to an electric
actuator which is mounted on the rotating
assembly of the scanner close to the flexible
feeder.

Electric actuator

67. Mechanical details of the electric
actuator are shown in fig. 10. The actuator
consists of a 24V reversible permanent
magnet motor driving a screwed shaft
through an epicyclic gear train. The
screwed shaft (125) engages with the
threaded inner of the main actuator shaft



106 ACTUATOR SHAFT

113 U BRACKET ON ITEM 106
115 BREEZE PLUG

116 GEAR ON MOTOR SHAFT

117 LEADS TO CONTACTS (ITEMS 127 and 128)
118 TOOTHED INNER OF MOTOR HOUSING

119 MOTOR HOUSING

120 PLANET WHEELS

121 PLATE MOUNTING PLANET WHEELS
122 GEAR (INTEGRAL WITH ITEM 121)

123  PLATE, SIMILAR TO ITEM 124
124 PLATE, SIMILAR TO ITEM 121
128 SHAFT, SCREWED

126 CONTACT ARM

127 CONTACTS, INNER (DOWN)
128 CONTACTS, OUTER (NORMAL)
130 SHAFT HOUSING

131 GUIDE FOR ITEM 106

132 WIRE RESISTANCE

Fig. 10. Electric actuator

(106) and as it revolves propels the latter
in or out of its housing (130).

68. The DC supply for the actuator motor
is fed to a 3-pin breeze plug (115) on the
motor housing (119). One end of the
armature winding of the motor is connected
to pin 1 of this plug and the other end,
through a wire-wound resistance, to two
sets of contacts (127 and 128) operated by
an arm (126) on the actuator shaft. The
inner set of contacts (127) connects the
winding to pin 3 of the breeze plug but
this connection is broken when the actuator
is retracted. The outer set of contacts
(128) connects the winding to pin 2 of the
plug but this connection is broken when
the actuator is extended. The wire-wound
resistance reduces the DC supply voltage
from its actual value (about 28V) to its
nominal value (24V) to prevent over-runn-
ing of the motor.

Scanner tilt assembly

69. The actuator (98 in fig. 7) is attached
by a pivot pin (112) to a bracket on the
casting (96) at the lower end of the scanner
shaft ; the pivot permits the actuator to
move slightly in the vertical plane as it

extends or retracts. A U-bracket (113) on
the actuator shaft is linked by a pin (103)
to an arm (105) which is pivoted about a
point (100) higher up on the casting. The
arm is L-shaped and its other end (102) is
attached by a turnbuckle (104) to a U-
bracket (101) on the horn and reflector
assembly.

70. As described in para. 61, the homn
and reflector assembly is attached by pivot
pins to a casting at the lower end of the
scanner shaft. When the actuator 15
retracted, the top plate of the reflector 15
parallel to the base of the scanner hub qnd
the reflecter and horn are regarded as being
in the horizontal position ; the turnbuckle
enables small adjustments to be made.
When the actuator shaft is extended, the¢
horn and reflector assembly is pulle

upwards and the amount of shaft extension
results in the top plate of the reflectof
being tilted at an angle of 7 degrees abové
the horizontal.

Tilt control 1
71. The circuit of the tilt switch on Cf)ntro
unit Type 565A and its connections 11 4

scanner are shown in fig. 11; for clarity
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Fig. 11. Tilt switching circuit

the Bnks in the coutrol unit arc not shown.
The switch has three positions but the first
of these ({’p) is not used in HZ5 Mk, 4.\
and has no effect. In the normal position
the UV NC supply is fed to pins 6 4
tive) and 6/5 (negative) and in the
position to pins 6/3 (positive) and
{negative) ; these pins are connected
junction box Type 325 to pins 2,

3, and 4 of the pluin 4-way W-plug on the
seanper hub and thence via brushes and

on the scanner centre shaft to
the breczo plug on the electric actuator.

& \When the switch is in the down
. the actuator is retracted, setting

position
the, horn 3;1(1 reflector to the horizontal
:ﬁﬁun." i cag btram‘ng the connections on
N b t: scen tha;t the DC suppl}'
ve) on thg)m;ct:mttgfgzgg:\)e an(ll ;
Z. .
Ibe Jead from pin 3 to the motor is brc?kl:g,

m as the the

inner contacts on
®ctmator shaft are broken by the contact
i

o Consequence the actuator does

n s
&u‘gﬁe‘“{%\ 1s now put in the normal
m‘ i supply is connected to

Wtaator ve) and 2 (negative) of the
M&tﬁ 111]Ug. The lead fr(Zm pin 2
3 shaf A lle outer contacts on the
bt nd, therefore, as these are
inot € actuator motor., The
or drives the shuft out of its

housing and in dowmg so tilts the horn and
reflector assembly  above the horizontal.
When this tilt is equal to 7 degrees, the
actuator shaft is fully extended and the
contact arm breaks the connection between
pin 2 and the motor, thus stoppmg the
action.

74. The reflector and horn will remain in
this position until the switch is put in the
down position when the DC supply is re-
connected to pins 1 (negative) and 3
(positive) on the actuator plug. The
contacts between pin 3 and the motor are
closed, so the motor rotates but in the
reverse dircction to that described in para.
73 because of the reversal in DC polarity.
Thus the actuator shaft is retracted bringing
the reflector and horn back to the horizontal
position.

Centre shaft assembly

75. Details of the assembly of the scanner
centre shaft can be scen {rom fig. 3 an
exterior view showing the camera switch
and tilt mechanism brush blocks is given
in fig. 12.

76. The circular waveguide inside the
scanner hub is actually a sleeve inside the
metal casting (31 in fig. 3) which forms the
centre shaft. The upper end of this shaft
runs in an oilite bearing (61), which 1is
mounted in the centre shaft housing (60),



45 COLLAR WITH CAMERA SLIP-RING
48 SLIP-RINGS (TILT MECHANISM)

52 RING SPACERS, INSULATING

53  WASHER, INSULATING

54 WASHER, METAL

S$7 TUBULAR FEEDER TYPE 200

58 BRUSHES

®

67

52 CLAMPING PIECE

60 HOUSING, CENTRE SHAFT

§1  HOUSING, BEARING SUB-ASSEMBLY
62 HUB CASTING

67 CAMERA BRUSH BLOCK

68 TILT MECHANISM BRUSH BLOCK

Fig. 12. Centre shaft assembly

and the lower end in a ball bearing (46) at
the bottonm of the hub casting (62). The
drive to the centre shaft (para. 8) s trans-
mitted by means of a large spur wheel
which is clamped to the inner ball race by
two lock nuts (49). The casting holding
the horn and reflector assembly (96) is
bolted to the circular plate which forms the
bottom of the shaft casting.

77. A slip-ring assembly is clamped on
the centre shaft between a rim of the
casting and two lock nuts (50). The
assembly consists of a slip-ring forming
the camera switch (43) and three slip-rings
(52) which are connected to the clectric
actuator on the rotating assembly of the
scanner.

78. The upper section of the centre shaft
is enclosed in a housing (60) which is bolted
to the top of the hub casting. The top of
the housing contains the oilite bearing (61)
and is clamped around the shaft : tubular
fecder Type 200 is attached to the top of

the housing by an ordinary  waveguide
locking ring. The brushes for the centre
shalt slip-rings are mounted in two brush
blocks (67 and 68) set at an angle of
approximately 90 degrees to cach other.

Cannections to tilt mechanism :
79. The leads [from thec actuator bhreeze
socket arc combined in a cableform which
runs to the circular plate at the bottom of
the centre shaft. The leads then divide
and pass through slots in the shaft casting
to the slip-rings. The slip-rings are num-
berecl in fig. 12 and 13 but not on the actual
scanner ; they are insulated from each
other and from the centre shaft by fabric
washers. The tilt mechanism brush bloc

(68) mounts three brushes (58), one running
on cach slip-ring, and the brush termina

are connected through a PVC cableform to
pins 2, 3, and 4 of the plain 4-way W-plug

on the scanner hub,

Camera switch
80. - The camera switch consists of tw(:
brushes (38) both running on the upp®



5) of the centre shaft. This

MUP- in (” c):onsists of a collar of insplatipg
%vhich has a metal strip let into 1ts
nce over an arc subtending

ater ci e
Tc?fngesr degrees. The two brushes
- .ngdea,n angle of 25 degrees at the centre

are connected via the pins

d
‘t:e;.h“i;aev-plug to the PPI camera

e seen that the pins of the

g :t c;ﬂpl bbe connected together when

brushes are bearing on the contact

and that this occurs over 60 degrees

of revolution of the shaft. The short circuit

Petween the pins will last for one-sixth of

second for the normal scanner speed of

£.p.m. and is used to operate the film
¢urning mechanism in the camera.

Nacelle

K. The section of the scanner projecting
below the airframe is enclosed in a nacelle
gonstructed of a material which is trans-
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parent to the beam of UHF energy. Three
types of nacelle are at present in use on
Lincoln aircraft fitted with H2S Mk. 4A.
The earliest type is constructed of solid
perspex and is very heavy ; a later version
is made of ‘‘ expanded perspex” and is
considerably lighter; the latest type is
constructed of ‘‘ expanded rubber’ and is
the most satisfactory.

83. At present all three types of nacelle
are beirig fitted, but eventually the two
earlier types will be replaced by the “‘ ex-
panded rubber ” version. This nacelle is
much thicker than the earlier types and
there is insufficient clearance between its
inner surface and the rotating mirror. A
modification to the scanner has conse-
quently become necessary and this is
described in a leaflet to Volume 2 of this
publication. This modification need not
be carried out until the *“ expanded rubber
nacelle is fitted.

CONTROLS AND CONNECTIONS

Centrols and adjustments

M. Certain of the adjustments described
below are only necessary when a scanner is
frst put into service or when assembling
after a major overhaul ; maintenance pro-
pedures ¢ e given in Part 2 of this Volume.

Reflector adjustments

BS. Before mounting the reflector assembly
bn the scanner base, the horn and reflector
must be carefully aligned to give the correct

:h;zlﬁ%t;{ia:r diagram. Two adjustments

[} Adjustment of the angle of tilt of the

horn by means of the two k
(1 07 in iy e two knurled nuts

@ Adjustment of the distance between
1lom and reflector by slackening the
€Xagonal-headed bolts holding the
8;330}; t% thz lattice framework

8- /) and sliding i
alots preoriaad sliding it along the

B T i
ng tll:vohtemplates are provided for align-

Orn and reflector and must be
m:ne at each end of the reflector, so
o Curvedd edge of the template fits
M ight iscm.v‘e' profile of the reflector and

Visible between them. The tilt

of the horn must then be adjusted until its
lower edge is parallel with the reference
edge of the template and the distance
between horn and reflector adjusted until
the edge of the horn just touches the edge
of the template. When the distance
between horn and reflector is correct, the
lip ot the horn should be in line with the
mark on the template. These conditions
must be satisfied at both ends of the re-
flector or beam squint will result.

Tilt adjustment

87. The angle between the two tilt posi-
tions of the horn and reflector assembly is
fixed by the geometry of the linkages to
7 degrees, but the turnbuckle (104 in fig. 7)
must be adjusted until the reflector frame-
work (97) is parallel to the base of the hub
when the assembly is in the down position.
This can be done by mounting the scanner
on a bench stand, adjusting the stand until
a spirit level shows that the base of the
hub is horizontal, and then adjusting the
turnbuckle until a spirit level on the
reflector framework shows that it is also
horizontal.

Marker phasing control
88. In order to set this control, the
electrical dead-ahead position of the scanner



must first be determined. This is normally
done when the scanner is first installed in
an aircraft and the position is then marked
by two lines scribed on the scanner base
and reflector bracket similar to those made
by the manufacturer to indicate the
mechanical dead-ahead position. The pro-
cedure used to determine the electrical
dead-ahead position is described in Part 2
of this Volume.

89. To set the marker phasing control
proceed as follows :—

(1) Set the scanner to ‘the electrical dead-
ahead' position and centre the PPI
trace on indicating unit Type 300.

(2) Switch to set course on control unit
Type 552 to freeze the magslip stators
and set the bearing line over the
PPI trace.

(3) Start the scanner rotating and check
that the course marker appears exactly
under the bearing line. If it does not,
stop the scanner, adjust the marker
phasing control and check again.
Repeat until the course marker appears
exactly under the bearing line.

Note . .

The marker phasing contrdl must not
be used when the scanner is rotating
or serious damage will result. Do not
use force to engage the gears.

Fishpond magslip

90. When the scanner is in the electrical
dead-ahead position, the stators of magslip
Type 7 must be adjusted to give a vertical
trace pointing to the top of the tube face on
indicating unit Type 188A; proceed as
follows :—

(1) Set the scanner to the electrical dead-
ahead position and check the position
of the trace on indicating unit Type
188A.

(2) If the trace is not pointing vertically
upwards within 2 or 3 degrees remove
the bolts securing the body of the
Fishpond magslip, lift up the casting,
and rotate the body of the magslip
until it does.

(3) Replace the cover and tighten the
bolts, so clamping the magslip in the
correct position.

Note . . .

Do not Uift the magslip cover any
Sfurther than necessary or the wiring g,
the terminals at the top may be damageq,

Connections

91. Connections to the scanner are made
via one 18-way W-plug, one 6-way W-plug,
two 4-way W-plugs, one 2-way W-plug,
and a waveguide connection. Details of
the .connections are as follows :—

(1) Plug Type W203; 18-way red, con-
nected to transformer unit Type 166A

Outputs from the

f :5531 sin ( stators of magslip

i Type 3. Pins 3

. 7 and 4 are earthed

PHC11542 cos 6 ( in junction box
an . Type 325

Pin 5 Course marker
Pin 6 Track marker

Pin 7 Earth (E2) for marker con-

tacts

Pins 8 Blank

and 9

Pin 10 Earth (not connected in the
scanner)

Pins 11 Scan waveform to rotor of
and 12 magslip Type 3

Pins 13, Switched DC impulses to the
14 and course repeater motor
15

Pins 16, Switched DC impulses to the
17, and track repeater motor
18

(2) Plug Type W199 ; 6-way red, connected
to junction box Type 325

. Outputs from the
Pins 1 gn g [ stators of magslip
and 3 Type 7. Pins 3
Pins 2 and 4 are e?.rtl}ed
and 4 €089 (E1) in indicating

unit Type 188A
Pulse input to the rptor
Pins § of magslip Type 7. Pin
and 6 is earthed in junction boX
Type 325.



_ 98 ; 4-way plain, con-
Jclﬁon box Type 825

94V DC (nof used).

Switched scanner tilt voltages.

198 ; -4-way 7ed, con-
covxlxtrol unit Type S565A

to
h & Suppressor.
24V DC to the armature

Pia I

and field windings of the drive
motor.
Pa Variable negative DC voltage

to the armature winding of
the drive motor.

Pi3  Blank.

(5)
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—24V DC to the field winding
of the drive motor.

Pin 4

Plug Type WI197; 2-way plain con-
nected to the PPI camera circuits
through a suppressor.

24V DC connection to the

Pin1 film turning mechanism in
- the PPI camera once per
Pin 2 ‘ revolution of the scanner

\ mirror.

Waveguide connector. This carries the
RF output from transmitter-receiver
Type TR.3523E to the scanner and
feeds the received signals from the
scanner back to the transmitter-re-
ceiver.
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CONTROL UNIT TYPE 565A
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wurel anlt, Type S565A : front panel . .o
givel sinit, Type 565A : interior e 2

GENERAL
4. Control unit, Type 565A contains all
the controls associated with the transmitter
scanner, which are required by the
mavigator in the aircraft.

= The controls provide the following
ng ;—
€1} Varying the speed of rotation of the
EEARNET,

ﬂ Selecting the angle of downward
the scanner.

¥ Selecting automatic or manual tunin
B signal local oscillator or switching
e gescon operation and providing manual
BBg Of the beacon local oscillator. A
ol is provided on the unit for manual
of either of the local oscillators.

Tl‘lemﬁlg switching circuits in the control

] Thisttgd with a six-pole two-way
: link must always be in the
‘ &e:t:ﬁrked for scanning unit, Type
T €r position (marked for scanning
YPe 111) is not used in H2S, Mk. 4A.

' - CIRCUIT DESCRIPTION

control
The
B-way W:plug on the control unit

e to juncti
the Junction box, Type 325,
red 4-way W-plug through the

Para.

Sconner tilt control .. 5
Tuning switch and tuning control e 8
Connections N ]
Fig.

Control unit, Type 565A . 3

scanner bulkhead and a suppressor to the
scanner. The 24V DC supply is fed to the
control unit via pins 6/1 (—24V) and 6/2
(4+24V), and thence to the field winding
of the scanner motor via pins 4 /4 and 4/1,
the latter being positive. A variable voltage
is fed from the resistor RV2 via pins 4/1
and 4/2 to the armature winding of the
motor. RV2is a 10-ohm variable resistance
incorporating an on/off switch at one end,
the DC supply to pin 4 /2 being broken when
the slider is in its fully anti-clockwise
position. The speed of rotation of the
scanner can be varied from 0 to 60 r.p.m.
by means of RV2.

Scanner tilt control

5. Switch S2 is a two-pole, three-way
heavy duty switch providing remote control
of the preset angles of tilt of the scanner.
Links L1 to L6 enable the tilt switching
circuit to be altered if the control unit is
used with other scanners.

6. Normally, the links must be in position
for scanning unit, Type 109 (shown dotted
in fig. 3) and position 1 (UP) of the switch
is not used. In position 2 (NORMAL) + 24V
is applied to pin 6/4 and —24V to pin
6/5 ; in position 3 (DowN) 4- 24V is applied
to pin 6/3 and — 24V to pin 6/4. Pins 3,
4 and 5 of the six-way W-plug are connected
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on box, Type 325 to the
they are connected to the
tor (Chap. 5).

ghrough juncti
' Er where
Miles electric actua

10 to Vol. 2, Part 1, of this
eai{iigltl describes a modification to the
control unit which involves changes to
the DC polarity in the scanner tilt switch
and speed control circuits. These changes
have been incorporated in this chapter
put it should be noted that the position of
the links marked for scanning unit, Iype
111 (shown by the full lines in fig. 3) is no
jonger correct for that unit. This is not
jmportant, as scanning unit, Type 111 will
pot be used in H2S, Mk. 4A.

7. L
public

Tuning switch and tuning control

8. When the facility switch on trans-
mitter-receiver, Type TR.3523E is in the
REMOTE position, its functions are assumed
by the tuning switch (S1) on the control

unit.

9. In position 1 (MANUAL) of the switch,
the relay circuit in the transmitter is
earthed through R1 (62K) and the high-
resistance relay operates. As a result, the
signal local oscillator is in circuit and its
reflector is connected to the slider of RV1
in the control unit. In position 2 (AFC),
the relay circuit is not connected to earth
and in consequence the stgnal local oscillator
is in circuit and its reflector potential is
controlled by the AFC circuits. When the
8switch is in position 3 (BEACON) the trans-
mitter relay circuit is earthed directly and
both relays operate. As a result the HT
supply is_switched from the signal to the
beacon local oscillator and the reflector of
the latter is connected to the slider of RV1.

10. The tuning control RV1 (200K) is
connected in series with R2 (100K) and R3
(68K) between -+ 330V and + 100V. The
transmitter is connected directly to the
Control unit by means of a 4-way cable.

M. In the BEACON position of the tuning
Switch, pin 6/6 is earthed. This pin is
Connected through junction boxes, Type
6%5 and 341 to waveform generator, Type
and modulator unit, Type 196/WW.

- en the pin is earthed, a relay in the
aveform generator reduces the p.r.f. to

ine P-ps. and relays in the modulator
~ tl‘e.ase the pulse length to 21 us. Full
®tails of the action of these circuits can
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be found in Chap. 3 and 14. It should be
noted that the scale switch on indicating
unit, Type 300 has no effect on the p.r.f.
when the tuning switch is in the BEAcoN
position. If the transmitter is not fitted
with a pulse transformer capable of handling
the 2} wus pulse, the earth connection to
the second card of the tuning switch is
removed, thus preventing the change in
pulse length and p.rf. described above.
This modification is described in a leaflet
to Vol. 2, Part 1, of this publication.

CONNECTIONS
12. Connections to the control unit are
made via one 6-way and two 4-way W-
plugs ; details are as follows :—
(1) Plug, Type WI199: 6-way plain con-
nected to junction box, Type 325.

Pin 1 —24V DC
Pin 2 +24V DC
Pin 3, 4

Switched scanner tilt volt-
ages.
Pin 6 This pin 1s earthed when the
tuning switch is in the
BEACON position and con-
sequently the p.r.f. of the
equipment is changed to 335
p.p-s. and the pulse length
to 2} us. If the pulse trans-
former in the transmitter
cannot handle the 2} us
pulse, a modification to the
switch prevents this pin
being earthed.
(2) Plug, Type WI198; 4-way red, con-
nected to the scanner through a
Suppressor.
Pin 1 424V DC to the armature
and field windings of the
scanner motor.

and 5

Pin 2 Variable negative DC volt-
age to the armature winding
of the scanner motor.

Pin 3 Blank.

Pin 4  —24V DC to the field wind-

ing of the scanner motor.
(3) Plug, Type WI198, 4-way plain, con-
nected to transmitter-receiver, Type
TR.3523E.

Pin 1 Relay switching in the trans-
mitter.

Pin 2 Tuning voltage.

Pin 3 +330V(1) DC.

Pin 4 +100V DC.
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