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typs 204 on power unit to read pin 1, nagetive pin 2, positive.
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operation of the relays ss follows :
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Tars. 157 line 2 amend "2,V positive® o read “24V negative®
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Fara, 14l &1’.‘.) line 1 smend "24YV positive’ to rsad "24V negative®
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Para, 143 line 2 amend "+ 249" to redd "~ b/ N
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AeReTo 5153
(H28 Mark II)

INTRODUCTION
FACILITIES PROVIIED BY THE EQUIEMENT

1. The sguipment desoribed in this document, which is known as H2S Mk.II or
ASY Mk.III equipment is primarily a device to enable blind bombing to be carried
outs It is also used for the purpose of aiding navigation of aircraft, The
remerikable feature of the squipment is that it sets out to display on a scresn a
pietorial representation of the ground over which the aircraft is flying. This
pioture is produced with the aid of eleotrical rays so that it can be produced at
night or in fog or cloud.

2. In addition to providing this somewhat rough picture of the surrounding
country, the installiation also gives the following important items of Information:-
These are the range and bearing of a zeleoted target snd the height of the sircraft
sbove ground. This height is knowm as the terrain clearance, which is in general
different from the height sbove sea level given by barametric altimeters. It is
given to an accuracy of the order of ¥ 200 ft.

3. By means of switohing arrangements, the area coversd by the picture can be
thet within a readius of 10, 30 or 50 miles of the airerafts ancther range is also
provided, known az 50 to 100 mile renge; this gives a rather distorted picture of
cvertain objects lying within a ring of cocuntry betwesn 50 and 100 miles from the
aireraft. This means that four alternative maps ecan be provided, three of whioch
will have diameters of 20, 60 and 100 miles, snd the fourth will have a dismeter of
200 miles with the middle missing.

hs The*orientation of ins pioture which is produced on the screen of the
cathods rey tube can be gontrolled in two ways =

(1) The top of the pioture can correspond to the direction in which +the
sircraft is flying, or

(i1} 'Te top of the picture can always be true north.

These alternative facilitios are obtained by either producing the pleture directly
on the soreen or, as it were, unooupling it fram the airereft and controlling it
from the D.R. caspass. In the case of Coastel Camend sirecraft, the direot method
is used, but in the cszse of Boumber Command airoraft where it is desireble to know
the relationship between the oourse of the airoraft and the true north ard south,
the seocond method is used, in which the D.R. compass controls the orientation of
the map.

5+ The D.Rs compess is a gyroscopically-operated compass which im aituated
usually at some point in the tail of the alroraft well away from masses of metal,
such a8 engines, which would be likely to affect the magnetic bearing. The position
of the oompass bearing relative to the course of the siroreft, can be displayed on
dials situated in other parts of the airoraft, s.g. pilot's cockpit and navigator's
table. Por this resson the compass is called the distant reading or D«Re conphas.
Eleotrical currents are used to opernte the distant reading dials of the D.R.
acmpass, and by sulteble intercormection of these circults with the H2S8 equipment,
ths cmpess oan be mads to control the orientation of the H2S map.

6+ Since the map will not now give any indication of the directiom in which
the airoraft itself is moving relative to the objects displayed on it, it is
necsasary to show on the map a line corresponding to the directiom of flight of the
airoraft. This line is known aa the heading marker or course marier. The course
marier appesrs a8 & bright line fron the centre to the edge of the mup.

ROTE: There is a point here which should be borne in mind by navigators.
The heading marker shows the direction in which the nose of the
airoreft is pointing, but if there is a slde wind, the actual course
followed by the machine will be the reaultsnt direction obtained hy
canbining airoraft speed and direction with the wind speed and
direction by means of a vector diagram.
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7« Other navigation cansiderations, such as, variatiom and deviation of
campass bearings must also be allowed for by adjustment of the controls provided
on the DeRe compass.X®

8. The information given by the H28 equipment can, therefore, be summarised as
Poilows =

It gives -

(1) Blind bombing facilities by virture of giving a picture of terrein
and builteup areas.

(ii) The most accurate available information on windspeed and direction.

(iii) ‘e information required by the navigator or bomb aimer 1s obtained
in termms of -~

(a) an accurate range on the target,

{(b) on acourate indication of height above ground,

(¢) &n accurate renge on cbjecta passed en route,

(d) the heading of the aircraft relative to compass north.

PRINCIFLES OF OPERATION

9. In order to understand how this equipment operates, it is perhaps desirable
to examine the mechanism of ordinsry wision. Imagine thervefore an chserver in an
aireraft looking at the ground below him. In daylight when there is no cloud,
Iight frow the sun is reflacted from ohjeots on the earth. Owing to the diftferent
capacity for refleoting light possessed by different objects end also owing to the
different angles that the surfaces of these objects make with the path of the light
reys incident on them, these cbjects can be distinguished from one ancther. In the
dark it would be necessary for the airoraft to provide its own illumination, e.g.
in the form of a searchlight, before the observer could receive back reflections
fram objects cn the ground. A nbmal ssarchlight has 8 fooussed beem and
consequently will only illumirete & amall patch on the grounds To illuminate every
objeot within a ciroular ares of say 20 miles dlemeter beneath the airoraft, it
would be necessary to move the searchlight about and illuminate successively each
little patch on the ground.

The beam

10. In this eguipment the ground bensath the sirersaft is illuminated not by &
searchlight tut by & besm of rediatiom, also instead of illuminating Jjust a small
patoh of the area, it is arranged that & wedge-shape slice of the area is illumine
ated. This is done by stretching out the beam in the vertical plane whilst keeping
it parrow in the horizmmtal plane. The effect is illustrated in figesde In this
illustration the aircraft is represented as positioned at A; B is a point
impediately below the aircraft on the ground, and ¢ and D are points on the ground
showing the limit of the distance at which the rey strikes the ground. The area
"11Tuminated” is thus the sector BUD of the whols circular erea Pormed Yy rotating
this sector about the point B. The angle CAD which is the angle of spread of the
boam as it leaves the eireraft, is sboat § deg. ALl objects lying within the area
DCB are more or le=s equally illuminateds The shape of the bsam therefore some-
what resembles that of & slice of cake, with no height at the ciroumference. By
rotating the beam through 360 deg. about the vertioal axis AB, it ia possible to
1illuminete the whole of the area enclosed by the dotted circle.

1l. Qonsider now objects within this srea; those nearest the point B will be
nearer to the alrcraft than those at the edge of the area, the actusl distance
fram the alreraft being the slant distence from A to the object in question. This
we will call the slant range. This difference~in-range feature of various cbjects
is utilised in building up & mep of the terrain in the H2S equipment.

% Purther information on this subject is available in A.P.1234. 'The D.R. compass
iéia:lg is described in A.P.1767, later changed to A.P.1275B, Vol.I, Sect.3,
Defo
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12. ‘he picture which the equipment produces appears as atated sbove, on the
screen of & cathode ray tube. The form of time base® employed is readisls This
tima base rotates and sweeps over the area of the screen Juat &s the radiation
beam covers the ground undernsath the aircrafts The tims base is srrenged to
rotate at exactly the same rate as the beam rotates.

13. Although the rotating time base is always present, it is not always
311luminnted. It is, in fact, arranged that the electron beam in the oathode ray
tube which prodnees the spot on the soreen, is intensity modulated by the reflec-
tions received from the ground. By careful setting of the critical level at which
the time base becomes visidble, it is possible to arrenge that returns from cobjects
illuminated by the besm (echoes) will brighten the trace sufficiently to produce
a visible image on the soreens. Since the time base is rotating at the sams rate
as the rediation beam any particular echo appears in the same position on the screen
of the tube at each revolutions In order that a picture may be tuilt up an affter
glow sorsen is used, that is to say, ome which continues to show a spot for a few
seconda wherever one is produced on the tube face. By this method the tube retains
a complete picture although each particular apot is only illuminated at the moment
the rotating time base actually passes through it.

e  The pioture on the soreen which is o uilt up requires some experience
in interpreting. In general, echoss are only cbieined from abrupt chenges of land
or seascepe, On land, buildings and other man-made structures and predominating
relief features, such ag cosst lines (especially cliffs and islands) give good
achoes. Minor topogrephical irreguleri fnp, such sz small hills, velleys, rivers
and woods, do not give rise to ary noticeable response. Water except when rough
gives an extremely small reapomse, snd thus ships {which give & good response) are
distinguishable. It should further be noted that the pert of the picture emanating
from any particulasr festure or smell group of festures, is not constant in shape
but tends 4o becune a rough replieca of the actual festure as the airoraft passes
over it

15 Whilsat it has been staled that an elsctrical beam of trensmission is sent
the radiation is not continucus. Actually a series of pulses are sent out at
intervals of approximately 1,500 miorosecends, thus about 660 pulses are sent
every second. The pulses are 1 microsecond lomg. As redlo waves travel at the
rate of 186,000 miles per second or cne wile in 5.4 misrcseconds, there is time
‘between the pulses Pfor the wave to travel about 2,0 mileas there and beck to an
object on the ground. Actuslly it is not possible to recelve echoes, from cbjects
other than large cnes more than about 50 miles distant from the aircreft.

The plan position indicator

16 Since the plan view of the terrein bensath the airvoraft is reproduced on the
sereen, this is cailed the plsn position indieator. Let us now consider in greater
dstail, how the picture is built up on this plan position indicatfor or P.PuIl. tube.
We have said that the radlation beam scens the terrain, and that the rotating time
base on the CuR.Ts soreen rotates at the same rate. Now the redistion beam consists
of & series of pulsesz and the important point to grasp is that the moment of send-
ing out each pulse is synchronized with the moment of starting off the redial
time base from the centre. When the echo returna therefore, it brightens the trace
at & distance from the centre of the tube correaponding to the slant renge of the
mgﬁt-

17+ Let us now analyse the echoes we shall receive from three different targets
say at B, P and Q in fig.l{b). We Pfind that at the point B immediately below the
aircraft, the pulse has to travel to the ground and beck to the aircraft, and its
time of travel depends on the height of the aircraftse The echo therefore appears
along the time base at a distance from the centre of the soreen (which is, of course,
&t the beginming of the time base) corresponding to the height h of the airveraft.

® The time base may be described as s line formed by a spot, visible or invisible,
which moves at a uniform speed from the centre to the circumference of the soreen.
If visible for the whole distance, it will appear as a bright line like the spoke
of & wheel.
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Since the beam is rotating ebout the vertical axis AB, it follows that the point B
always lies within the beam, and therefore the retwrn will appsar on every time
base no matter in what direction the besm is sent. What appears on the tube is,
therefors, & bright ring known as the "height ring® shown at (b) in figel(e)e In
the case of a target af P, the echo will brighten all the time bases sent out while
point P remains in the beam as it rotates.

. 8. 'fhe beam rotatez st the rate of approximately 1 rev. per sesond, and since
it is approximately & deg. wide, it "Llluminetes® a point Searget for _%.. = E.”:‘L‘ aec.
360 G
in each revolutione. Pulses are sent at the rate of 660 per second so that 11 pulses
strike the target snd return schoes which illumirate 11 time bases in succession,
these form & mmall are ss shown &% (p) in fig.i(e).

19, To facilitete the taking of besarings s Perspex scele which is fitted in
front of the soreen is used. This scsle has lines engrewved on it sa shown in £ig.52.
It can bes rotated po as to cover any dssired sche, and the tvus bearing {glven by the
centre of the arc) can he resd off ths scale &t the bottem of the moreen. In the
aystem descelboed above, ne returne can be produced Mrus tBrgess &b renges less than
the helght o the alrereft, otber then from other airoreft or ballooms; there is
therefore an ares in the sentre of the sereen with no ploture oo It

20. Tha effest of the production of this "hale® is to dlstort the map. It may
be operaticrally desimble to close up this bole and s method by whioh we scan do
thls is to advense the firing of the transpitier so fthat the Mrst return gebts back
at the mement that the spot forming the scen passes the centre of the tube. ‘This
means that the helight ring haz to be shrnmb % & apst. The wey in which 1t is
eleatrioally possible to shilf ths Tiving of the fLranamitier to produce this effect
is dealt with later.

2l. Another form of distortion is introdusced into our maps becsuse the radil
measured on the scresn to the aros p and g in fig.le will be proportiomal to the
slent distances AP and AQ in fig.ls. On the 30 mils and 50 mlle renges this will
ot matter mach as the slant ranges will not be very different from the ground ranges
For bombing howsver when the 10 mils range is belng used something more accurate
is required and this is dealt with in pares. 26 et seq below.

Tne height tube

22, There ia In addition to the plan position indicator a second cathods ray tube
in the indioator unit known as the height tube. This tube has & fixed time base
whioh is permsnently illuminated, and echoss whioh appsar on it teke ths fom of
aldewsys.defleotions or blips. The appearencs of echoes on this tubs, is very
gimilar to that produced in the Mark IT ASV. At the lower end of the trece there is
an intervel over which no schoes are produced, then follows the nsarest return which
canes fran the ground immsdiately below the aircraft. Other schoes fraom objeats
further away from the alroraft appear at points higher up the scan. The first
return to appear gives an indivation of the actusl helght of the airoreft above the
grounds For thia reason, the tube is celled the height tube.

HEIGHT AND MARKER RANGESD

23. 7To obtain a direot measuremsnt of height, it is arranged that another blip
oan be produced artifioally, and its position oun be adjusted by meana of a mamual
eontrol, to which ia attuched a height disl directly calibrated in feet of height.
The control is turned until this blip disappears into the first ground retuwrn, and
the height of the aircraft can then be resd dirveotly from the dial of the control.

2he In addition to this artificial marker ¥lip, there is another marker which
glves ground renge. This marker appears on both tubes. On the P.P.l. it is
produced a8 a bright ring, and on the height tube it appesrs as a second blip. Its
position is adjusted by ancther control, knowm as the range marker control, which
oontrols the radius of the ring on the F.P.I. tube, and the position of the blip
along ths time base on the heipht tube in the same way as the height marker is
controlled. The control is adjusted so as to make the ring produced on the tube
pass through the target spote The range of the latter ¢an then be reed off from
the scale ocn the comtrol.
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25. What is actually being read here is the slant renge to the target. In
oages where the height of the aircraft is low and the target is at'a considsreble
distance, the slant range is actually very nearly equel to the range of the target
measured along the ground from & point Lmmediately below the aircoraft. Referring
back to fig.l, the range of an object say at D, will be measured a8 AD, wheress the
actual distance the target im eway will be ED. At targets closer to the aircraft,
it 1z neceasary to apply & correction to aliow for the difference between ground
distence and slant range. These corrections are worked out for a variefy of
helights and ranges and projected as a series of curved graphs on to & drus opersted
by the range marker knobe This forms a sort of ready reckonsr ensbling the
sperator to read the true range directly.

46. In the case of bombing, the range is less than 10 miles and slant range is
no layger & sufficiently acourate approximation for ground renge.

27« From Figure 2o it is clear that kmowing the height AR of the airoraft and
the slant renge AC of the target, the ground range BC of the target could be
caloulated.

Z8ie Ground range is not found in this mammer, since for small values of B,
AU remslng fairly coovtant and the method would not give a suffiolently accourete
vedue of BCe The difficulty is overcome by altering the circuits of the squipment
#o that height AB and slant renge mirus height (that is, DC) are measured. It can
be seen from the figure that DC decreases rapidly as ¢ approaches Be Its measurement
thus mekes possible & very accurate caloulation of BC even whep BO is amell, The
mothod of seiting the messuring conbrols is the seme es for the longer ranges.

23» 'To avoid & delay in the caloulation of the ground range from the height and
slant renge minus height, an automatic calculstor ie supplied. This provides a
graphical result which can be read directly off a drum (Sse Pig.2d).

0.  Grephs of & mmber of constent ground range curves are pletted on the oylind~
rical surface of the drum so that haight appears along one axis and slant range
minus height along the other ™z pointer is moved vertically over the graph by the
hedght control and the drum rotated bensath it by the range contral; readings of
the ground rengs are taken from the drum using the tip of the pointer as index.

Bhe  Thw draw cén be regarded as a whole series of disls, correspomding to all
possible helghts, Jolned together, with the pointer indicating which dial to use
{Hee Fige2d).

Y

324 The sccuracy in satlmatirg ground renge showld be ~ 200 yards on the 10 mile
range and = 2 per osut on the 30 mile or 100 mile range for an airereft flying at
10,000 fent.

NBRAL: TESCRIPTION
TR FIEMERT
Ve Briaf wusmerw.e The sguipment required camprises the units shown in Pige D

D1 the tranamliiing side, we start with a power supply produced from an engine driven
gamerator regulated by the eontrol panel. This is fed to modulator, type 64, in
whtan 3e3 BV pulses of 1 microsecond duretion are produced. These pulses are fed

* the transmitier receiver unit, type T.R.31591 where they are converted to pulses

2 He¥s emergy and supplied through a semcentric line to the rotating scanmsr unit.

Bie On e rocelving side there is a receiver and indicator unit, in addition
o the recelving seotion in the T.R.3191. The same aerial system is used for both
reception and tranemlssion.

35+ Ae well as the units employed for trensmitting and receiving, it is necessary
to have scme means of timing the whols equipment, and & wavefomm generstor which scts
&3 8 sort of master olock is smployed to synchronise the sending out of the pulses
from the transmitter and the sturting of the time base traces in the indicatar.

36. The power required by these units is also obtained from the engine=driven
gonerator controlled by control panel, type 5 or type 6 mentioned above, the
%mw%gém to the various valtages required being accomplished from the power unit,

g S8
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25, What is actually being resd hers is the slant renge to the target. In
cnses where the height of the alrcraf't is low and the target is at a considareble
distance, the slant renge is asctually very nearly equal to the range of the target
measured along the ground from a point immediately below the airoreft. Referring
bagk to fig.l, the range of an object say at D, will bs measured as AD, whereas ths
sotusl disterce the target Ls away will be BD. At targets closer to the sircraft,
it is necessary o apply a correction to allow for the difference between ground
distance and slant range. These corrections are worked out for a variety of
heights and ranges and projected as s series of curved graphs cm to a drum operated
by the renge marker lnob. This forms a sort of ready reckoner enabling the
aperator to read the true range direotly.

26+ In the omse of bombing, the range is less then 10 miles and slant range is
ne longer & sufficiently aoccurate approximation for ground range.

27« Prom Pigure 2o 1t s olear that knowing the height AB of the alroraf't and
the slant renge AC of the target, the ground range B of the target could be
sadoulated. '

280 Groud vange is not found in this mewmer, since for small velues of B,
A% remsing Fairly owrtant and the method would not give a sufficiently scourete
value of BCe The difficulty is overcoms by altering the circuits of the equipment
g0 that beight AB and slant rengs mimis height (that is, DC) are measureds It can
be ssen from the figure that DC Georesses rapidly as C approtches B. Its measurement
thus makes possible & very accurate caloulation of BC even when BC is amall. The
methol of setting the messuring contrels is the same as for the longer rengess

29 To avoid a delsy in the caloulation of the ground range from the height and
alant range nimus height, an automatic oaleulator is gupplied. "his provides &
groaphical result which csn be read dirsetly off a drum (See Pig.2d).

30«  Grephs of & mmber of comstent ground reange curves are plotted on the cylind-
vioal surfece of the drum se that height appesrs along one axis and alent renge
cpinas height along the other. 7he pointer is moved vertically over the graph by the
haight comtrel end the drum rotatéd beneath it by the rangs conmtrol; readings of
the ground vange &re teken from the drum using the tip of the pointer as index.

5 The drum can e regayded as & whole serdes of dials, correspopding to all
possible heights, Joined together, with the pointer indlocating which dial to use
{Bew Pig.2d).

. +

J2. The acouracy in sstimeilng ground range should be - 200 yerds an the 10 mile
punge #nd - 2 per cent on the 30 mile or 100 mile range for an airoraft flying at
10,000 fent,

5% Belef mummsry.- The ecquipment required samprises the units shown in Pig.5.

Cn the frensmiiting side, we start with a power supply produced fram an engine driven
grnerator regalated by the csontrol panel. This is fed to modulator, types 64, in
whieh 3.3 KV pulses of 1 mierosecond duretion ave produced. Theae pulses are fed

b Bne brapsmitter recelver unit, type TWRe3151 where they are somverted to pulses

of B.¥ epergy and supplied through a comcentric line to the rotating scanner unit.

e O the recelving sids there is a recelver and indicator unit, in addition
% the recelving section in the T.R. 3191 The seme aorial system is used for both
regention and transmission.

- 35. Ap well as the units employed for trensmitting and receiving, it is nscessary
to have some msans of timing the whols equipment, and a waveform gensrator which acts
a8 & sort of dester olack is employed to synchronise the sending ocut of the pulses
From the transmitter and the starting of the time base traces in the indleatar.

364 ‘he power required by these units is also cbtained from the sngine-driven
generator eontralled by oontrol panel, type 5 or type & mentioned above, ths _
e;;@mwgg{ﬁ;m o the various voltages required being accomplished from the power unit,
type 280,



5eD.0296{1), CHAP.1
- 9 - 2nd Bdition

37. It is necessary to control the order of switching on the various supplies
and to safeguard against the poswibility of faulte introducing a dangerously high
losd at any point. 4 system of safety cireuits is included in the power unite

38, To combine the D.R. compass position with ithe indicated map position, the
heading control unit, type 218, is used.

39+ These units, together with the junction box, type 83, camplete the list of
separate items of the equipment. The whole are interconnscted by cables as shown
in figi5-l
LIST OP UNITS

40.  The ARL.5L53 eguipment comprises the following units:w

Unit Ref.Noa Dimensions Weights
¥idth  LoagHh  Depte ibs Sz

Power Unit Type 224 or  10KB/512 115" 187 1ien 30 0
Fower Unit Type 280 1OKB/ 747 1l.5% g 124 30 0
Switch Unit Type 207 loFe/6006  1zv & Gn VN ¢
Waveform Generator Type

27 or 1OVE/6005 1.5 el B 15 0
Waveform Generator Type

26 1ove/600h  1l.5" Lon g 15 0
Modulator Type 6l 1008/956 8.5 21m 12 57 o
Transmitter-Receiver

Tyve TR3159 or 10D8/867 Ge 5" 15.75" ™ 42 o
Transmitter-Receiver

Type TR3191 10DB/1003 Ga 5" 15.75% " 42 0
Receiver Type R3516 or 1O0DB/6061  11.5" 18+ g 30 0
Beceiver Type R3515 10DB/6060  11.5% g gn 30 0
Indicating Unit Type 163 10GB/6011 8.5 18# iz¥ NN 0

01
Indicating Unit Type 162 104B/6020 Ba5" 18" 12v 4y 0
Control Unit Type 218  10LB/26) 6.5 3.5m 6" 2 8

le The following equipment is part of the ARI.5153 installation but is
ususlly permanently installed in the aireraft.

Bnit Ref.No. Remarks
Junstion Box Type 83 or 10AB/2Z12 Essential for mircraft fitted with
TR3190 (Lucerc Mark I) or TR3160
{Incero Mark II).

Junction Box Type 206 104B/6031 May be used for Lucero is not fitted.
Either Generator Type U 50/ 349 AC Generator

and Generator ‘type KX 51/ IC Gensrator

or Generator Type UKX 5U/5h21 AC/DC Generator used in Wellington

XIT edireraft to replsce Generators,
Types, U and KX,

Bither Control Panel Type 5 5U/363 Used with Generator Type U
or Control Panel Type & 5u/521 Used with Gensrator Type UKX

and Choke Pox Type I 5U/2277  Used with Generator Type UKX
Searming Unit Type 3 104B/1369 For Bamber Command Halifax, lancaster
and Stirling Alrcrafi.
Aerial System Type 307 10BB/6035 Used with Scanning Unit Type 3 in
or Bamber Canmand Halifax and lencaster
- aireraft.
Asrial System Type 178 108B/3090 Used with Scanning Unit Type 3 in
Bamber Command Stirling sireraft.
Cormector Type 131 10H/3561 Used with Scanving Unit Type 3 in

Boamber Comnand Helifax, Lancaster
and Stirling airveraft.

Searming Unit Type 51 10AR/6022 For Comstal Camand Halifax and
Wellington XIT aircraft.
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Either Tutular Feeder Type 61  10AR/613l.  For use with Zcanning Unit Type 51
and Conmector Type 1704 lor/6361 For use with Scarming Unit Type 51
or Tutular Feeder Type 62 1 &1&;93 Finel models replacing Tubular
and Connestor Type 1716 1(¥/6388 )} PFeeder Type 81 and Cotmector
Type 170k

Connestor Type 1513 10H/3892  H.P. Conmwctor for Bosber Comuand

Halifax and Stirling airoreft and
Comstal Commend Belifax and
Wellingten XII alraraft.
Conneator Type 1691 10H/6260  H.P. Connector for Bomber Coamand
Larsaster airoreft.
Conmeotor Set Typs ARI.

5153/AU. 106/618),  PFor Bomber Commard Lancaster airvoraft.
Conneotor Set Type ARI.

5153/ A0 10H/6185  For Bomber Command Stirling aircrafs.
Connector Set Type ARI.

5153/AR. , 10H/6186  PFor Bomber Command Hulifax airoraft.
Cormector ‘Set Type ARI. Por Coastal Compand Wellington XII
5153/DL. 10H/60%9  aircraft.

Conneotor Set Type ARIL.

5153/AK/2 /6360  For Comstal Camend Helifax aireraft.

42e The following eguipment is auxilisry to the main ART.5153 equipment.

Treneni tter-Receiver

Type R3090 1008/444  Mark IIT IFF Set.

Transmd tter-Receiver

Type TRI1Z0 10DB/1002  lusvero Mark I

oy Transmltter-Receiver

Type TRILEO 10DB/868  Imecero Merk I

Aerials Alroraft Type 501 10BE/6003  herials for lucerc Mark I

FUNCTIONS OF URITS

43,  Considering now in greater detall, the varions functions performed by these
units. These functions have been indicated in two blook achematioc dlagrems, Pigs.’
and be Pig.} is a simplified block schemstio showing the lmpoitant items while on
figelk the oomplete course of sll effects oan be traced. In both fig.h the power
supplies have been cmitted to reduce cmmplexity. It will be seen that on the diagrem
the lines showing the passage of "effects" from one unit to another are marked with
arrows showing the direction of the "effect®.

4he  To underatand the segquence of operatlon, it will probably beessisst Lo
atart with the master timing olreult or multivibrator, altuated in the wavefors
genayator. This produces a square wave anl the zero an the time sesles of the
wevelfors diagrams are fixed by the negative-going sdge of the multivibrator square
WEVE .

45. [Transmission end reception.~ Let us firet conslder the production of the
signel and its reception and subsequent wandesrings. The negative golng square of
the multivibrator Pirat contrals a sawtooth genevator situsted in the wavefom
geomrator box. The sawtooth waveform is made aveilable ss both positive-going and
negative-going slops reckoned again from the sems time zero. At & glven point on
the slops, regulated by the transmitter timer, & timing pip, is sent through the
the blue lead to the modulator. This locks the multivibrator in the moduwlator and
ensures the exsot timing of the modulator output. The multivibrator produces A
20 microsecond pulse which acsn probably best be desoribed as & priming pulss. The
end of the priming pulse times the Piving of the high voltage pulse which is the
astual modulator outputs

L6« 'The modulator output is stepped up by a pulse trensformer and is converted
to R.F. in the tranmmitter, from which it is fed through a congentric line to the
scanner and radisted.

47. A portion of it is reflected back along prectically the same path to re-
enter the H25 system as the received pulse. During the time that the radio pulse
is going to the tearget and back, the scanner which is rotating at the canparatively
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low rate of 1 reve per second has not moved appreciably, so that the scamer

mirror is in the correct position for receiving. It is received on the same

aerial and & soft rhumbetron electronic switch is used to change over the system
from tranamission to reception. The detailed manner in which this operates is
given in para. 201, The received signal passes the soft rhumbatron and enters the
crystal mixer chamber where it 1s mixed with the cutput of a locsl cscillator to
produce &n intemediate frequency signel. It is not amplified at signal freguencics
because up to the present no method has been found of amplifying at this frequency.

LB e mixer, TeRe switch, and first stage of I.F. are all housed in the
T+Re 3101 unite On leaving this, the signel passes along the green lead to the
receliver where it is further amplified at I.P. then detected and passed on as &
uni~directional pulse to a stage known as the receiver putput stage also situated
in the receiver box (Re3515)e Here it is mixzed with two other pulses whose
fupetions will be desoribed later. 'The cutput from the receiver cutpui stage
leaves the receiver box via the grey Pye plug and goes back to the wavefom AENe -
ator box where it is mixed with another weveform known as the bright-up wavelPorm. 14,
leaves the waveform generator box and enters the indicator box through a black lead.

P.P.T. DISFLAY

49, After pasaing through & somewhat umusually arranged amplifying stage, it 1o
applied to the grid or modulating electrode of the P.P.I. tube, where it brightens
one or more of the radial scans at certain points along their lengths, and so forms
the pioture.

50s The generation of the radial time base on the PoPvTs and its synchroni ariion
with the movement of the scanncr is accomplished by inter-commection of & magsiip
attached to the scanner with the time base amplifier supplying the deflection plates
of the P.P.I. tubes Details of this action are given in pars. 161.

51+ We mentioned above that the receiver output was mixed in the receiver ocutput
stage with two other pulses. 'These pulses are the course marker and range marker
rulses. The course marker pulse is derived fram contacts olosed by & cam goered fo
the scarner mechanism. Closure of these cuntacts initiates a wavefomm which hright-
ens at least one redial time base, The detail of this action is desoribed in pars.

52. 'The runge marker is timed from the end of the priming pulse except when the
squipment is set an the 10/10 mile range. Thus the application of the signal
together with these pulses and the bright-~up pulse to the grid of the P.P.I. tihe,
will produce a picture showlng the vourse marker ss a bright redial line, the range
marker as & bright circular ring and the picture of the terrain beneath the airoraft
ag a patitern of bright spots.

HEIGHT TURE DISFLAY

53s The sawtooth generstor in the waveform generator wnit also providss the
necessary deflecting voltages of the height tube scans Displayed cn the height tube
scan as sideways deflections or hlipa are also -

(1) the signal (to right)
(ii) the height merker (to left)
(iii) the range marker (to right)

S5hs  The signal and renge marker came in together fram the branch cutput of the
signal, range marker end course marker mixer stage. ‘The height merker scan is
timed fram the modulator multivibrator because what the height marker in effect does,
is to measure the time interval betwsen the trensmitter pulse and the first ground
echo to get back to the scanmers This of course canes from the neareat point on
the ground, which ia the point inmediately below the aircraft.

55 We have already ststed in pera. 16 above, that the timing of the radial scan
on the P.Pols tube i3 governed by the instant of serding out the tranamitter pulse
in the case of the 30 and 50 mile ranges. We therefore also time the range marker
chain of stages from the priming pulse generator, as we do the height marker siages.

56+ On the 10 mile renge when we want to record the slant renge less height
or increment, we change over the timing of the range marker generating circuits from
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the priming pulse to the height marker pulses This changeover ia shown on the
biosk schemstic dlagram as s 2-way, single pole changeover awitch. '

SUPPRESSION

57+ During the period of the transnitter pulse, it is necessary to render the
receiver insensitive. To. do this the priming pulse is teken fram the modulator
through the violet Pye plug to the receiver to be applied after suitable amplifying
o the soreen grids of the valves V1 and V3 in the receiver. It 1s spplied to these
aoreen grids es a negative pulse, and lowers their voltages sufficiently to render
the receiver insensitive.

COURSE MARRER

58. This is required to show on the sereen the line of £light or courss, and is -
opoerated by a cam on the magslip rotor closing & palir of contacts when the scarmer
mirror is faoing dead ehewd. This is possible because the magelip is geared directly
to the scanner driving shaft through a 1:1 gear. The leads from the course merker
cantacts o the scammer are taken through & 6ewsy cable to the waveform gensretor
ard from.this unit through pins 10 and 12, of -the plain W-plug, W.202, to the receiver
unitse 'Théd closing of the scammer contuct whilst it controls the brightening up of at
least one of the radial scans, doss not itself apply the brightening voltage to the
grid of the P.Fols. tubss The sequence of operatioms is glven in pars. 239.

59, This completes our general survey of the functions of the varicas units of
AeRe 105153,

AROTILARY BEQUIPMENT

ADs Mention must now be siads of an important plece of subsidiavy squipment which
comes under the title of Jucero. This piece of apparetus enables airoraf't fitted
with H25 equipment to telte advantage of certain ground and airborne installations
eperating on mach longer wavelengths.

6l. 'These sre homing bescons, beam approach bescons and Me.IIT I.F.Pe sets
fitted in friendly aircraft. Homing beacons are described in 8.D.0245, Chaptera 6,
10 mnd 11 M IIT I.¥.Fe 1s described in S.D.0250, Chapters 1, 3 and Le

62, ‘There are two types of Iumocero, Lucerc Mk.I and Lucero Mk.II, the differerce.
betwsen them being that Lucero Mk.I operates on 176 and 173%.5 megacycles, whils®
Lueero Mk.II is mede capable of receiving and tranamitting on & rumber of charxwls
in the range batween 214 and 23, Mo/s. ‘These chemnsls are used by Bureke besccns
dsnordbed in S5.D.033%8, Chapters 1, 4 and 5. The lucero equipment may be thought
of a8 & lbind of sonveriors

8%, To use the fecilities provided by ground bescons, it is necessary for the
airoraft to pond out & series of pulaes which are pleked up by the ground besoon and
refurned by 1ts ‘The beagon retwrns are coded so that ome beacon may e diatinguished
Prom anptheyr. Details of these codss are olroulated by the Commands. The funetion
of the Iuverc equipment is to generate the necessary signals and receive the coded
returns. The receiving side of Imcero however only incorporates ReFe snd mixer
stages and ons I.F stagee Purther amplification at I.P. is performed in the main
I+Fs recelver of the H2S equipment, and the subsequent dlasplay is presented on the
helght tube of the H2S indicator unit. The ocutput of the Iuocsro unit TR. 3190 whioch
sppears o the brown Fye plug on the unit is therefore taken straight to the receiver
Re 3515 drputs

Ghs  The Lucero unit itself is e feirly cospliceted plece of equipment and is.
doporibed in a separate document S.1.0292A. The following is s brief desoription
of how the Lucerc equipment works in conjunction with H2S equipments The Luvero
sguipment is timed from the H2S equipment, the timing pulse being cbtained from the
mefdulator. This pulse, which Is the 20 microsecond priming pulse srrives via the
violet lead from the modulator end is applied to the clrouit in Incero which dlvides
By 3 or *sounts down®, so that only every third pulse is useds

65, Teacon veturns.- The [ucero squipment employs two serdals one on either
#ids of the sirorsft, and owing to the difference in the strength of signals
indused in these according o the direction from which they are coming, it is
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poasible to estimate the direction of the beacom with reference to the course of

the alrorefte The diapley ussd is similar to that employed in previous marks of
AeSeVe and Aul. and is ss followa: The Inbervogating signal is sent out aliernately
fram en aerial on the port side of the aircraft, and an aerial on the starboard side.
This ia done by using & motor-driven switch to switeh the transmitter wutput
alternately to each gerial; oommon T and R is used so that the refurning echoes sre
received on the same aerials. Each serial remains comnected for about 0.025 second,
thus allowing for about four or five pulses at the “counted down® repetition
frequency of 220 or ao per seconds If the baacon is situated on the port side, the
stronger return comea in on the port aerisl than on the atarboard serial, and vice
wersas To compare the strength of the refturns of the two aerials, they are diaplayel
on elther side of the time base of the height tube. This is done by switching the
ontput in synehronise with the aerisl switch by operaiing a second pair of contacts
on the switch motors 'fhus, when the port aerial is connected, the receiver output
daflects the trasce to the lefi, whilast whan the starboard aerisl is comnected, the
deflection iz {0 the right.

66. To arrsnge this, the receiver output appesring at the grey Fye plug on the
receiver poen flrst to the waveform gsnerstor grey plug, thence through Chro In the
waveform gensrator and the red Pye plug back to the Lucero unit for "splitting",
and out of this unit through the yellow and orange output plugs to the indicator.

67+ Besm approach.~ When Imcero is used for bemm approech {or BABS) a different
techniqué 18 employeds Pull dstails of the Punctioning of bosm approach beacons is
given in 8.D.0245, Chapter 9. 3Briefly the system cen be described as follows. The
beam approach installstion employs & system of Yagl aerisls which are fitted on a
rigid fremework which is either fixed in the grourd or atiached to a wehicles Three
aerials are employed; ope for recelving the alrcreft sigmals and two for re-trans-
mitting them. The two frunsn. . .lng aeriala have their linss-ofwshoot inclined at
an sngle ot about 25 dege t¢ the direction of the receiving serial. Polar dlagrems
thus appesr as shown in fig. 6. The receiving serisl pioks up the lmwoero signal,
which after amplification, is used to trigger off the transmitter which ensrgises
the two inclined serials alternately. It is arrenged that the duretion of the
returns in the two tranamitting aerials are of different lengths of time, wviz. 0.2
and le2 secse For this reason the trensmitting asrisls ars known as the dot and
dash aerials respectively. Thus en airereft flying in the zome supplied by the dot
serial will receive a serdes of signals of 0.2, sec.duration with interwsls batween
them of 1.2 seconds. If it is in the dash wone, it will receive aignals of 1.2
seconds duration broken by intervals of 0.2 second,

68. Thesge signals mey appear on sither aide or both sides of the time base but
this hes no significsance. IYF in beam approsch is done entirely fram the grounds

69, In actual prastice, it #ill not be pessible to fly exclusively in either
the dot or dash zone, and normally a signal will be received oomaisting pertly of
dot signals of certain strength separsated by intervals of dash signals either
stronger or weakers The signals seen will thus eppear to move in and out in
amplitude. A long period out and a short period in,indicates that the aircreft iz
in the zsone where dagh signals are stromger than dot signels; whilst a short period
out and a long pericd in shows the aircraft to be in the dot zone. Typloal ratios
of amplitude of signals obtained where the aircraf't is in different positions is
shown in Fig.be

70. To understand how the dot and dash zones enable the mavigator of an sireraft
to locate the asrodroms runwey, it is necessary to sxamine closely what the polar
dlagrams really mesn. To do this fig.7 has been prepared. On this diagram there
appesar a maber of polér curves which give the loel of points at which a signal of
a certain given strength will be received from one of the tranamitting aerials.

The ourves ars theoretical tut are clossly related in shape to the sctual curves.
Arbitrary figures have bsen marked on the ourves which mey be taken as a measure of
field strength at all points on the ocurve. Thus at all points on the curve marked
10 the flield atrength will be 10 umits.

71. When we have drewn two families of poler diagrgms, one for each trans-
mitting seriel, we see that the points of intersection of each pair of curves in
which the same strength signal is cbtained from both serisls, all lie on & straight

iine. This line is known as the equi-signal path, sometimes sabbreviated to B.S.P.
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Thur, when the signals from the dot and dash aerials give responses of exaotiy
equal amplitude, the siroraft mist be at some point alomg the equi-signal path.

72. The beam approach asrisls are so placed that this equi-signal path
colncldes with the centre line of the airfield runway. If the asircraft is flying
tomerds the beam approsch beacon along the line of the runway, the signals will
move down the time base towards the zero end, as the range will be deareasing.
Thia i the nomal method of spproach. In order that the pilot may know when he
is over the approach end of the runwey, which is the opposite end to that at which
the beacon is situated, he must imow roughly what is the length of the runway. He
therafore uses his W/T set to cammnicate with the airfield, making a request to
use BABS and asking for the rurway length to be signalled %o him. It is probable
that certain delays will de introduced in bescon cirouits 4o snable a standerd
approach range to be given for all runways to avoid the nscessity for these snguiries
having to be made,

73« In actunl practice things are not quite so straightforwsrd ss the above
axplonation rnight lead one to expeot, because the asrisls produce side lobes in
24ditliom to the main lobe.

7he e Lucero equipment is brought into operation by means of a relay
energised by the 2i~volt D.C. supply. The supply to the relay cames vie ping 8
and § of the J2-way comneotor to Lucero, and is controlled by switoh 3151 on the
switch unite The actusl oircults mey be forlowed on the wiring diagram fig.8.

SWITCHING AND POWER SUFPLIES

75+ Power for the whale equipment ia supplied from the power unit, type 280.
This provides supplies at 80 volts A.C. plus 24 volts, D.C. plus 300 volts, DaC.
plus 1,800 volts, D.Cs minus 1,800 welts, D.0 minus 3,000 volts D.C. and mims
100 wolts, D0 The dnput to the power unit is obtained fras the control pansl,
type 5, or type 6, which sontrols the engine-driven gensrator. The sirereft 2i-volt
Duls supply is slso fed 4rir {hw power unit. These copnsctions mey be seen on the
disgram, fig. 8. The unit contains s mumber of relays which are used to enmure
that the H.Tw supplies cammot be switoched on before the sguipment has had time to
warm up. There is elso a protective cireuit which protects the supply in the event
of certain feqlts developing. The trensmitter MuTe supply is obtained from the
modilatar, type 64, and is the only swupply which is not directly provided fram
the power unit.

CONTROLS

6.  These moy be Yvided into two seotions -
{1} Those awaiisble to he navigator Por use during Flight.
{i1) "hose which osn be preset on the benoh.

The owea used by the nevigator are grouped togetlsr in the indicsting unit and in
the switeh unit, and these units are placed close together. This is done Yo enable
the pavigator to cbserve the display fubes whilsi cperauing the controls.

77> The main power supply to the equipment is switched on by the main switch on
the sontrol panel or on the navigator's table. Where two or more equipments are
useldl fron the semé conbrol pansl & peir of ganged switches is used for sach installe
ation to comtral (i) the D.Cs supply to the control panel snd (44) the A.C. supply
t the installatiocn.

78. A separate pair of switohes 1is used for ssch installation but the D.C. sides
of il the switches are comnected in parallel so that the slternator field is
exnited whichever installation is switched one It remains excited until a1l
innteliations are switched offs These switches are mounted on & board fixed to some
convenient part of the airframe, The leads to the switches must be soreened and
the soreening braidings must be bonded together and earthed. The order of switching
on ds given in pars.79 below under CFERATING INSTRUCTIONZ. To safeguard the
equipment from demege owlng %o incorrect operation, or dus to short cireuits or
other faults developing in any part of the equipment, an elaborate system of relays
nez been evolveds This s dealt with in paras. 136 ot seq.
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CPERATING INSTRUCTIONS
SWITCHING ON

79+ ¥hen switching on the equipment, the controls shauld be operated in the
following order -
(1) Switeh en the main master switch
(i1) Press the LT ON button; the green lamp should light.
(411) After approximately 30 seconds, press the HT (N button.

The amber lamp should light.

If it does not light sufficlent time has not elapsed and the HT ON button should be
pressed agein some seconds later. 45 seconds after the HT ON button has been pressed
the red lamp will light, and the transmitter will then automatically switch on.

(iv) 3et the scanner motor switch to the OFF position ready for
tuning the system.

SWITCHING 0¥
80. Switch off at the main A.R.1.5153 master switoh.
SETTING UP BY ™E OPERATOR

Bl. The position of controls can be seen on figs. 15 and 52.

(i) Set the range switch to position 1 and adjust the height tube
BRILLIANCE,

(11} Set the noise level (grass) to about one-third of full output by
means of the gain knob.

(i11) AdJust the crystal current control to give a meter reading of .25 -
0«3 mb, and turn the taning knob on the indiestor unit until the
signals are at a maximm. This should be tuned two or three times in
the first 15 minutes and subsequently abent every 30 mimutes during
f‘light.

(iv) Set the range switch to position 3.

(v) To set BRIGHTNESS, GAIN and GONTRAST controls (Bamber Comsand).

(a) Switch on the scanmer motor and set gain and contrast controls
Tully anti-clockwisze,

{b) Turn brightness control until a full dismeter trece is just
visible. Then turn it about three clicks anti-clockwise.

(e) Turn up the gain to required level (max. fer lemg range use)s

() Turn the contrast control clockwise until the grass is just
visible as a speckling of the tube (with the scarmer revolving).

() 4s the target is approached reduce gain, Contrast may be twrmed up
slightly if desired.

(Vi) Adjust the orientation of the P,P.I. map as follows:

(a) In Comstal Command sircraft, where no D.R. compess is available,
set the map so that the upward direction on the tube face is the
heading of the airereft. This is effected by asetting the track
dine from the perspex ascreen to zero, setting the switch on the
control unit to mamwl, and turning the setting knob until the
course marker lies under the track line.

(b) In Bomber Cammand eireraft, set the map so that the upward direction
is true north. The procedure is the seme except that the track line
is set to the bearing on which the airoraft is flying, as given by
DiRe canpass. 'The switch on the comtrol unit is finally returned to
auto.
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Refersnocs should . be made to A.P.123, for information on navigation of aireraft,
and corrections which have to be made for variation and daviation of compass

bearings.
USE A8 A HOMING DEVICE (BOMEER CCMMAND)

Straight and level

82, (i) Set the rangs switch to position 3. A sigral at spproximately 30 miles
will appear as & single thin arcs 044 echoes due to isoclated bulldings
may appear momentarily but these should be ignored. Only signals which
peraist say for 30 seconds should be relied ons This mule, is, of
sourse, not infallible.

(11) Determine the rengs of the required signal by setting the marker ring
en the signal and resding off the range an the O mile acsle.

(414) Tarn the perapex screen in front of the P.P,I. until the double arrow
track line lies avross the sigmal.

(iv) Read off the bearing at the bottum of the soale, This gives the treck
to make gool to the targete In the absence of drift this is the course
to give to the pilot. If the course set is corvect, the target should
move in to the centre of the F.P.1. along the track line.

{v) Set the marker ring so that it lies just inside the required signal.
This helps idantification of the rsgquired sigrals should the operator's
attantion be dlstrected.

(vi) When the signa) is spproximately cneethird way from the centre, put the
range switoh to position 2. ‘the sigral will move out to the edge of the
PoFale ut, as the marker will also move, it can be picked up again.

{vi1) {a) A5 som as the piloture has settled down and the signal is
1dentified, awitoh to position 1, and reset the marker.

(b) If required, the range iz read off on the 10 mile acale by use of
the pointer ganged to the height control.

(¢) On this rengs, it should be possible to determine whether the
target 48 a town or, for example, an airfield. At extreme ranges
all types of targets will give a asingle return as only the fropt
edge of a town can bs meens However, as the range dscreases, more
of the town will be seen and the echo will increase in depth. The
rough shape of the town can be made cut on this range and, if
necessary, & course correction made to take the alroraft over any
desired area of it.

(viii) When the target is about half way out from the sentre,set the pointer
to the release line corresponding to the ground speed by mowing the
wmarker knobs It is prefereble to set the puinter to the *30 seo."
(dotted line) as the marker ring will appear too olose to the "height
ring" when the other lines are used.

{ix) 30 seconds after the required area of the target crossss the marker
ring release the bomba.

Drift

83, If thers is a aside wind, the ecorrection must be made for drift. The
following procedure should be adopted after sub~pars. (iv) of pars.B2 above.

(1) 1 the wind is known, caloulate the required course. A rough
estimate of the drift is nomally sufficient and the corrected course
should be given to the pilote If the estimate was correot, the signal
will move in along the treck line,

{11} IP the signal Ardifts off to one side of the track line, the estimated
course was wrong. Give a course to bring the signal back om to the
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track line. When the signal is again on the track line, give the
pilot a new course, corrected from the originel ones. Repeat this
procedure until the signal does not deviate from the track line.

(i1i) Follow the procedure of subwparas (vi) to {ix) of para. 82 above.
Evasive action

84« The drill outlined sbove of keeping the marker ring Jjust inside the signal
may seem wmecessary while flying straight and level, but will be found very helpful
if evasive action is being taken, If the aireraft has to tuwrn off course, the
course marker will move round but the signal will not move, as the picture elwasys has
true north at the tops (This does not apply in Comstal Command aireraft when the
display is not locked to the DR compass). Should the signal disappear campletely
when viclent evasive action is being taken, it will reappear on levelling out at the
intersectlon of the track line and the marker rings There may of course be a slight
movement of the signal owing to the change in position of the alreraft relative to
the ground.

85. As the course marker alwaeys shows the course, the turn necessary to bring the
airoraft back to the correct course is seen at once.

B6. It will be noted that if the nose of the sireraft ia down, a bright area wil.
eppesr ahead, if up, astern. In a bank the bright ares appears to one side.

USE AS A NAVIGATION ATID (BOMESR CCOMMAND)

87. The equipment can be used as a fairly accurete method of determining track
&nd ground speed.

(i) Choose a steady echo with the rangs switch in either position 1 or
position 3 and nete its range and bearing. Take the time.

{ii} Plot the position on the calowlator.
(111) Repeat the sbove at intervals of 3 minutes.

(iv) Prom the caloulator determine the distance travelled and, knowing the
time, ealoulate the ground speed.

(v) To determine the track, line up the plotted points with the vertical
lines on the caleulator

The use of the beam spproach and beacon facilities provided by Iucero are described
in same detail in S5.D.0245, Chaps. 6, 9 and 11, and in AJP.1751 and its supplement,

USE FOR TARGET LOCATION OVER SEA (COASTAL COMMAND)

88. Bumery of cperstion.- Controls set on the ground, whioch may be re-set by
cperator if equlpment is faulty.

(1) Mixer current adjustment on Indicator, set to give maximum stebility.

(11} Mixer coupling sdjustment on Indicator, set to give G.5 mA ocurrent.
(™is may be betwsen 0.2 and 0.6 mi. before the equipment is considered
faulty, however).

(iii) PPI Focus on Indicator, set to foous noise ascintillations and trace.

' (iv) FPI Brightness on Indicator, set with minimum gein, ut contrast set to
give brighteat Markers, so that Markers are clearly visible but not -de-
focussed.

(v) FPI Contrest, on Indicator, set so that with gain set to give half
mexvimm noise on height tube and brightness set as= st (L), nolse
seintillutions are clearly visible on PPI, but not blurred.

{vi) Height Tube Brightness on Indicator, set for clear pioture.
(vii) Line of flight setting on H.C.Us set so thet mwer¥== lies vertical on PP~
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89. Controls used by operator during operations.

(1) Gain control, on Switch Unit, varied contimuously during search between
level to give bdright nolse scintillations on PPI and level at which sea
returns extend only to 1 « 2 miles, and kept as low as possible once a
contaot is obtained.

(i1} 10-mile zero Control on Switch Unit, used to keep a contact as near the
edge of the FPI as possible on the 10 m. range.

(1i1) Tuning Control on Indicator, cheaked every + hour or so and set to give
greatest sea return or echo box response.

(iv) Switches on Switch Unit, used as required. In general, the 30 me. range
is used for searching, except for convays and coast lins, for which the
50 me renge is better; while the 10 me iz used for homing.

BENCH SETTING UP FROCEDURE

AFPARATUS REQUIRED

90. (&) A complete set of units comprising the ART.5153 instelletions as listed
in pere. L0 et seqgs The scamner should be mounted on a4 tripod and othep
wise made suitable for bench working.

(b) The following items of test geari~

(1) signal censrator Type 47 (A.M.Refal08H/143) together with ita
ansocieted equipment, comprising Aerial System apd Mounting, Adaptor
and Conneotorss This is an R.F. Signal Gererator.

(2) signal Generator Type 52 (A.M.Ref.lOSBE/165) together with its
appropriate connectarss Thia is an IP Signal Gensrators

(3) Modulator Unit Type 67 (A«M.Ref.10DB/1032) together with its
sppropriate comectors. This unit 43 used with Signel Genermtor

Type 52.
{4} Monitor Type 28 (A«MoRef.107/500) together with its sppropriate

conneotors.
(5) Test Set Type 202 (A.M.Ref.10SB/6002) - a crystal comtrolled
calibrator for use with Mordtor 28,

(6) mest Set Type 85 (A.M.Refu108B/145) - a field strength meter comprising

thermocouple, meter and lead,

7) Testmeter Type D gA‘H‘Refolos/l%l{))

8) Testmeter Type H (AMuRef 105/45)

9) Detector Unit Typs 3 (A.M.Ref.105B/179), used to check local
cscillator output.

10) Insulation Resistance Tester Type A (A.M.Refe5G/1621) = Mepger

11} Electrostatic Voltmeter (A.M.Ref 108 12248} = Ow3, 5kV.

12} Termoccuple Voltmeter (A.MaRefsh2¥/200) = O=100V.

13) Milliammeter (AsMeRefsl0A/7207) O=Zma., fitted with one telephone
Jack plug (A.M.Ref.10H/488)

2&} Transformer Unit Type 74 smmmml 1@.{); w BOuZ30V transformer.

15 Reaiatzé.ma Unit Type 228 (A.M.Refol0C/1198)) - Dumny load to replece
the <R

(16) Rsaistaxgze Unit Type 230 (A.M.Ref.100/10986) « Dummy load to replace
the OV

(17) Resistance Unit Type 231 (A.M.Ref.10C/11987) = Dummy load to replace
the whole equipment in lining up the Control Panel.

Elsg Petrol Blectric Set with trolley (4.M.Refei2Y/800)

19) Testers, Generator, Bench Type (A.M.Ref.5G/2029), comprising AC and
IC Gensrators for appropriate aircraft snd Control Panel Type 5 or 6
for regulating AC cutputs

(20) Connector Set Type ART.5153 {A.M.Ref.10H/600L) Bench Test Conpectors.

NOTE:w Information on the final setting up of ART.5153 controls for Coastal
Command is given in Para. 127.
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LIST OPF FRINCIPAL CONTROLS

9.

92.

93.

e

95

96.

7.

Switeh Unit Type 207

3 'ON-OFF' press buttons:= 'L.T. OFF', 'L.T« ON', 'H.T. ON'
Incero Control Switah

Range and Marker Switoh
Scammar Notor Switch

Line of Plight Marker Switoh
Gain Control

10-mile Zero Control

J0emlle Zero Preset

RBange iarker Control

Height Marker Control

Height Zero Preset

Range Zero Preset

FPFT Radlel Adjustment (preset)
Dimmer Switch

Indicat Undt 162

PP Brightness Control

PPI Vertical Shift (preaet)

FPI Horlzontal Shift (preset)

FPI PFoous Control

PPL Contrast Control

Height Tube Brightness Comtrol
Haight Tube Vertical Shift (preset)
Helght Tube Poocus (preset)

Main Tuning Contral

Mixer Current Control

Mixer Coupling Adjusiment

Local Oscillator Cosrse Frequency Control (inside the unit)

Hevsform Generator Type 26
PPI Radial Adjusiment Preset

Regeiver Type gmz

Suppression Delay Preset

Trensuitter-Receiver Type THe 3190

CV43 (Soft Rhumbatron) Tuning Control
Coarse Tuning Control of the CV43 (internal)
Matching Stub for Aerial System {internal)

Mixer Coupling Adjustment {internal)
Control Unit Type 218

"Mamual-Auto' Jontrol
Line of Flight Setting Control

Modulator Type 6k

00-0fF Switoh
Resurrense frequency adjustment (internal)

TEST POINTS EXTERNAL TO THE UNITS

98,

99.

Power Unit Type 280

Main H.Ts Jacks +1800V and ~1800V D.C.
300V HeTe Juock
300V Pead Jack

Modulator Type 6l

Current Test Pye Plug
Voltage Test Pye Plug
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Tranamitter-Recsiver a THe 3191

Mixer Test Jack

101, Indicating Unit Type 162

Mixer Current Meter

SWITCHING~ON AND PRELIMINARY TEST

102.

(1)

(11)

(111)

Connect up the unlts as showmn in £ig.l49, using the special set of
bench connectors and disposing the longer leads behind the units to
leave the front panels as olear as poasible..

HOTR: =

A——

(a) Confusion of lead mumber 29 (12-way, vicolet) with lead mumber 28
{12-way, Blue) will damage the TER and Indicator Units.

{b) Confusion of the 12-way, orangs, and l2-way plein plugs on the
waveform gensrator will give normal displays, except that the soan
renge will remain at 30 miles for 21l positions of the range and
marker awltch, end there will be no bright-up on the FPPIL.

{e) The 18~way lead Prom the indisator unit to the Junctlon box
(mmber 23) is not interchangesble with any of the other 1Bewmy
leads.

(@) Hollows in the H.¥. plugs at each end of the high power comsctor
should be f£illed in by the use of aticky washers.

Power 1s supplied te the squipment from the workshop puowsr supply, which
will normally be obitained fros a motor gensretor aets The power
required ia 25 Ve D.C. 2t 5 amps., and between 75 and 80 Ve 4.0 at
1500-2500 eycles per secend. The A.C. supply must be regulated for
variations in spesd and Joad and 2 typs 5 or a type & control panel is
used for this purpose, ascording to the typs of the gererators availnble.

Put the modulator 'ON-OFF' switeh in the OFP position and switch o the
control panel, Press the L.T. ON button on the switeh units Check
that the green pilot lamp lights and thet blowsr mobtore atert. Walch
for sy indleations of over-heating and sparking.

The next step is Lo ges that the aupply voltages are corrsots Owing

to the fact that the waveloms of the genmerator cubtput varies widely
acooprding to the load comneoded, it is difficult tc ley down & haxd

and fast rule as to what voltege A.C. phonld be supplisd. AdjJustment
of supply is therefore msde so that w .orre.i rectifisd voliages are
obtained from the power unilt, slnoe these volbages are in fact the

ones wiich 1t is most nacessary to keep within specified limits.
Aovordingly Jack points are provided, and all tests can be made by means
of 8 0«5 mA. which can bs plugged in at warieus pointss In the Mark IX
aquipment the shunts are arranged so that s reading of 1 mi. is
obtained; exvept in the case of units having s prefix 'R to their
serial mmbera, in which case the 300V. fust polnt glves & reading of
03 mis The limits ave [ 10 per vent. IF the 300 Ve or «l00 V readings
in the power unit are outside these limita, the regulator in the
contrel pansl must be adjusted.

The adjusthent of coutrol panels varies ascording to the fype of
reguiator fitted, and it it ils availeble, A.P.1766 JA should be
consulted, as it gives partioulars of ail the various voltage
regulators type £ in service up to the time of publication. Relevant
information referring to the regulators used with the A.R.I.5153
equipnent is given below in ocase this publication is not aveileble.

When making adjustments first of all determine the type of regulator
in the control panels Thias is given on a name~plate on the end of the
regulator. Adjustment of the oarbon pile should alwsys be avolded if
possible, as it is unlikely to have varied from the previous settlog.
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The meter used for measurdng should be checked sgainat another if
availebls, ss meters do not retain thelr avcuracy indefindtely.

To avoid the necesslity for adjustments to the core, a mmber of
voltage regulators are now provided with a triomer resistance,
which is located an the base of the regulator between the terminal
block and the regulator. This gives & range of & 6 V. and shoeuld
nomally be suffficient to correat for any normal variations.

Certain yoltage repulators known sa type EU are fltted with a
stabilizing cirouit the objest of which is to prevent ‘hunting'.

The regulators which mey be met with are types El, E} and BUe They
have a "core' adjustment situated at the front end of the regulabor
ier€e the end nearest ths terminal block, and s compression serew at
the rear end.

If & type EU regulator is fitted special care must be taken to ensure
that the connections from the field of the altermator to ths two-way
terminal block on the regulator are correctly connected l.e. alternator
posibtive (white) to red on terminel block and alternator negative
{black) to green on terminal block.

The method of adjustment of these types if they have been correctly
set up by the makers is as follows:~

Adjust voltege gag Hy means of trimmer if Pitted,
b) If insufficient variation is provided by trimmer
adjuat core.
(&) I# no trimmer is fitted, adjust core.

DO ROT TOUCH COMPRESSION SCOREW
If a control panel shows a tendency to 'hunt' it should be replsced by

8 correctly set up panel. The prosedure for setting up & voltage
regulstor which 'hunbs' or will not regulate is given in A.P.1766 Jhe

(4v) After the squipment has wamrmed up press the "H.7. ON' button and

check thet the ember lamp lights. Check that the asriel system rotates
and that clockwise rotation of the FPI end Height Tube Brightness
controls will give a trace on both tubss. Check that L5 secs, after
preasing the 'H.T. ON' button the red pllot lamp lights end that a
small spark is visible in the CV85 in the Modulator. Measure that

D.C. supplies at the +i800V and ~1800V test points on the Power Unit
by means of the milliemmeter. If the readings obtained do not lie
within the limits 1 ma. % 10 per cent (or 1.9 and 2.1 ma. if the units
have & prefix 'R' to their serisl mmbers) adjust the Control Fanel
until they do.

(v) Mensure the forward resistance of the crystal by msans of an avometer

(v1)

(vit)

plugged into the jeck socket on the TR unite IFf this exceeds 200 obms
replace the crystal. Check that the mixer ourrent does not exceed

0s5 ma. If it does expceed 0.5 ma. attempt to reduce it by use of the
mixer conbtrol koob on the Indloator Unit. If this is unsucocsasful,
loosen the coupling at the Indioator until lesa than 0.5 ma. 1s obtained,.
Watoh for signs of over-heating or sparking and for viclent jitter

on the tubes (due to supply voltage oscilliation or insulation failure}.

If there are nc algns of diatress in the syuipment put the switoh on
the Modulator in the 'ON' position. Check that the main H.T. voltage
is still steady snd correst, and that brilliant sparking occurs in
the OVB5. Examine the Transmitter and R.F. system for rking end,
by means of & neon tube, that power is being radiated. (Do NOT leave
the Modulator switched on if sperking is taking place or if power ia
not cbeerved)s Tune the local oscillator for local eignels using the
height tube.

Check thet the Modulalor does not go out of synchronisation when the
renge and marker switch is shifted fairly quickly through the different
settings., If this does oocur, read ust the 'Recurrence frequency
adjustment' which s inside and at the rear of the Modulstor chassis.
Set this so that the audible note from the spark gap iz slipghtly
lower when the synchropising pulse from the Weveform Generator iz
removed by discornecting the cable fram the blue Pye Flug.



8.D.0296(1), CHAP.3
- 22 - 2nd Rdition

{viii) Check s an oversll functional test, that height tube and PPI now
show traces, nolse, suppression, bright-up, markers and local signals.
1f this is not so, looate the fault before prooeeding with the
adjustment of the controla.

(3x) To switch the equipment off, it is prefersble to out the 80 volt worke
supply, as this avolds leaving it open circuit.

ADJUSTMENT OF CONTROLS

103. (4) Switch the set on ut with the scammer motor end Modulator offe Set
the range and meriker switch %o 10:30.

Adjust the height tube brightness and foous to give a clear trace.

Turn the geln, conbrast and suppression preset fully anti-clockwise.
Turn the FFI brightoess olockwise wuntil the trace is Just visible.
AdJust the FPI foouss

(i) Turn PPI brightuess comtrol three ‘clicks' anti=clockwises Turn the
contrast control clockwizse until the brightered-up pert of the trace is
again jJust visible. Turn the PPI radial adjustment on the Switch Unit
fully anti-clockeise. Switch the scarmer motor on, and adjust the
FPI shift contrdla wntil the trace is rotating about the centre point
of the perspex screen.

(111) Turn the FPI redisl adjusiment on the Switch Unit fully cleockwise.
Adjust the PPl redisl preset on the Waveform Cemeretor wmtil the dark
hole at the centre of the tube is the same size for all positions of
the range and marker Switohs Now adjust the preset on the Switch Unit
undil the hole just ddgappesrse

(iv) Adjust the Sedn Combrol to give sbout 3L maximmm noise spplitude.
Torn eontroast contral snti~clockwise until this nolse just shows as
scintilistions on the FPI, Adjust the 10 and 30 mile Zerc controls,
with the range swltoh in the appropriste position in esach oamse, until
there ia & dark hole of about 1/8 ine dismeter at the ventre of the
FPL feeo Prom sointiliationss (This hole is osused by the receiver
suppression)s

(v) Now adjust the height tube vertical shift until the suppression 'flat’
is only Just visilble st the bottom of the tube.

(vi) (a) Adjust the Height Zero Preset by one of the following methods:-

Method 1. Switch ihe Modulator one Set the Monitor 26 time-base
switel to the 10 micrvesoond position. Cormect the test point
{Pye plug P) o the Hodulator to the Monitor Yeplates. Set the
Yeshift at 10 sdorosoounds and bring the leading edge of the
pulse om to the cenbre lime of the tube by weans of the time base
start cootrol.

Switch the Modulator off to prevent interference dne to pick up
in the lead. Now pubt the holght marker on the monitor by dise
conmeoting the lead from the yellow Pye plug on the Indicator amd
sormecting the lesad to the monitors Set the gein on the mondtor
to 220 end the Helght Control to 3000 £ts  Turn the Xeshift on the
mexdtor to 2.5 mieroseconds, but do MOT alter the time base start
control. Neow set the helght marker on the centre line bty means
of the Helght Zero Preset.

NOTE:= If the time base doss not reach the centre line of the tube with
the Xeshdft at 2.5 microsecomds, undo the grub sorew and move
the lnob with respect to the spindle until it doess This will
aot sffect the acouresy of the readings on the Xe-ahif't, as they
are purely relutives

¥ethod 2. Set up a Corner Reflector (THE drewing E100/9512 as an
Taformaticn Paaphlet WI/THE/31) at an acourately known distance
of between 2000 ft. and 5000 £4. ldentify the new echo eppearing
on the helght tube. Bot the Hedght Control to the kmown distance,
Bring the height marker cpposite the echo (partial cencellation
ooourrdng) by mesns of the Helght Zero Presets
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¥ethod 3. leave the Hel:hi Zero Preset in ite present positlon.
Adjust it later during e I{light test as followss=

Fly at a height of from 2000 £« to 5000 ft. Set the Helght

Control to the reeding given by the altimeter. Bring the helight
marker opposite the lesding edge of the ground returns bty means of the
Hedght Zero Fresetd.

(b) Adjust the jange Zerc Preset as followsie

S8et the range and marker switch to the 10:10 positiom. Set the
Hedght Control to 2000 £t. and the Range Condrel $o sero. Adjust
the Renge Zerc Freset so that the renge marker iz opposite whe
Helght marker; partial cenccllation coourring.

{vii) switch the Nodulator on snd turn the suppression preset until the
suppression Just removes the tranamitter pulse brese-thyoagh.
fune the local ozcillator for optismae sigrels on the helight tube.
Set the mizer current control knob so that the surrent ls maximm
and then turn it two clicks snti~-clockwise. Remowe the coupling
loop from the Indicator and cheok that 4t is in the same plave as
the dot am the ecollar. Replace the loop and set the coupling eo
that the plane of the loop is at 30 degrees to the horisonial:
this provides half mexhmm cogling. Check that the coupling probe
at the Trensmitter is pushed fully in and now adjust the plane of
the coupling loop in the Indicator sc that the cwrrent is between
+25 and +3 ma. there being no instability., (Instability, if
pregent, will show lteelf by & fluctuating mixer current meter
reeding or as intemmitient fluctuatioms in nolse level). Check
that, If the squipment is switched off, the mixer current will
settle dom to between .25 and 3 mae on switching on againe
Recheck the tuning and then reset the coupling loop 4o give 25
10 o3 ma. nixer current.

Set up the Test Set BS5 some 20 f4. fros the scamner which should
be pointing directly towsrds it. 2dJust the matching conitrol in
the Transmitter for maximm output powex am indicated by the fleld
strength meter.

Adjust the CV43 tuning control for maximum signals on the height
tubes Readjust the main tuning control, Indiecator coupling loop
end FPI brightness as required.

(viii) If the local signals are now weaker than usual try replacing the
crystal by a new one. If an improvement results reject the old
oryatel snd repeat the procedure in paragraph {(vii) above.

(ix) Adjust the Contrast Contral as followeie

Turn Gein exd Contrast fully antieclockwise. Adjust the Brightness
Control so that a full diemeter trace ls Just vielble and then
turn it anti-clockwise two clicks beyond the position where it

Just disappears. Turn the Gain up to about 3/4 maximm noise
amplitude on the helght tube. Now turn the Comtrast clockwise
until the neise just appears as faint scintilleticns on the FPI.

NOTE:=~ No adjustment should be mede to the Contrest during operatioms.
The pleture should be waried Ly means of the Cain Controle

{z) Run the squipment an the bench for ome hour and at the end of that
time recheck the readings at the various test points. The values
obtained should be within the following limitsi-

Mixer Carrent Ce2 = Oudy mare

Main H.® Juok 1 ma. = 10 per cent (or 1.9 to 2.1 ma.)
300Vs HoTe Jack 1 me. & 10 per cent (or «27 4o 35 ma. )
«100Ve Grid bias Jeck 1 me. = 10 per cent (or +9 to 1.1 ma.)
300V. Peed Jack 1.2 to 1.6 ma. (or 250 ma. approx)

Racheck all ocontrals
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INSTALLATION A¥D GROUND TESTING

104 Before installing the unite in en aireraft the carplete Setting Up
Procedure detailed in perw.90 et seg should be carried cut. 7The nstellation
Procedure given below is that t¢ he underteken when firet fitting an airoraft with
ARI,5153. The procedure gen be somewhat modified whan re-installing unita.

(1) Check that all cables sre fitted and that they are run correctly.
(11) Check snd colour code the cabling to the Control Panel.

(&) D.C. Input lesd. PFnsure that the ARY. 5153 Master switch controls
the 24¥. Duls muypply to the equipment oorreatly.

(b} DsC. Output lead to the £ield of the mlternator. If this leed

is ooupled correctly, a of 6 or 7 otms should be cbtained
when tesiting for contimaity. (Does not spply to Generator
Type UKX).

{e) A.C. Input lead from-the alternmtor. When tested for sontimdty
this lead should show practically no resistance. Colour code
the plug GHEEN.

(4) Colour code both ends of the 4.C. output cable BLACK, and of the
DvCe output cable, REDs (The other ends of these cables are
atteched to the Powsr Unit).

(141) Check all keyways and ses that the locking rings arve tight. It is
important that this should be done before testing the cables for
sontimiity.

(iv) Check that the colour coling of the vables is correct. Ocleur code
the 24V 1,0, plng on the Junotiom Box and the corresponding socket
on the osble from the Fesding Control Unit, EED. This is necessary
in order to avold confusion with the two-pin plug on the Waveform
Generetor.

(v} Cheok the continuity of all the subles with an avometer using the
1000 chms sosles Msgger the lomera of all cables to earth and chesk
thet the leskege is in all oases greater than 15 megohms. See that
the grub acrews in all Pye scokets are tightened up and that the
sogitets are seourg. Frequent trouble with Uniredio Cables has been
e to o dry Jodnt teiween the inner conductor and its terminating
alesve,

{vi) Imetal the sosnner using 5716 in. high tensile steel muts and balts
ensuring that the fixing lug wmarked *AFP* is towards the rear of the
airoraft. Bember Cwmand onlyi= Check thet the shelf on the mirrar
assenbly of the somnner i et owrrectly. Plg.67 gives details of the
scameyr and shelf settings in each fvpe of alroraft.

(vii) Instei the ARI.5153 units and comect up cabling by referense to the
appropriate Cable Conmeetor Scheduls for the siroraft and the Conneotor
I?Jia.gr&m (Fﬂige%}o

GROUND TESTING

105. (1) OContisot up the petrol electric set to the alroraft's Control Panel,
If no T2R e available conmect the Modulator to its dummy load.

It should be noted that Wellington XIY alroraft ecmplw & Control
Panel Type & fitted with Regulstor Typs X, while all other siroraft
use a Gontrol Parnel Typs 5 fitted with Regulator Type EU.

(11) owitoh on the Control Panel and press the 'L.T.ON' bubton on the
Switoh Unit.
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(1ii) Using & 0-5 milliamméter mested bo o Jack plug, messore the
supplies at the 300V s ¥ test polnte on the Power Unlts

The readings obteined should be within the Llimits i mas I LG per
cent {or +27 = +33 mas 8nd +F = el wa respectively). If neceggary
edjust the Combtrol Penel until the resdings lie within the sbove
limits. OCheck that blewer motors start and mafon for &y
inddoations of wverbeating or spariing.

(1v) Press the 'H.T. OH' Dubbon checking that the soevmer
is QFR, Whown the T.T. cirenit is armplete and the red lamp lighte
recheck the voltages at the test pointe. The & 1800 Va TG, test
points should oow give & weading of 1 ma. £ 10 per cont {op 19 -
2ol ma) on the mebep.

wokor switoh

(v) Cheok that the tine bases
that the controls funeilen o
cabling iz in ordar.

(vi) switoh on the scamner motor snd the 1is
thet the scammer revolves vessonably o wpproihantely
60 repame Check also that the lins of g

srkery are present op the tubes and
vautlye  Tale will snmuee dhat the

af Flizht markere Cheok

w**k{s:{* wpposre o the
FPI.when the scammer is peinting divectly shesd, and thet PPT tracs
rotates in the same dAirection as the sceimer.

(vii) (a) In Bomber Comend sirorsft Switch the DvRe Compass on sod cheolk
that movenent of the D.R. OOmpass ckuses correct movement of the
Adne of fMight merker on the PPL. Thils can be done by turning
the alrore s tore compendently by wesns of the Varistion
Setiing Correchnr.

NOTE:= If the Verdation Setting Correstor is uaed, the waristicn MUYT BB
RETURNED TO 18 ORIGINAL SETYING when the cheok has besn made,
To engure thet no wmisteke is mede the ao=aparation of an instrument
‘meohanio should be souphib. '

4n increase in the canpess resding should result in e oloslowize
rotation of the line of #£light marker, snd vice verss. T7 the ma iy
moves in the reverse dlreoiion o the corpass reading, the changing
over of two of the commwelding lesds Prom the TuR. Compass Junotion
box to the Heading OCentrol Unit will correct this. Cheok thet the
Lins af £light murker can be moved through 360 dsgrees by use of the
mamiad contral om the Heading Contrel Tnite

NOTH:- A seiisfactory test of the Heading Marker con anly be obteined
in a teat flight.

{vii) (b) In Coastel Comend aireraft Check that the switch on the Heading
Control Tnid s the "Uarmml' position. BY use of the
‘Setting' control adjust the position of the line of Flight
marker on the PPY until it corregponds to the pero drift line on
the perapex acreen with the bsaring set at seroe {i.8. the line
of flight marker peints to the top of the tube face).

(viii) Switch off the eoquipment, Inatall the T2R 4F it ls net already fitted.
Uge rubbar paoking washers to ensure that the RelFe commentor Prom the
T2R to the seamner Cits well with ns air 2858, but ensure at the same
time that the cuter comductors of the sable are still in contact.

(1x) Switoh on the squipment snd check thst gignals are reseived. Adjues
the crystal current as desoribed in pare. 103 (vii) and tune for
maximom sigrais.

NOTE:= The signal to noise ratioc cbiained on the ground will vary with
different local conditions and the satiafactory retic can only
be determined by sxperience,

(xi) switeh off the equipment, dlssomnect the Petrol Bleotric Set and
oconnact the Contral Panel o aircrafi's generators.
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MAINTENANCE SCHEDULE
DAILY INSPECTION

106. (i) Commect up the Petrol Electric Set to the aircraft's Control Pansl
and start up the driving motor. Switch on the Control Penel and
after sufficient time has been ailewed for it to warm up preas the
"LeT. ON' button on the Switch Unit. Check fhat the green pilot
lamp lights and thet blower motors start and watch for any indications
of over-heating or sparking.

(41) Using o O=5 milliammeter commected to & Jack plug measure the D.C.
supplies at the 300V. amd -100V. test points on the Power Unit. The
readings obtained should be within the limita 1 ma. X 10 per cent
{or +27 ~+33% ma. and +9 = 1.1 ma. respectively)s, If not the Regulator
in the Control Panel should be adjusted as in para. 102 (ii1) above.

{i11) ©Press the *H.T. ON' button and check that the smber lamp, and after
45 seponds, the red lamp, light. Check the main H.T« supply by
plugging the millismmeter into the teat points on the FPower Unit. 4
veading of 1 ma. % 10 per-cent (or 1.9 = 2,1 ma) should be obtained
at both the jack sookets, and the Control Punel adjusted if neceasary
Switeh Modulator on and off by means of the switch on its front panel
and cheok that the resdings show no signs of Jitter nor wvary beyond
the limits glven.

Switeh to emch position of the Range and serker Switch in tumm and
again check that no Jitter is pressnt in the augply. I? flostuation
does cocur in the supply voltage, adjust the Control Panel and if
unsugcessfiul, replase it. I any further trouble is experienced
rejest the undts for a major inspsotion.

{iv) Check 211 Pye plugs, ¥ plugs and sockets. Thia is best done by
shaeryations on the Indicetor Unit while un asaletent ls examining
the pluge, eto.

(v) Check focus and shift on Indicator Unit and edjust if necessary.
Cheok that Contrest, FPI Radial, Zero and Suppreasion sontrols are
correctly set and that operation of the lOwaile sero oontrol gives the
desired result.

If & fault osourd during this provedure and minor adjustments do not
give the desired result, reject the units for & major inspeotion.

(Vi) Switoh Seamer Motor and Line of Flight Merker 'ON'. Cheok that the
sosnner rotates smoothly and without undus nolse. Cheok that the lins
of Fiight Marker is vertical in Coastal Cemmand Adrereft and adjust if
necessery} leave the switch in the "Marowdl' position. In Bomber
Comand Alreraft check that the lime of flight marker can be moved
through 360 degrees by use of the 'Setting' control on the Heading
fontrol Unity veturn the marker to ite original position snd the switch
o TAuto's

(vii} Check that the cryatal ourrent is betwsen 0.25 and 03 mas If it is
not, adJust the erystal current ss cutiined in para. 103 (vii).

{viii) Swiich the Modulator on and check that sigpals are received, Tune the
ivoal oseillator for weximm signale and attempt to estimate the
sensitivity by means of looal signala or aireralt in the vielnity.

It poor sepsltivily is suspeoted try replacing the crystal by a knomn
good angs

Listen at the asydsl aystem for the sound of R.P« sparking.
{42} Cheslk that display and markers are sstisfactory on &3l ranges.

(%) dwiteh off the Hquipment and the Petral Eleotric Set and reconnect the
wntrol Panel %o the alreraft's gensrators.
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MAJOR TRSFECTION

107, This should take place each time the airersaft has a major mechanical and
electricel inspection, or in the event of persistent faults.
lﬁ_ﬁo m%ﬂurﬂ.i
(1) Femove all the units from the aircraft and check trays for security
of mounting and earthing.

{i1) Check the run of 81l cables; megger to earth. Inspect all plugs
and sockets for tightness of clemping rings and grub screws. Femove
1id of the Junction Fox and inspect for worm or frayed leads.

(431) Remove, overheul end replace blower motors.
Carry out the normal bench setting up procedure as outlined in
Chapter lLe

(iv) Re-instel units in aircraft as in Chapter 5.

(v) Inspect and overhaul the aireraft alternater and cebling to the
Contrel Panel.

{vi) Inspect the serisl system for rigidity and shel? settings {Bember
Conmand ).

(vii) Before cperstional use caryy out the Deily Inspection as ocutlined

in pare. 106 above.

MISCELLANEQUS SERVICING DATA

REMOVAL OF SPECIAL VALVES

109.

Removal of OV6L from the Transmitter Unit

{1}
(31)
(114)
(iv}

(v)

Remove filament leads carefully to avold bresking the glass seals.
Unscrew the collar holding the ocutput line to the (V8.
Unde the bolte holding the airduct to the frame of the Transmitter.

Undo the bolts holding the other side of the alrduct to the magnet
support (insert a long sorewdriver between the blower and its
SUPPTBESOL Je

Withdraw the CV6L, airduct and anti-corcpe plates (Note:=- The imner
of the output line is flexible).

In replacing 1t is advisable fo lsave the 3 bolts between the balves
of the sirduct loose until the bolts through the megnet support have
been located and at least partly tightened.

110. Removal of CVL5 fram the Transmitier Unit

(1)
(i)
(441)

(iv)

{v)

(vi)
(vid)
111,

Remove the tuning plunger through the front panel.
Disacnnect the =100V, D.C. bupply.

Free the mixer chatber, l.e. loosen the two clamping rings on the
input line to the mixer and withdraw the input line through the front
panel.

Unséréw the collar on the line from the T-junction to the CV43 imput.
Unde the four screws in the vertical plate supporting the CViJ.
Disconneot the Pye plug commection between the mixer and first IF atage.
Withdraw the OV4L35, support plate and mixer pest the blower motor.

Removal of (V67 from the Indicator

(1)
(i1)

Remove valve base and disconnect the reflector supply.
Undo the three sorews olamping the cutput line to the front panel.
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HAJOR TNSPECTION

1¢7. This should take plsce each time iie sireraft has & major mechanieal and
electrical inspection, or in the event of persistent faults.
108. Proosdure.
(1) Remove all the units from the aircraft and check trays for security
of mounting end earthing.

(i1} Check tbe run of all osbles; megger to earth. Inspect all plugs
and sockeds for tightness of clamping ringa and grub screws. Remove
1id of the Junction Box and inspesct for worn or frayed leads.

{1ii1) Remove, overhsul and replace blower motors.
Carry out the nommal bench setting up procedure as outlined in
Chapter s

(iv) Re-instel units in airoraft as in Chapter 5.

(v) Inspect and overbaul the aircraf't altermator and cabling to the
Control Panel.

(vi) Inspect the serial system for rigidity and shelf settings (Bamber
Command J.

{vii} Before operational use carry out the Defily Inspection as outlined

in pars, 106 sboves

MIRCELLANEQUS SERVICING DATA

REMOVAL OF SPECIAL VALVES

309,

Removal of V6l froan the Transmitter Unit

(1)
(11)
(1id)

(iv)

(v)

110.

Remove Pllement leads carefully to avold bresking the glass seals.
Unscrew the collar holding the ocutput line to the CVOi.
Undo the bolts holding the airduct to the frame of the Tranasmitter.

Undo the bolis holding the other side of the airduct to the magnet
support (insert a long screwdriver between the blower and its
BUDPreascr s

withdraw the V64, sirduct and anti-corons plates {Note:« The inner
of the ouwtput line iz flexible).

Tn replacing it is advisable to leave the 3 bolts between the halves
of the airduct loose until the bolts through the magnet support have
been located and at lesst partly tightened.

Removsl of CV43 fron the Trenumitter Unit

(1)
(11)
(134)

(4v)

(v)

{vi)
(vit)
111,

Remove the tuning plunger ‘through the front panel.
Discormect the -100V. D.C. supply.

Free the mixer chamber, i.e. loosen the two clamping rings on the
input line to the mixer and withdraw the input line through the fromt
]}&nela ‘

tnserew the collar on the line from the T-junction to the CVL3 imput.
Tndo the four screws in the vertical plate supporting the CVL3.
Disconnect the Pye plug connection between the mixer and first IF stage.
Withdraw the CVL3, support plate and mixer pust the blower motor.

Removal of CV67 from the Indicator

(1)
(i1)

Remove valve base and dilsconnect the reflector supply.
Undo the three sorews clamping the output line to the frant pansl.
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Withdrew the output line through the front penel.
Loosen elamp across the normal tuning plunger.

Force baok the deiving part of the olutch in the tuning drive
against its spring and vemovs the CVE7 and the driven part of the
clutch from the units

SCANNING UNITS TYFE 3 AND 51: MAINTENARCE NOTES
112, Qeneral

If at any time the running speed of the scamer {60 r.p.m) is found to
have changsd, adjustment cen be mede by rotating the brushes of the driving motor.
This is done hy:-

(1)
(41)

Removing the cirelip and cover from the upper end of the motor
and band covering the brushes, and

Slackening the clamping screws of the brush osrrier, accsssible
through the holes in the cooling fan,

NOTE:~ The brash carrisr must be held in position until the scanmer

has stopped, and then the clemping sorsws should be re-tightensd
and the oover and bend repleced. The gears are designed to rmun
dry except for the oildag treatment dezoribed delow. WO CRDINARY
OIL OR CRBASE should be epplied to them

113(a) Routine Maintenance {Bvery 120 hours)

(1

(1)

Grease main bearing throwgh grease nipple nsar top of main ocasting,
using anti~freszing grease {DIM.1430).

Remowe the ssall sorews adjacent to the bearings & the main drive
gear train and £111 the oll holes with enti-freesing oil (DIDeklD).

113({b) Rountins ¥eintensnce (Bvary 240 hours)

(1)

(11}

{111)

(iv)

Remove the scammer from the sireralt, dlsmentle and examine thoroughly-
Clean 81l paris and re-assembls, replecing sny parts which aye
seriously worn.

Peint all fthe weeth of all nonsmetallie geare with olldag.

Examine the motor brushes snd replece 1 worn to 1/h ine or less.
Thorcugiily olean the motor comutator with 8 olean soft cloth slightly
motatened with petrol.

Hxsmine also the megslip Drushes and repiose .f less than 7732 ine
long when messured frow the shoulder which locates the springs

(lean the alx megelip slip rings with a soft cloth slightly molstened
with petral. Do neb, under any elroumstances, use an ebrasive for
eloaning the slip ringss Replece the slip ring brushes when worn to
leas than 174 in.

Il Dissentiing and Assembly Instructions

{1

(14)

To remove Reflector. Remove serial and detsch serial feeder from
refieqtor bsse casting. Undo the thres nuts on ihe studs holding
reflector chsting to sdaptor plate. The reflector can then be drawn
clang,

To remove asrial feeder. Remove serisl and dstach the aerial feeder
from the reflestor base casting. Remove top cover casting ccmplete
with fized member of capecity sleeve taking cars not to lose or damsge
the shinm between the top cover snd main castinge 'The fixed member cen
then be withdrewn from the top sover after slackening the clamping
bolts To remove the rotating member, remove collet nut from the end
of the shaft and remove collet jaws. The feeder can then be wlthdrewn
dmnwaris.
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#hen re-assembling proceed in the reverse order except for the
Pollowing points. In replacing the rotating feeder, insert fesder
through the shaft and Pasten lower end to the reflector base casting.
Then replace collet Jaws and replace and tighten ccllet nute Peplace
the fixed member of capacity Jjoint in the top cover, pushing it up

us far as is possible, but leaving the clamping bolt slacks Replace
cover on main cesting without the shim, push fixed mewber down into
contact with the rotating member and tighten the clamping bolt. Remove
top cover again, replace shim and replace top cover finally.

(4i1) 7To remove uin motor. Disconnect breegze plug on side of motor and
Uinio PAxing morews. 'The motor can now be lifted clear, but care must
be taken not to lose the centre piece of the (Oldham coupling. In
replacing the motor cere must be taken to see that the Cldham coupling
is properly engaged before the fixing screws are tightened.

(iv) To remove main shaft. Remove reflector and serisl feeder. Tndo the
miLe o1 Whe studs nolding the adaptor plate to the main shaft and
remove the adaptor plate. Remove bottom cover of meain casting. Undo

“ring nut st the top of shaft, and mark the teeth of the magslip geer
and the main gear aoc that they can be remeshed in the seme relstionship
on assembly. The main shaft cen now be withdrawn dowrmwards.

(v) To_remove $$15.£' Remove reflector adaptor plate and bottam covers
Remove mnagsiip ving gear, marking the teeth s described above and
remove gear on magslip body. Remove terminael cover and disconnect
wiring, noting to which termina} each wire is comected, and remove
mrealdr cover. @nove the serews holding the outer race of the upper
bearing to the mpin casting. The unit can now be withdrawn upwarde
{care must be taken not to lose or damsge ary shims between the outer
race of the upper bearing and the main casting). iWhen re-fitting it
is important o see that all shims are replaced; but if any new
parts have been fitted, it mey be necessary to alter these so as to
take all play out of the bearings, whilst ensuring that no permanent
load is placed on the bearing.

Fo timing is needed between the magslip body and the campass repeater
motor or between the magslip rotor and the mainshaft, but it is
necessary to ensure that the blade brushes meke contact with the
contact segment when the timing mark on the bottom cover is in 1ine
with the timing merk on the main shaft with the reflector facing
forward, and that they break contact with the reflsotor facing aft.

(vi) To dismentle the megslip. After removing the unit fram the scanner,
wndo the acrews holding the ring retaining the outer race of the
lower bearing to the irmer race, taking care not to lose ary of the
5l balis in bearing. Remove the slip ring brushes and brush holder.
Discormect the wires Jjoining the slip rings to the magslip terminals;
undo the sorews holding the alip ring pot to the inner race of the
upper bearing; remove the slip ring pot snd remove cuter race of the
upper bearing. Again take care not to lose any of the 54 ballss Undo
the screws holding the two inner races together and remove inner race
of upper bearing. Remove locating screw from inner race of lower
bearing and remove the race.

In reassembly proceed in the opposite order, taking care of the
following points. The clemping screw of the immer race of the lower
bearing must engage a space between two of the teeth cut in the
driving end cover of the magslip. In reassembling the bearings, fix
balls to inner race with libersl coating of anti-freezing grease
DTD.143C, wiping off any surplus after the ocuter races are refitted,
and meking sure that all 5 balls have been replaced in each case.

WELLINGTON XII = ELECTRIC POWER SUFPLIES AND THEIR ADJUSTMENTS
115, The power supply comprlses three generators:
Type UKX - Diriven by Port Engine.

This gives 1200 volt-amps at BOVe A«C., and &0 amps 23Ve D.C.
A type W Suppressor is fitted.
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Type KX < Driven by Sterboerd Engine.
& DiC. Gensrator giving 60 smp.at 29V D.C.

Type XZ = Driven by Starboard Engins, and used for the searchlight
AdDeCo Gensrator giving 7 ampe at 100Ve D.C.

116, e A.0. ARYI.5153 is supplied by the UKK generator - See Flgures 61 to 63.
The D.C. is taken from the general airersft D.C. wupply which is mefntained By the
KX gensrator and the D.C. part of the UEX generator rumiing in parsllel.

117. '™e valtage regulators and cut oois ave situated on the main dlstiribution
panel, on the atarboard side of the elrerafi, opposite the wireless operator's

compartment.
D.Cs Con

118, This is effected (om each gensrator) by iwo oarbom piles; ome of which
regalates the voltege and the other limlts the outpub current. Thelr mods of
operation is as follows:=

(1) Moltage Contral
The activating coil of an electro-msgnet is conneoted ecross the
generator output. Veriations of current through the coil (caused by
variation in voltege from the gemsretor) caunse relsxation or
compression of & cosbon plis, which ip in series with the {ield
winding of the geverstor. Thms, an inorease in voliege osuses the
earbon pile to relax. 'The resistance is therehy incressed so that the
current through the field winding diminishes and the output voltage
falls. In the oase of decrease in voltage, the opposite effect takes

plmm

The carbon pily .. cisciowedsgned sssocinted with this action, are
gerwrally refaverl 4. as the 'volfage plle‘s

{11) Current Comirol
The purpose of this is Lo limit the totel ocutput current to scme pre~
deterained value {the uomml walus is 10 per cent) In exsess of the
total surrent required. This limitation is brought sbout by
gmcttng the astivating coll of an eleotro-magnet in series with the

When the curveni resches its pre-detwruloed value, the pull of the
elestrommagnet causes relasation of the carbon pile and reduction of
the ourrent therogh the £ield wio.dug of the gemsrator.

This srrangement is referrsd to sz the ‘current pils'.

119. Plgure 63 shows the method of connsobting two regulated D.C. generators in
parallel. Such a syatem will enly fumotion propsrily provided that the gensrators
are balanced -~ i.e. regulated to give the same voitage.

120, If they are not balanoed, the generstor glving the higher voltage discharges
through the other and opens its out=out. The opened cubrout is then olosed by its
own generstor &nd the prooess is repeated. The practionl result of this is that
the sut-out ‘chatters'.

N.DB« This is the most probeble causs of instability in the B0OV. A.C.
supply to the ART.5153 equipment.

A.Ce Control ~ Hes Figurs 62

123+ 4n iron cored choke, on which is wound & second colil whioh oan ba supplied
with D.C. i8 corneoted scrpss the ocutput terminals of the A.C. gemerator. The
impedance of the choke depends cm the value of the curvent flowlng through the D.C.
coil: for sxample, if the current flowing through the D.C. coil is sufficient to
saturate the iron oors of the choke, the choke prasents & low impedance to the
gensrator; or on the other hend, if there is no ouxrrent flowing through the D.C.
eoll, the impedancs of the choke to the generator is maxbmmm.

122. fThe ourrent flowing through the D.C. coll is controlied by means of a

oarbom pile conneoted in one limb of & resistance bridge. The regulation is
effected as follows:~
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123, Suppose the A.C. voltage from the generator increases; an increass in
ocurrent osours through the electro-magnet winding; the carbon pile relaxes and
its resistance inoreases. There is an increase in current through the D.C. coil;
the impedance of the choke deoreases and the voltage output across AB is restored
to its fomer value.

124 The reverse effect would teke place if the voltsge developed across the
terminals of the A.C. gensrator dscreased.

125. The arrangement of the rectifiers in the bridge olrouit is such that the
ourrent through the D.C. ooil remains uni-direstional even if onn of the resistances
(3 obms, 19 ohme, 19 chma} of the resistance bridge goss open circuit. Thus,
provided the carbon pile unit remains intact some measure of regulation is atill
operative.

Setting Up Procedure and Adjustmente

126. (i) Balanoing of D.C. Generetors
This is the responsibility of the Station Eleotricel Officers The

apparatus necessary for the operation consists of a UKX generator
(for use with the type J regulator) and the KX generator (for use
with the type P2 regulator).

The procedurs is as followsie

The D.C. regulator is conmected to the D.C. output terminals of the
approprisate gensretor and run up, on open circuit, for tweniy minutes
A voltmeter commmeted across the output (G+, G~) will probably show
& #light decresus over this period. The generator is now switched
off and then on again = this ensurea that the value of the magnetic
indueation of the iron core of the elestro-magnet is given by a
point on the lower curve of a hysteresis loops. (It is at such &
point that it will be working).

The voltage should now be set to 2% volts. In the case of the F type
voltage regulator the voltage is set by sdjusting the core of the
voltage plle. Yn the case of the J typs voltage regulator the
sdjustment is sffected by means of s separate rheostat which is in
series with the eleotro-magnet coill of the voltage plle.

In the event of & regulator showing inatability, the setting of the
back stop of the valiage pile should be checked. The standard setting
is obtained by screwing in the baok stop until the pile 1s fully
ocanpressed (the front stop being set flush) and then unscrewing thres
quarters of a tum, (nly slight varistion from this setting sheld
be necessary; if this is not the oase, the carbon pile (48 disos)
should be examined to ses if any of the diescs are damaged or jamming.

NOTB:~ If the regulators are tasted by using the asroplane generators and
ruming the engins, they should be tested with the ACCUMULATORS
DISCONNECTED. For, if they will regulate without the steadying
influsnse of the accumulators, they will certainly regulate with
this influence.

(1) Setting of A.C.
For thim purposs a UEX gemsrator - with the D.C. output controlled

by a type J regulator - mst be wired so that its DuC. and A.C.
catputs omn be plugged in to the Conircl Panel Type § « See Mlgure 62.

A voltmeter of the rectifier type, which has previocusly been
oalibreated against an socourats thermal voltmeter, should be plugged
in to the top left hand /4 pin plug of the V.C.P. and the voltage
determined undsr a load, Adjustment to 80V. is effected by means
of the trimmer resistance which ia in series with the ballast
resiator and elsutro-magnet winding of the carbon pile element;

1 the oontrol for this is situated betwsen the terminal block and
the magnet pot of the oarbon pile element. It should be noted that
the ultimate criterion for the A.C. voltage setting is that the D.C.
voltages (1800V, 300V, 100V) of the Power Unit sre correct.
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It is claimed that no further regulation is necessary and that there
will be no tendency for the BOV. supply to Jitter (provided, of course,
that the D.C. has been properly regulated and that the bridge circuit
DvCs and A.Ce colls are in good condition)s If, however, jlttering
does occur it can be overcame by slight adjustment of the compression
sorew {i.es the back-stop) of the carbon pile. 2 It should be noted
that increased campression of the carbon pile does not necessarily
produce an increase in voltege (as it does in the case of the Control
Fansl Type 5); it depends on whether the original setting of the
compression of the pile is such that increased compression takes the
bridge further away from a balance or nearer to a balance. vhen the
Jittering has been over-come, the voltage is brought back to 80OV. by
means of the rheostat. Finally, compress the apider spring between the
first two fingers and thund and make sure that the carbon pile is not
too tight to regulate.

1 In the firat few models, there is no such adjustment and the core
adjustment (front} must be useds

2 In later models this will be locked in position.

Additional Wote

It is highly important that the polarity of the D.C. input be as
follows:~ Pin 1 negative. Fin 2 positive. If this is not the case the
V.CuPs will not regulate.

If a new V.C.P. will not regulate when the input polarity is correct,
it is probable that the polarity has been reversed in the internal
wiring. Check this by finding out if the junction of the two 19 clm
resistors is connested to Pin 1; 4if it is comected to Pin 2, reverse
the leads from the suppressor to the bridge.

SUMMARY OF SEITING OF CONTROLS ON ARI 5153

Controls not used on Squadroms

127. (1)
(1)

I.Fe Tuning in T2R and Receiver.
Marksyr Timing in Receiver Timing Unit.

Controls used by Maintenance Personnel only

128, (4)
(1)

{i11)

Suppresaion deley on Receiver; set fully anti-clockwise.

FPI Radial on wave-form Generator; set, with gein fully anti-
clockwise, so that the brighten~up leaves about 1/16" dark hole in
the centre of the FPI on the 10m. range. This contral interacts with

(vii).

Recurrence Frequensy in Modulator; set teo give free freguency Just
lower than locked frequency. i.e. red dot on control opposite spring.

iv) Mixer coupling on T2R; set right 'in'., It should be checked that
(iv) pling

(v)
(vi)

thiz does not entail loss of sensitivity (using Sig. gen.i47 om bench).
If so, set as far as possible in without losing sensitivity.

OV 43 funing on T2R; set on signals or schowbox response for maximum.

GV 64 Hatohing Slug in T2R; set so that Prequency change is less than
4 Mfe for t 3% movement, with minimum loss of power. Procedure as followsi-

(a) Determine renge of slug movement for which power is not more than
15% down on max.

(b) Set slug 3" inside end of this range further from CVél.
(0) Tune CUL3 and CU67.

(d) Move slug 4" either way and see whether echoes on indicator drop
75%. If not, slug is set satisfactorily.

(e; 1If not, move slug 5" nearer CUSL and tune CV43 and CV67 and
try egain, ete. until position where echoes do not drop is found.
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vii) FPPY madisl on Switch Unity set &s (ii] on 30m. renge.
J

(viii) BRenge Zero on Switch Uniij set sc that when Range Dial ie set
to zero, the renge merker just touches the trigger pulee. This
is visible when the suppression is removed by setting it bebween
two olicks with the modulator switched off.

(ix) Height Zero on Switch Unit; set in Mk.IIIB so that the range and
height markers coincide at 1 m. and 6000' respsoctively.

(x) 30 mile zero on Switch Unit; set =o that the suppression gives
about §" dia. dark hole in the centre of the FPI when noise
scintillations illuminate the rest of ibe

(xl) FPI shifts on Switch Unit, set to eentrolize picture.

(xil) Height Tube ahift; used to bring the suppression £lat to the
bottam of the tube when the zerc controls are correctly set.

(xdii) Teps on CRT input trensfommers, set to give circular scan, 11 = 12
amge socording to FPI tube in use.

{xiv) 7Tape on cethode resistance of second stage in PPT input
amplifier in indicator; set to maximum with present type of 1.

DETATIAD DESCRIPTION OF UNITS

129. In the earlier sections of this dommment we have desoribed the purpose
of the H2S equipment and given a general description of the functioning of' the
various units which go to mske up the equipment, In the following section we
ghall consider each unit in detail and show how the verious functions perfommed
by it are produced.

THE POWER UNIY

130. To study the sction of the power unit the disgrem given in figs. 8 and
10 should be useds ¥Fig.8 is an interconmection wiring disgrem which shows the .
complete ciroult associated with the power units It will be seen that the
tuttons for operating the switching sequenve are situated in the switch unit
type 207. ‘The loocation of compouents and controla mey be seen in figs. 11, 12
and 150

13l. The equipment in the power unit is concerned with the sonveraion of
the BO~volt A+C. input to the verious .D.C. output voltages requireds These
are a3 followsi= :

(1) e300v.
(41) +1800V.
{141) <1Boov.
{iv) =1000V.
{v) «100%.

132, ‘The meana by which these supplies are cbtained can be seen by
referring to £ig.10. The transformer T303 which is commected to the BO-volt
‘supply when relay B operates, furnishes through the full wave rectifying valve
Vg, the +300V supply and also through W3p3, the negative 100-volt supply.
Thes~ suppiies therefore came on when the L.Te ON button is pressed to energise:
relay B«

133. .The mmoothing cireuit consists of a "choke first® arrengement
emplaying CH302 and O302. ‘This arrangement minimises the pesk load on the
rectifying valve during the condenser charging period which would otherwise be
very great., Adequate smoothing is cbtained because the fregquenay (1000~2000
c/g is feirly highs Further tappings on the secondary winding of Tzp3 supply
the rectifiers Wiop and Wigze These are arranged to furnish the negative 100V,
bias supplys The voltage of the 300V. supply is measured by inserting a
millismmeter in the jaok J3q, which is itself comnected across part of the
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(vii) PPI Rediel on Switch Unit;-set as (i) on 30m. range.
J

(viii) Range Zerc on Switch Unif; set so that when Range Diel is set
to gerp, the rangs marker just touches the frigger pulese. This
is visible when the suppression is removed by sebtting it hetween
two oclicka with the wmodulator switched offs

(ix) Height Zero on Switch Unit; set in Mk.IIIB so that the renge end
height merkers coincide at 1 m. and 6000' respectively.

(z) 30 mile zero on Switch Unit; set mo that the guppression gives
about §" dise. dark hole in the centre of the PPI when noise
scintillations illuminete the reat of ite

(xl) TFPI shifts on Switoh Unit, set to centralize picbure.

(xii) Height Tube shift; used tu bring the suppression flat to the
‘bottom of the tube when the zero comirols are correctly set.

(xiii) 7Teps on CRT input trensfommers, set to give circular scan, 11 = 12
' amse Booording to FPI tube in use.

(xdiv) Tape on cethode resistance of second stage in PP input
amplifier in indicator; set to mawims with present $ype of IPl.

DETATIED IESCRIPTION OF UNITS

129, Tn the earlier sections of this document we have desoribed the purposs
of the H28 equipment and given a general dsscripiion of the functioning of the
various units which go to mske up the egquipment: In the following seotion we
shall consider each unit in detail and show how the verious funmctitns perfommed
by it are produced.

THE POWER UNIL

130. To study the sction of the power unit the diagram given in figs. G and
10 should be useds Fig.8 is an intercommection wiring dlsgram which shows the .
canplets cirouit assosciated with the power unit, It will be seen that the
tuttons for operating the switching sequence are situmted in the switch unit
type 207. ‘The loocation of compoments and controls may be seen in figs. 11, 12
and 13. .

13l. The equipment in the power unit 1s concerned with the sonversion of
the BO-volt A.Ce imput to the various.D.0s output voltages requireds These
are &3 followsi~ =~ .

(1) <300V,
(1L) +1BOOV.
{144) «1BoOV.
{i¥) =1000V.
{v) «100V.

132, ‘The means by which these supplies sre obtained can be aseen by
referring to figelO. ‘The transformer T303 which is cormected to the BO=voli
supply when relay B operates, furnishes through the full wave rectifying valve
Vig), the +300V supply end also through Wip3, the negative 100-volt supply.
'}!tlal:; supplies therefore come. on when the L.T. ON button is pressed to energise
re Be ’

133, The smoothing circuit consiate of a "choke first" arrengement
employing CH3)2 and 0302. This arrangement minimises the peak load on the
rectifying valve during the condenser charging period which would otherwise be
very great. Adequate smoothing is obtained becmuse the freguency (1000-2000
c/g is feirly highe FPurther teppings on the secondary winding of Tzg3z supply
the rectifiers Winp and Wigze These are arrenged to furnish the negative 100V,
bies supply. The voltage of the 300V. supply is measured by inserting &
rilliemmeter in the Jack Jig, which is itself connected across part of the
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potentioneter fommed by .1-‘231 and Ryjge The values of Rayg end Rijg sre chosen

80 that a reading of 1 mil is obtained when the supply is 300V. The tolerance
permitted is % 105 Sindlarly the resistances R316 end Ry17 formm & potentiometer
by which the «100V. supply can be checked by insérbing the millismmeter into J 30%e
Again a reading of 1 milliamp. * 105 should be obbtained. The total current
supplied by VE can be measured by inserting & milliammeter in JI30pe Por this
reeding, the resistances R337 and Ry give & multiplying ratio of about 220:1,

g0 that if the correct feed current o about 250 mi. i3 being supplied the reading
on the millissmeter should be approuimetely l.1 to l.2.

13he The +1800V. and =1800V. and <1000V, supplies are all obtained from the
transformer Tsh5. This transformer is energised when the "L, ON' button is pressed
to cperate relay Cu  .& supplies the four walves Viooe Viols Vige end Vips which
are arranged in a bridge ciroulte Vipo &nd Vigp are arrénged to supply -1800V.
through choke CH.3o) and Vig) and Vig3 supply +1800Va through the choke G. 300+
The potentiometer R33), Rijg, R338, R333 divides off thé -1000V. supply and two
other potenticmeter chains feed the jacks Jso) and J3pp by which the positive and
negative voltages mey be measureds The serles resis e§ are chogsen to give a
reading of 1 mi. when the voltage iz 1800 in both cases.

135 The Hodulator operstes when the 300V supply is switched through to it
by the closing of contacta cpersted by relay E. The cperation of relays D, Eand P
is given in full in pare. 139 et=g. belows

136. Switchineg on saguencas« An has been stated above, the switohing on
sequence is performed by mesns of relays. These relays are situated in the power
unite In the diagram, the relay operating ooll is shown as & square with a letter
giving the reference of the relsy and s number which is the mmber of contacts
cperated by the relays Shen the maln switch, which may be at the navigstor's table
or on the veltage control panel, or on a block grouped with other switches, is
switched on, 80V. A.C. i epplied to the two-pin black W plug WeZ2(lhs The rectifier
¥ 300 immediately furnishes the necessary ourrent to cpermte pelay As Relay A
contact 5/6 closes and prepares the following cireuits: '

We 204 two pin red mﬁi;ﬁnto relay comtast A 5/6 pin 3 of 18epin plug
to Junction box type 83, pin 6, w.201, closed eontscts of L.T OFF
tatton, the green signel Tamp 8L.150; to L.7T. ON contact.

137+ When the L. T»ON button is pressed, this oireuit is completed through pin
2 of %1599, the operating coll of relay B to 24V. posidiye. Efglay B now operates
and its four switches ¢loss with the following resulta: g it

(1) Contact 7/8 closes and holds the relay energised independently
of the l.T. OF button so that when the button is releassd the relay
sontimes ko hold.

(14) Contact 5/6 closes and completes the S0V, =upply to the Junction
box via contact &/7 and 8/9 of the 18-pin plain W plug rmber ¥.205.
The other side of the BOVe supply is slresdy comeoted.

(1i1) Contact 9710 closes and prepares the oireuit of the operating
winding of relay Cs This is the first atage of the preparation of
thils clreult, and relay C does not schuslly operate until the second
stage, givem in pare.l4i0 below, has been conpleted, and the H.T. 0N
button is pressed. The funotion of nontact B 9/10 is to apply
24V, to one side of relsy T« ‘This contact also supplies DG to
pin 2 of %.203 and thence wia the junction box to the blower motors
in the T2R ard indicator.

(144) Contact B 11/12 closes and completes the 80V, supply through 300
and Tioge The metal rectifiers of the W.302 end W.303 (see £igel0)
now become cperative and develop the negetive 100V. power supply.
V304, the HeTw rectifier, also operstes and develops the +300Ve H,Te
supplys 4 further winding on T303 heats the filsment of the valve
V305«  This walve is known as the proteoctive valve becsuse its
function is to prevent the switching on of the 1L.T. supply before
the LT supply has besn on for a certain time.
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¢ o sedguences how depend.on thia
valve. It will be seen on eapmining ¢ it dlegram that the oontach 5/6 of
relay ¢ in the grid cireuit of the wal chosed and relay © i nob spergised.
Consider now the potentisls on the varlovs elestrodes of the walve before it
Gommences to peass ourrent; that is, before the cethode hes warmed up sufficiently:

Tne snode will be at 3000,
The soresn at +2H0V.
e grid at +15%. and the suppressor and oathods will be at sere volta.

13%. A2 soon es the welve sondooks, thers 18 & fall in potential at the anode
which is fod beok to the grid through the condenser 030l and the conteat 1/2 of
relay Bs  Thls combeot, ls closed when 4 iy i8 not energlseds The feed back
i3 ) fhe grid volieps, and this in turn
# edroult ia known as the Miller fead

stops the flow of ancde current. This &
book olreuit, and the specisl feature ! iz that the grid sotential only rises
sxtremsly slowly. With the values of the wult congbents uoed LY sotually takes
S0 %0 L0 seconds before the grid volisge risea sufficiently %o allow snode current
to flow and so opersie relay I The snods curpend in the walve dividen at the
anods betwsen the opereting coll of relay D and the shunt resistence Ripy (figel0).

 iklle When the curvenmt hap bwonss sufficlently grest o snergiee relay D the
following oircult changes oucir:

(1) Oontact 6 breaks from 5 and clomes to 7 %o remove the shunt
resistance Rizx and alsp 4o shorfwout the series resistance Ripo.
Toe oorrent through the relsy winding therefore inorensss and
hodde the reley well spsrypised.

(11) Contact D 1/2 clowsn to connect the opereting coil of relay U through
pin 4 of W1l99 to the BT, N push buttome Thiz is the pecond atage
in the preparation of the odroudt to this push button wentioned at
poyse 137 mbowa.

(111 Contaot D 3/% which $a closed when the relay is not energised, now
opens end breaks thel2iVs supply to ralasy B.

Ahde  If the HeTe ON butbon 1s sow pressed the P4V D.C. olroult through relay
W ois compleded threough the anber lsmp Bl.ifLl, the 1.7T. OF button sonteots, the
bole OFF conteots pln 6 of W.20l, Jowtlon box trpe 8%, vin 5 of W.203 and through
comtaots 4 5/6 which are elosed to 24¥. ¢iégatlvgs Relay C therefore operates and
348 Pour contauts profducs the Ffollowing olrsuls ijxsgagz
¥ e =g
(1) Contaot © 3/k closes the coupletes the 24V, D.Cu olrouit independently
of the H.T. ON push button so thet the relay holds when the bubtion
is releanad.

L Pt
(11) Contact ¢ 1/2 oloses and appliss Z4LY¥. cpositive’ to the operating coil
of yelay ¥ and ales to contsct 3 of relay D :

(438} Comtaot O 7/8 ocloses and completes the 80V. 4.0 supply circuit to the
wrimsyies of bransforners P51, and Tipge This mekes the BH.T.
sirouits operative, and the +1800 and 1000 volt supplies are
AmesLloped,

{iv) Contsot O 5/6 now oféns snd removes the positive voltage from Vios
grid end Jeaves the walve with o pegative biss of ebout -20V, due to
the negative feed fo the Judctiom of Rpp, R29 obtained from the =100V,
Blas supply through Rasew  The suode cmurrent now comences to fall,
bt the feed back ooupling prevents the fall from ocourring repidly,
80 that it tskes aboul 20 ssconds before the Fall of current is
sufficlent to de-snergise relay De

442, ¥hen relay D beowmmes de=erergised the following schions take place:
(1) Comtaot D 1/2 opens to bresk the D.0. oircuit between relay C and
Pin &4 of ¥.199. This hes no effect ss relay C is still being held
through santest G 3% and pin 5 of WelS%

(ii) Cembsot & of relay D now breaks from conbect 7 and closss with cobaoct
5 to put Bipy again into Vaor anode load and shunk Rips scross the
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winding of relay Do Vigs is now back to the condition which
existed when its filament was first heated, with the exception
that the biss of «15V. on gzrid now beoomes -20V.

(44i) Contact D 3/4 now closes and completes the 24V. D.C. cireuit
through the winding of relay E which now becomes energised, the
oeiroult from the relay winding being completed through A 5/6 to

i—g"- v e -
When relay E is energized, the following changes cocur:

(1)  Contact § 9/10 closes to connect +300V. to the modulator to W.203
pin 17 and the Junction box.

(i1} Contaot £ 1/2 breaks snd E 5/6 clowes, and the feed back condenser
O3y, is disoonnected from Vigs grid leaving Vioy cut off on the grid.

(441) Contaot E 7/8 oloses to camplete the 24V. D.C. oircult through the
red pllot lemp 8L.152 and pin é of %199, This is the indication
to the mavigator that the equipment is fully on.

143« As hes already been stated, when relay C is energised, the contact ¢ 1/2
connects the (324V. D.O. line to one aide of the winding of relay F.  The othier aide
of the winding is cannected via pin 1 of the W.199 plug to the motor switch in the
switch undt. When this motor switch is put %o the ON position, therefore, relsy ¥
is ensrgised. Contact ¥ 1/2, parslielled to 5/6 because of the high current loading,
cloges to feed the 24V, supply vis W.200 to the scamer motor.

Switching-off sequence

e ihen the LT+ OFF button is depressed the D.C. supply to.velsys B and O
is brokens This cuts off the entire power unit sand hense sll the other units.
ALl relays therefore return to their initisl conditions.

145. I the L2« ON button is depressed when the equipment is running, the H.7.
and E.B. T supplies are switched off, but the L.T. is left one The actual sequence
of events is aa follows: '

(1) The <24V, D.C. is discommeoted fram pin 5 of Wel99 in the switch unit
80 that the supply through the opersting coll of reley C is broken
and the relay is do-energised.

(11) e contact C 7/8 cpens and cuts off the 80V. AJC. supply from the
trensformers Tige and T303, 8o that there are no further B.H.T. supplisd.

(11i) Contact C 1/2 breaks the 24V, D.C. supply to relays B and P

{iv} Relay E is de-emergised so that ocontect B 5710 cpens and cuts off the
4300V, supply from pin 17 of W.203 thus breaking the supply to the
mﬂa“lﬂ-ta‘!"; .

(v) Relay 7 ia de-energised and breaks the scamrer motor supply.

(vi) e contact C 5/6 closes to connect the positive bias from Rips to
the grid; further, contact £ 5/6 opens mnd B 1/2 oloses to conneot
030, between the anods and grid of Vigse This restores the situation
wgem we have +300V and -100V. developdd and It is necessary to weit
for the delay action of Vigs to tale place before relay D becomes
energised agein, and connects relay € to the H.T. ON push button. Oneé
this hes ocourred the H.T. ON tutton can be pressed at any time, putting
the equipment into operation again as outlined in paras

Au6e Cutting off the BOV. A.C. supply to the power unit by switohing off the main
switeh at the switoh block, voltage control panel, or mavigator's table will also
cut off everything since the A relay is energised by rectified A.C., and contact A
5/6 mast be olosed to ‘obtain any 24¥e D.C. supply for the other relays.

Safety circuits
147, The following points should be noted in case of certain Pailures:
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(1) 1f the 24V. supply feils, relsys B,0,D,B and ¥ are de-energised, thua
awitoching off the equipment.

(i) If the B0V, A.C. supply feils, relsy A is de-energised and breaks
the 24V. D.C. mupply thus switching off the equipment.

{438} Xf some fault develops which remults in sxcessive load on sny of the
rectitiers and hense on the 80V. A.0. supply, ithe cwrvent through the
primary of the transformer ’1'300 in the power unit will increase.
Hanwe the reotified cutput developed by the rectifier W.301 will
incresse. This is applied o relay 4 in such & sense as o oppose
the output of W.300. Relay A then becomes de-ensrgised and so opens
and cuts off the D.C. supply %0 the power unit. All the relays are
then ds-snerglsed and the eguipment is switched off.

{iv) FPor detalls of the safoty oircuits in the modulator type 64 (see
pare. 193).

8. is completes the review of the operation of ths relays in the power
units

SWITCH UNIT TYIFE 207

‘148 The function of the various sdjustments in this undt has been or will be
povered mainly in the desoription of the ether units in conjunction with the effects
which they contrals The cireuit diagrem of the awltoh undt piven in Pig.ld, is
sctually repested in full in the wiriag dagram f1z.8 and this figure should be
uaed %0 see the way in which the various sontrols £it in with the clroult details
of the other unites

WAVEFORM CENERATOR

150 ‘The wavefomm gensrator acts as the mapter clockof the sgulpment. It s
supplied with 4.Ce At BOV. and with DuC. at +300V. and ~100V. 4 self-zurning
wultivibrato in the wavelorm generator provides the timing for the system and
Further astages provide the wavefomms which are requireds The following are the
mibputs of the undt:

{1} A sewbtooth waveform which is supplied to the magalip rotor whenoe,
a8 previously stated, it supplies the time base scans on  the P.Pul.
tube in the indicators.

(i1} The transmitter timing pulse to the modulator taken through the
‘bloe lead.

{111) 'The waveform for brightening up the trace on the P.P.l. tube to
transform what is originally a diemsetrd] scan to a radial scan.
The reascns for this will be apparent when the generation of the
B, P noana is dealt with in para. 161 below.

{iv) & mixer stage in which this bright-up waveform is cambined with the
cutput from the recelver ils also included in the weveform generator.

BASTER MULTIVIBRATOR

153, e clrouit diagrem of the waveforn gonerator 1s given in fig.17 and
figas 19 and 20 give the layout of componenta.

152. Considering first of all the master olook itself, this comprises the
valves Viop and Vol sand thelr sssociated camponenise The olrouit used is a cathods
coupled multivibrators Binces great stability of cperetion is required the H.T.
supply is not obiained directly from the 300V. supply, but from a stabilising walve
V511« At the cathods of this valve a steady H.T« supply of spproximately 200W. is
avallable. A sguare wavei'orm is produced at the anode of V500 which is used to
synohroedse the bright-up waveform generetor Vsog and V507 Waveforms are given in
figs. 21 to 27(vii) and that at Vg, anods is given in fige 21.  The waveform
produced at the anods of Vs is Qsed to time the mawtooth generator camprising the
velves Vgop 20d V5030

153 The repetition frequency of the sguare wave produced and the proporticuss
of negative and positive sagquere sre determined by the comstants of the two
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cathode circuits and to 4 lesser extent by the ancde loads. When the egquipment ia
changed over from one range scale to another, the repetition frequency ls un-
altered but the relative length of positive and negative portions of the syuare
wave mzst be changeds The times during which the grid of Vo) is at & high
potential and at a low potential are given in the tavle below:

Scan Time for ?501 Hepstition
Range Erid high period

10 mile 240 s, ¥ 104 150045 10%
30 mile 720 v 0% 1500 ¥ 10%
50 mile 1200 0 10w 1500 * ¥ 10%

Relays ave used to awltak the eircuits, and these are controlled from the awitch
units The relays employed sre lettered M and ¥ in fig.l7.

15hs It will be seen on sxsmination of the diagrem that the cathodes of V500
and Vo) are coupled by three condensers permanently comwected in parallel and
there are three resistances in sach cathode cireuit fo earth. The relative width
of positive and negative scans are determined by the matios of these cathode
resistancess They can be changed by the closing of the shorting contacts ahosm
in fig.17, thus contact N 7/8 shorts~out Reyp leaving Reip, Kspg in cirouit with
the cathode of V5Q¥s Also contast M 34 shorta-out Rsos and Rele leaving only
Rso8 in olroudte” In the cathods cirenit of Vgyy, RE1B8 may be shorted-oat hy the
contact M B/7 and R517 and R518 are both wer?é%»mt by the contmet N 34k Thus
when relay N is evergised on the 50 mile rengs the small resisternce Rglg of only
15 K. is inserted in V501 cathods, whilet all three resistances are in ciroult with
V500 cathodes This causes the grid of Vegp to have its long period high for the
timing of the 50 mile ascame On the 10 mile range relay M is operated, and only
R508 of 20 K. is in cireult with Vsop cathods, whilst contact 7/8 opens to placs all
three resistances in series with Vgpi cathode. This has the effect of making the
time for Vol grid to be high, only 240 microseconds. When neither relsy is
operated Rep8, Buoo are in oipoult with Vipo, and Bs16, R517 are in ciroult with
V501 This is the position for the 30 mile soen.

155, Sew-tuoth forming stage.~ The next stege which we will examine is the
sawtooth waveforn stage f the valves Vsgp end V503. These have to produce
4 voltage which is either rising or falling linearly with time. The type of clrouls
used is a form of Hiller fesd-back clroult, becauss it has been found thet this
clrouit gives on output with a particularly straipht chevasteristic. The funotion
of the valwe Vegs ds to produce at its anode thiu swwiooth waveform. The function
of the valve Veop is o determine the stespness of sach alupe, so as to it the
sawtooth in with the times allocated by the moltivibresor Vapo, Vg « on each

ange.

156+ A steady ourrent flows through the chalin of resistances formed by R53o,
Rey, Bs3pe When Vgpz is conduoting, this continmes through the valve and through
48 wany of the sathode resistors as are in sireuits. The mmber of these resistanves
inserted is changed for each position of the rangs switch.

157« Leaving Vige for a moment let ua oconsider the valve Vipse This is really
the sawtooth forming valve. BSuppose first of all that no changes of volbage sre
being applied to the Junction of Osly and Cryx, snd that the slectrodes of the
valve are allowed to take up steady D.G. potentinl levels. 'The grid will be at
sarth potential dus to the resistance Ru3f; ourvent will rlow through the walve
and the onthode will acquire a positive voltsge due o R539 thus blasing the valve.
As & result of this there will be no grid current. If now amall changes of
potentinl are applied to the grid through Cg1), these will not cause grid ourrent
whether they are positive or negative, provided that the largest positive
sxsursion doss not exdeed the bias voltage. Sinss no grid current can flow, there
will be no flow of current into the plate of the sondanser (51, which is conneocted
to Vgp3 grids We mey therefdre he spure that cny waveform present at V502 anode will

also be applied to Vipy grid.
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158. The grid of the triode sectdon ol Vyou is held at a ateady potential
and the aquare waveform from Vo) snode is applied to the diodes of Vsp2. During
the positive period the diode anodes and t.erefpre the cathodes are oarrled positive
to the grdd thus cutting the iriods seclion off, During negative pericda the triode
section is sonducting. We will now examine whei happens when the valve Vanz is
switched on and off by the square waveform fram the master multivibrator which is
applied to the diode anodes of Vspz. As the multivibrator is operating contimiously
we mmat choose some point in the oyele and consider what happens during the rest
of the aycles Let us therefore choose the moment when Vgop ceases to conduct in its
tricds secticns Since it has been previously conducting, the voltage drop in the
anode resistarces will have caused Vggp anode to be at the lowest point in the
potential oyele, The ancde of the vilve will therefore tend to rise in potentiale
We have said that this point in the gyole represents the lowest voltage value for
Vs02 anode and V503 gride Purthermore the potential at the upper end of R53p is
applying & positive voltage which will tend to reise V502 ancde. As soon as V503
grid rises in potential Vsgy snode falls and thus opposes ihe vise of grid potential
through the coupling action of 0513 The net result is that Vgpp anode is only
allowed to rise very slowly whilsi Vspsm anode falls M times es fest, whers M
{gbout 120) is the voltage factor of tge valve VE03«

159. Slope of sawtooth.= The rate at which b ¢ wge of pobentials takes place,
thet is; the voits change per second, or per microsesond, is determined by the mte
at which current is supplied by R532 to the side of G513 connected to V502 anode.
Tis rate actually depends upon two factors, {i) the r-lsvant time constant
associated with R532, Cs13 and the valve Vsp3, and {ii) the voltage spplied to the
upper end of Rgzpe The relevant time constant is the complex ome, Rg3z multiplied
by 0513 mltipig&ﬂ By (1« ¥) where ¥ is the amplification factor of Vipz. BSince

we do not alter these values whken changing from one renge to another it follows thet
if we wish to change the slope of the asrtooth {that is, rate of change of voltage

of V502 anode with time), we shall have to chenge the voltage of the upper end of
R532 as we switch from range to runge. This is taken care of by a suitable cholce of
the values of Rs3p, R5%1 and the cathode resistances R533, Rg3y, end R53s, one or
more of which is switched into sciyeuit as the range change switch is moved, thus
sroviding & Iifferent D.C. lewsl of the junction of E331 and Rojz for each renges

160, Tt will be noticed ihat we have not made any mention of the function of
G512 connected to the upper erd of R532. This condenser feeds back the cathods
voltage of V to the Junotion of R533 and B532 and it has the effect of applying
veed back to the grid cirouit of Vsos, Thaie still further emsuring the linsarity
of the sawbooth.

161. ‘The sawtooth waveform produced across Rs;l is fed to the grid of V5o, where
it is amplified and supplies the winding 3/4 of the transformer T501ls A secondary
winding of this transformer, which is centre-tapped to earth, supplies two waveforms
in opposite phase to the scamner magslip rotor over the ccnnections, pins 2 and 6 of
the 6 pin plain W plug, W»199. As has bsen already pointed out, the output from the
stator windings of the megslip is supplied to the four deflector plates of the P.P.ls
indicator to produce the rotating diametral seen. The same timebase is also taken
off from the secondsry of Tspl through a parallel connection to the indicator unit
to supply the height tube with its time base.

162, The winding 1/2 of Tso) acts as a feed-bask. The sense of the feed-back
winding is such that the potentisl of texminal 2 moves in step with the voltage of
the arode of Vsois The anode load of Vg, is large, so that the gain of the stage,
neglecting the feed badk, is highs The resultant gain is theérefore determined
almost entirely by the Peed-back retlos The net gain is about 4, and since the
emplitude of the sawtooth on V503 anode is a little less then 80V. the amplitude
on V50, anode is therefore a little over 300V. This is the required value. The
resiatance R5)J, oan be chosen when the unit is mamfactured to make the ocutput
smplitude correct in aspite of the variation of the components fram thelr nominal
values. To canpensate for the loss at low frequencies introduced by the oircults
which carry the scamning waveforms to the F.P.I. subsequent to the waveform generator,
the blocking condenser C518, U539 in the fesd-back resistance chain is made of sueh
& value that the fesd«back is reduced at low frequencies. This means, in effect,
that the valve bousts the low frequency to compensate for these losses. Ox37 ls &
bypass for any strey HeF. voltages which may be picked up.
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Transmitter © valve

163. We have now to ccusider snother function performed i{n the waveform
generator, namely the produstion of the timing pip, controiling the operation of
the timing multivibretor in the modulator deseribed in para. 189 below, and henoe
the moment of firing the transmitter. We have already shown that the output of the
sawtooth generator when spplied to the P.P.I. tube in the indicetor produces &
diametral scens What we have to do is to fire the trensmitter at the exact moment
that this diametral scan passss the centre of the tube. The valve which does this
is V55, and it ia supplied from a further winding of the transformer TSQL
mentioned above. This winding, the winding 8/10 of the trenaformer has terminal
10 earthed and terminal 8 commected to the grid of V505 through 520 and C550. The
winding is so arranged that the potential of 8 rises during the working stroke.

The timing pilp which we require to produce at a point approximating to the middle
of the scan 1is produced at the anode of V505 and led ocut of the waveform gensretor
box via the blue Pye plug.

164 The way in which the velve Vggs produces this pip is as follows: first of
all, to undersiand ite mction, oconaidar the volteges on the vericus electrodes of
the valves, and assume that no potential is being epplied &t Csppe  The cathode is
directly comnected to earth. The grid is connected through the 1 megahm reaistance
R550 and & smaller resistance Rgsg to the renge sero control in the switch unit

pin 8 of the 1l2-wey range pluge 'This merely produces a point of variable
positive potentisis The grid itself is held slightly more positive than the valus
determined by the setting of this control, bécsuse a further lesk RE588 is teken to
& high voltage pointe Anode current to the valve is supplied from the junction of
R553 and Rsss, the effective anode load being about 90,000 ohms. Owing to the
potentiameter method of connswotion, the anode voltage is about 18V. A further
potentiometer Rl and B552 provides the soresn with an effeotive supply of ebout
70V, and & acreen load of 70,000 chms. BPoth anode and seresn supplies are taken
fram the 200V. stabliissd liune,

165 The screen is lightly de-coupled by Cszy, the time constant being 70 L8
The suppressor is coupled to the sarsen by Ospz. Regy, s a Jesk resistence between
suppressor and earth. Farthermore the suppressor s prevented from going positive
to earth by the first half of the dlode V5pgs The valve Vs is thus a form
of trensitren. Wnen the soanning voltage is being continuously epplied to Cszp,
the control grid of Vsos, when it is positive to the cathods, will cause Cszp to
become negstively charged through Rgsoe The level of grid voltags will be “restored®
sbout the sero volte line; nnd ite exoursion of voltage will be fo about 35 or 4D
volts negative. In normal working, therefore, there will exist & difference of DyC»
potential level ncross C5pp, after the spplication of a few cycles of sawtooth.

We therefore have the sondition that the commencement of the rising atroke Vso5 grid
is ab an extrems negetive potentiel of the oprder of 4O to L5 volts negative fo
earth, the waveform being as shown in Pig. 26.

166. If the grid potential rises, Pollowing the working strdke of the sswiooth,
it will eventually resch the point of cub off, nemely sbout -2V, Anode currsnt will
ocommence to flow thus reducing the potential of the anode from its previous value
of 18Y. Soreen ourrent will alsc flow and reduce the potentisl of the soreen.

This will in turn reduce the potentisl of the suppressor through the coupling action
of Crpze  The effect of this is o cut the flow of anode current off at the
suppressor grid, thus ddverting the whole flow of cathode current to the soresn.
This still further reduces soreen and suppressor potentisl thus confimming the cul~
off of anode currents As & result of this, the snode woltage rises first of all Yy
a fa;v voite and then when completely ocut off, it returna to its originel potential
of 18V,

167, There is & certain snount of ospacity betwsen anods and earth, dus to the
capacity of the cable comnecting 1t to the modulstor, so that the rate at whioh 1t
roturns to its originsl potential is determined by the time constant formed by thia
ospacity, and the resistance Rggee This somewhat long time sonstent waveform is
differentiated in the modulator itself by the condenser C7, and resistance 19 in
the modulator unit, thus producing the required short-duration plp for triggering
the modulator multivibrator.

168, ﬁe BT m&guﬂmutw The point on the sawitooth at whioh 1s this pip
ocours therefore the point on the monn at which the transmitier fires cen be
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advanced or retarded by mesns of the rangs zerv sontrols This closes or opens up
the "hole® in the F.Fuls ploture see parae :

Bright-up multivibrator

1489. 'Mhe purpose of this stage is to Wrighten the diametyal scen during the
seoond half of its travel scross the F.0.ls tube, s0 as to turk it from a Hamebrel
sean into a radlal scans Whilst this atage goes by the name of the beight-up
stage, and we telk about brightending half of the scan, we 4o not sotually ralise
the potential of the "brightened” half of the sean to produce a contimeus, bright
traces What we 4o iz 4o bring up the potentisl of the PuP.I. tube during this
half of the scan %o the criticsl level abowe which any further positive volinge
applied to it, will result in & vigible 4rece. During the Pirst part of the
diemetysl scan, the P.F.I. tube grid {mofulsting electrode) iz kept so well
negative that no signals, or other voltsges spplied to 1%, con produce & visible
spot or mayk. The type of waveform required to perfourm this fumetion is therefore
a sguare wave having the positive sgusre equal in durstion $0 & radius of the P.Pul.
Trie positive portion must have s very flat tops This type of wave is produced in
“the multivibrator stege employing the valves V506 and V5i7- The autpul fraa the
bright-up generator iz not applied dlreotly do the inliceler, Wb ila flrst of &1l
mixed with the output from the veselver in the mim sage oonprising the valve

VS{)BJA

170 iet us consider now the form of multivibrator used in the bright-up
geverator.  This canprises the vmlves Veog and Vepoys The comnections make thils
stage a Plip-flop type of multivibretors That is, one which has e steble siate in
which one of the valves is oubl off and the other is fully comducting. In this case .
the valve Vgoy 1o conducting and V508 is cub off in the atable state. The cathode
resistance Hegp is common to both valves. Ihe DU potential of the gwid of Vg is
determined by the setting of the radisl Fel.le adustment in the contrel units  This
adjustment is merely a potentiometwr connected between sarth and point of positive
potential. 'This sebs the level of the grid of Vaoy and, therefore, the lewsl of
the eathode of Vg7 in the atable state. The cathode of V506 is comvsoted o the
sathode of Vagy, and thus the bias on Vips is determined.

17ls  The iind of squere wave which we have to produce is one which has its
positive portion commencing at exasctly the cenbre of the rising sawbooth. This
nositive portion must be susteined until the end of the sawtooth and the negative
pordlon muat immediately commence at this point so &8s to black out the fly-back
shrokes The negative portlon must conbimie for the first half of the next rising
sawbooths The relative times osn be seen in the diagrem, fig.l9% The way in which
thiz timing is carried out is somewhat lnvolved but essentially it is done &8 -
Pollows 1=

172+ . The positive going edge of the master multivibrator produced at the anode
of Vsno and the sawtooth rising stroke produced at terminel 8 of the transfomer T501
are both applied through oomdensers and a network to the grid of Vspgs To show the
way in which thesé wavefoims are added together in the network comprising the
double dicde valves Voog and VElg and their sssoolated resistences and condensers
the disgram fig.l8 hss g&en prepared the sawtooth waveform is applied through Cszy
to the point A f.e. junction of Cppy), and #5659 giving the waveform labelled A in
figs19." The square waveform from V500 anode is applied through 0523 to the point B
resulting in waveform B fips19.

. 173 The cathode potentials of the Znd half of V509 and both dicdes of V510 and
the grid potential of V547 are all set by the potentiameter chain R557, R558 amd
VR15] in the switch unit. This point we have labelled C in fig.18 and the waveform
disgram shows the waveform of ¢ as & horizontal line.

~ 17he The waveform diagrem haa been split up into periods by the vertiesl lines
labelled ), 2, 3, 4 and 5.

175. 'The cbject of the network mentiomed in pare.l72 shove iz to contrel the
potential of the point E which is the grid of Vso6, becsuse what we are frying to
do is to limit the pericd durding which this point is above that of the point.C to the
second half of the working stroke of the sswioothe The potential of the point E, as
can be aeen from the curve 4 fig.l9 follows firet of all the potential of A during
the period 1;20



. S.D.0296(1), CHAP.1
- k2 - 2rd Bdition

176, At the point 2 4% resmches the potentisl of O and consequently fives the
flip=flop circuits V5o becomes conducting and V507 is cubeoffs During the
period 2/3 the points'D and ¥ are held by the first helf of VE1o o & potential
only slightly above that of O

177+ At the point %, the sudden negetive ewoursion of the square wave at B
carries the potential of E down below that of O snd thas allows the multivibretor
V506, Vso7 to swing back to the stsble wiate with Vigy condusting. During the
period ?A. this state is maintalned beosuse the potential of ¥ is now governed by
that of B through RS6Le  During the pertod 475 the potentisl of E follows that of
D, that is, 1% follows the second b off the Fly«back porbion of the sawtooth
‘and the grid of Vigg is, therefure, carricd down well below eut-off, so far, in
fact, that at point 5 when the rising positive squaie wave 13 applied to (B) this
helight is insulfflcient to bring it up to ihe reguired level at which the Flip-flop
circuit will agsin atweike. We axe now baok at the ssme point in the oyele at which
we begin to consldar dhe opsreticn of the sireuit.

178, It will, therefore, be evident by nonsidering curve (4) thet the only time
during which ¥504 is corduoting is thet botwsen the tlwe polnts 2 and 3. That is,
the second half of the working stroke of the sawtooth.

179+ Control of start up of bright-ups= It will be profitable at this stags to
examine the effect of varying the P10, sdiustuent on the switoh wilts  Operatien
of this aontrol changes the rumber of volis theough which the sswiooth must ralse
the grid of the Vgpg before the brignt-up pulse can begls sinse the mmber of
microseconds taken on & mawtootl 4o ralse V05 orid through & given muber of veits
will vary inverselsy 8s the velocity of the sawbpoth. Adjustment of this sontrol
will, therefore, delay the begluming of the brighteup pulse by the largest amount
on the 50 mile scem, less on the 30 mile epd least on the 10 mils.

180. There iz also a redicl P.fIe adjusiment control on the wave form generator.
This is a screw-deiver control sad e 2 veriehle resister VESOD tied to earth through
& condemser C3p8. The other enll of the wodeble resister copacts point 4. 'The

effect of this resizimnse and conderser srrongwsent is to delay the rime in volbags

of the point D whilet s condenser Osps charges up. The rate at which it charges up
is determined by the setting of VRepp. Thie deley will not wary with the veloel by
of the sawiooth and ao will delay the start of the bright-up pulse an egual oumber
of microseconds on cavh sofne _ . : :

181, Whilat, thevefore, these two sinilsrly labalied sdjustosnts do the seme
thing their effectiveness o the varicus rvemges sro opposite o one another. By
ménipulation of these two controls it is, therefors, poussible to stark the thres
acans at approxiss * The sae podnmt on the tube. & serdles of adjustments on the
trial and ervaxr prd way he peoesssry belors the correst cobinsition is FPound.

o Mizhes Btege.- We bave ssen bhow 4

he snode of V507 and owy problen now e ko o
the onlput frae the recelvers The lesd scerrying Wids outgot ls, therefore, brought
to the wave fom generstor box vie the grey Pre plug.  The sobusl provess of nixing
these two wave foms together iz camplicated Ty the réguirement that for the PP, 1.
display the reseiver outpub must be mized with the bright-up wave Porm, wheress on
the height tube dlspley the brdght-up pulse s nob reguirvedls . In fact, 42 it weye
pregent it would cause & step o appear on ihe helght tube treve. We, therefore,
have to emplay on isclating stage (V5iz) mo that we osn take off the wtat o the
height tube through & separate lead before 1% has beoome téngled up with ths brighte
up wave fopme  Accordingly, we apply the dutput through Usyn %o the red Pre plug
and this is the helght tube supply.

183, A leed in alwo taken fros the grey Fye plug to the grid of ¥512. This valve
in wired ag a ocathods follower and can be regaried as the last stage of the
receiver cireults Iis cathode Joad Is formed by the resistances Rgys, R576, Reype
The signal frequepodss are, therefore, fed fram the upper end of H575, through s
condenser and resistance network of & special Form, the resson for which will be
discussed later, to the grld of Y508.  The resistence 8531 iz inserted in the
cathode of Vsap which is also wired sz 2 cathole Pollowey and the Pinal output
wave form o the F.P.I. tube is teker fros the bleck Pre plug comwoted to the
cathods of Va0B. The biight-up wave form bz mimed in with the receiver output on
the grid of ¥oog,




184 It is dedired thet a de
asorrespond, to the "no sigmal’
potential at the grid of Veon the pot
Rggz is employed between the Ho'Te Do
line which enters the wlt vin pin 13 of the 13w-wa
losd of V507«

& mtds

185. In order to pass high frecuencies o the grid of Vsod, Re?7 is shunted Yy
the condenser C532 and this combination then has a time constent (.1 4P % 1.5
Megohms = .15 seconds. In order to avoid distorticon of the wave fopm beiween Vaug
ancde and Vspg grdd a similar resistance in series with a resisterce and condenser
in parallel is employed in the grid circuite These are Rgys, Rgy, and C533. T%
will be seen that the sawe time constant is obtained although the values are
changed, vizs Rg7) »15 mege x 1.0 AF = 15 seconds.

186, The grid cirouit of Vgpa is complétsd through the cathode load of Ve
a0 that the grid potential of Viog actually follows both the wove form fed in from
the cathode of V512 and the bright up wave form fad to it from the anode of Vsny.

MODGLATOR URIT TYRE &L

187, Wwhat the modulstor sets aut 40 do is %o produse & palse of %35 V. ic
t¢ the trensmitters The pulse has a duration of approximately one miorosesuond
the' peak power during this period is considereble, of the order of 120 ki, W

~immediate source of this power is the artificisl line shown as ilel in fig.is
is charged up from a high tension supply in the modulator during the intery
between pulses end is Qischarged very repldly during the pulse itself. The fune
of the cireuits in the modulator i3 to provide the high volispge necessary for
charging process, to time the discherge, and 1o provide the link by means of w
this dischargs is oonveyed to the trsnsmitfer BOX

188, Consider now how these warious functions are performed. Mlrat of
charging process is performed Wy the high woltage vestifier comprising the valves
V1 and V2« This is fed directly Trom the BoV. supply through & sultebls filter
sireuite Ihis rectifier builds up & negative potentisl of aboud 3.5 kV aoross the
wondenser 0ge  Current comences to flow through I into the artificial line and the
sendienaers of the artificial line charge up one by one until the voltage of the line
is equal to the voltage of the condenser Cpe During the time that this is taking
place, the current through Ll has bsen lnecressing, and thers iz, therefore, aome
sngrgy atored in the inductance equl in fact to half Mj*ﬁ, where L is the self-
inductence of the codl and T is the current. Thils energy maintsine the charging
surrent into the line and actuslly charges the line 40 a voltege of almost double
that of condenser Oz, vize 7 kV. Current ceases to flow inte the line when the
ourrent in L] iz reduced to zero. In the absence of any action from scme other
cirouit the energy in the line would flow out egain through Ij, since the voltage
aoross the liné 1s now higher than the voltage feeding into Ly from Cps It is,
however, arranged that at the moment that the artificial line reaches its peak
voltege, it is dibcherged through the ges discharge tube V3 into the 80 obm line
which feeda the trensmitter. To obtein maximum transference of energy the capacite
ances and induotances forming the artificial line are chosen so that its chamcter-
iatio impedance matches into this B0 chm line. . The circouits used for timing the
disoharge for "Piring" of V3 comprise the walves V5, Vg and V7.

189. 'The walves V5 sbd Vg mye conmeoted as s multivibrator which would normslly
free~run. Its naturel repetition pericd is however chosen so that it is slightly
langer than the interval befwsen the driving pulses from the wave form generator.
Its frequenty is thus speeded up slightly and losked to these pulses. Sinse it is
necessary in the equipment to synchronise the timing of & muber of the cirouits.
with the "Plring" of the trersmitter pulse, it is obviously logical to time these
eircuits from the semé scurce as that used for timing the trarsmitter pulse.
Accordingly the plugs which supply these pulses labelled J, X, ¥ and N sre connsoted

- to the cathode of Vge The constants of the multivibrator cirouit are so chosen that
this cathode produces a positive 20 microsecond square wave at this point. The
period durlng which V6 is off and V5 is on may be adjusted by the setling of the
potenticmeter Rz) which controls the grid voliage of Vés A2 stated above, this
repetition time must be set so that it is slightly longer than the interval between
the tining pulses.

130. ‘The cwrrent pulse in V5 produses & 20 microsecond negative pulse st the
-anode which ls phase reversed in the transforsmer T), and is applied ss a positive
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pulse to the grid of the valve Vy. This is the valve which 1s used to "fire" the
discharge tube V3. This discharge tube has two mein electrodes and ope suxiliary
electrodes The auxiliary elecirode takes the form of a small rod which is inserted
in a hole drilled in one of the main electrodes. There ia » smail gap between the
suxiliary electrode and this main electrods. 'This gap oan be broken down by the
application of a potential of 3kV. The main electrode which is perforated is
comneoted to earth through the resistance chain R10, Ry apd Ryp and the artificiai
line which is connected to the other main electrode is at a negative potential of
about 7000V. To produce ionisation of the gas in the gas dischsrge tube, a

potential is required on the trigger elegtrode and it is a funetion of the v&lve V7
to furnlsh this sultable posltive voltage.

191+ To see how it does this, we must return to conalder what happens when the
20 microsecond positive pulse is applied to its grid fram the transformer Th. V7
is normally biesed beyond cut-off by the metal rectifier Wy fed through H2g and
the secondary of the transformer Ti. The pulse on the V7 grid runs the valve to
grid current end switches it herd one The soreen circuit corprises the parallel
resonance cireuit L3, €11, R3le This has a resonanss frequeancy of about 25 kCy
or a time for 1 oyoels of 40 microsecond. The flow of screen current through this
clroult.produces an initial fall in soreen potential, but by the end of the 20
microsecond grid pulse, equivalent %o half a cycle of the natural period of the
clroult the screen potential rises sgain to the 300V. supply potential. In the
anode circuit of V7 is comected an inductance Ly. During the grid pulse, surrent
reaching abont 5 amps. is built wp in this inducitanse. At the end of the grdd
pulse valve V7 is sharply cut off. The ensrgy stored in L) csuses a very high
positive walf:&g& to tuild up at the anode of V7, which is conveyed through C13 %o
the trigger eleatrods of Vi. This positive voltsge pulse fires the tube, and dis~
charges the artificial line as stated above.

192. It has been stated that the artificial line and the cable 40 the trans-
mitter both have the same characteristic impedance of 80 olms. If we consider the
line therefors ss n sort of battery having an e.m.fs of 7 kV. and an internal
resistance of 80 ohms, fesding into a load slso possessing a resistanss of B0 ohms,
it will be sewn that the voltage must be reduced t¢ half by this load, and the
actual voltegs applied to the line is therefore theorsotically 3.5 kVe Actually,
oo account of losses in the gap and elsewhere the ocutput voltage is about 3.3 kVe
To enable the oulput to be monitored, the potenticmeter R10, Ril, and R12 is
sonneated agross the output, mondtoring point being plug P

193, Sefety circults.~ Owing to the considersble voltages present in this unit
&nd in the transmitter, a system of safety circuits is needed to safeguaryd thé unit
in case of short circuits developing. These safety ciroults coupriass the safetly
valve Vi, and the rolays A, B and C»  These faults will normelly result in too much
current belng drswn through the rectifier. When this happens, relay A in the E.H.T.
eireuit of the restifier will operate with the following resulta:

(4} Contact 4/3 opens snd removes the negative bias from the grid of the
waive Vj, which is a protective walve.

(1i) This velve now conducts and relay B in itz anode cirouit is
ensrglsed.

{4ii) Conbact B/1 opens and cuts off the H.7» supply from the trigger
veive V.

{iv} Contaot B/2 connects C5 which hes previously been discharged by Ry,
between the anode and grid of V.

A%+ As & result of the removal of the H.7. frem Vy, the operating coil of
relay C in iis sanode clroutt ia dlsconnected, the relay s de-energised and so the
eontact G/1 opens and cuts off the 80V. A.C. supply from the primery of Tis Henoe
we get no E.H.T. to cherge the artificial line. Sinoe the H.Te is cut off, relsy A
ig de-energised and the negative bias is again applied tc V4. Due to the presence
of condenser Oy the anode current falls graduslly, but after a certain delay
{about 20 eecomds) this f£ell is sufficient to csuse the relay %o be de-energised,.
The contacts of this relay therefore revert to their original positions, viz. the
contact B/2 then switches out C5 and discharges it end contast B/l switches the
HeTo to V. Helay O is now epergised and /1 closes to feed the 80V. supply again
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to the H.Ts trarsformer T3e The E.H. T supply is thus restored to the artificisl
line.

195+ If the fault which caused relay A to operate initially is otill present,
the same cycle of operation is repeated at about 20 second intervals wstil the Pand,
clears itslef or the power is awitched off.

196. The contact G/2 is for use when a modulator type 64 is used with ancther
ReDeFe installation.

157. The location of individual components mey be seen in the Jiagrems Figs.
30 to 32+ Wave forma are given in figs. 33 to 35.

T2k UNIT, TYFE TR. 3191

198. A circuit diagrem of the TR unit is given in fig. 36 and figs. 37 and 38
show the layout of the principal components. The unit camprises the magnetron
transmitter velve Vigr which is supplied with its high voltage pulse from the
modulator, the serial feeder, the soft rhumbatron comuon T and R switch, the crystal
mixer stage and one stage of I.F. amplification. Coneidering firat the production
of the R.¥ pulse, thia is produced by the magnetrom when & voltage of about 10 to
15 kV. is applied between its ancde and cathode. Hince we wisn to drew off the R.1%
supply through & concentric feeder which is integrally connected to the ancde, 1t is
convenient to have this electirode at earth potential and we therefore arrenge that we
supply the cathode with a high voltage burat of negative potential. The cathode is
heated by the transformer T3np which must, therefore, have its secondary winding
insulated to withstand this voliage.

199. Referring to fig. 56, the 3.3 kV. pulse arrives via the 80 ohm lsad marked
/W and is applied to the pulse transformer Tip2s The high voltags line of this is
connected directly to the cathode of Vigle The valve Vie is a diode which has its
anode commeocted through & 4 k. resistance to this high woltage point. Iuring the
negative pulse no current will flow in this diode, tut owing to the wavcidable
oscillatory nature of the discharge & positive overswing is produced after the
initial negative swing, and this can be gonveniently demped out hy the conductivity
of this diode. Any further negative swing which might produce a second "ghost"
pulse is thus prevented from ocourring.

200. The output fron the magnetron is fled to the wave guide orifice in the scarmer
through a concentric cable and it is necessary to match the impedance of this cable
to that of the resonant cavity of the magnetron. For this purpose a matching slug®
is used.

20le Sinoe the same aerial is used for both transmission and reception it is
negessary to have sane means by which the high voltage pulse fram the transmitter
can be prevented fram reaching the easily demaged crystal mixer which is used on the
receiving aides This is done by the use of the soft rhumbatron valve Vipo illustrated
in fig.39. The method is an extension of the "quarter-wave switching® which has
been already employed in other circuits and it deperds for its operation on the fact
that if a short eircuit is placed across one end of a quarter wave line the cther
end "looks like® & high impedance and vice verss.

202. The function of the Vygp switching valve 1s to effect this changeover
immediately after the transmitted pulse has been sent. The required short circuit
iz produced by the ionisation of the gas inside the tube. The construction of this
valve is shown in £ige3%:. I% is essentially similar to the reflestor klystron which
is desorided fully in S.D.0169 and in S.D.0419 with the exception that it has no
gun azsemblys The elecirode, which in the klystron is used as the reflecior electrode
in the case of the rhumbatron serves az a probe. This is held at & pressure of «1000V.
and therefore provides a D.C. field between its extremity and the earthed rhumbsatron.
The valve is filled with water vapour at about 6 rm. pressure. A coupling loop in
the rhumbatron terminates the quarter wave concentric line which connects by means
of a T joint to the feeder between the magnetron and the aerials During the trans-
mitter pulse & powerful burst of R.¥ energy is supplied to this loop and produces
an R.F. field in the ocavity of the frequenoy at which the cavity is resonant. 4

® Note. The theory of matching of concentric lines is dealt with more fully than
is possible in this mamel in S.D.0169 para. 5. 3. 2. 3,
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large oscillating ourrent therefore builds up on the internal surface of the cavity
producing & high H.®. voltage across the "neck"; thias ionises the gas in the valve
which has already been strained almost to break down point by the D.C. field due to
the probe. The effect of the break down of the gas at the neck is to damp down
very hesvily the oscillation in the cavity. The cavity will then present a very
low impedance to the R.P. frequency &t the rhumbatron end of the quarter wave
coupling line. The upper end of the coupling line therefore "looks 1like" a high
impedance to the R.F. pulses and these latter pass through to the aerdal without
sensible losa.

203. Coing back now to the cavity in the soft rhumbatron; this is provided with
& second loop Peeding into anothsr concentric feeder which in its turn feeds into
the orystal mixer chamber. During the tranamitter pulse we have only a heavily
damped oscillation in the cavity, and therefore only & small amount of power is drawn
off to the mixer eiroult. Even this is inconveniently large for the reoceiver to
handle and therefore steps are taken to suppress the receiver during this period.
It is not, however, great enocugh to cause demage to the aryatale

20he As s00n a3 the transmitter pulse is over, the gas in the soft rtumbatron
btesames de-lonised and there is then no low resistance path across the neok. The
rhumbatrpn therefore is in & condition to respond to any reseived pulae which may
ve pioked up in the seriel and fed to it. If and when such a pulse arrives it is
not powerful enoagh to cause ionisation, and oscillations therefore build up in the
rumbatron proportional to the intensity of the received pulse snd these induce
ourrents in the second loop coupling the fusder to the orystal mixer chambere

205, The theory of the crystal mixer has elready been dealt with in 5.D.0169 and
8.0, 0419, and therefore cnly a brief reference will be made to its funotioning heres
Since the navigator will require to cbaerve the sorcen of the indloator whilst tuning
his R.F. oircuits, it is convenient to have the local osoillator situated in the
indieator unit. The locel cscillator can be made powerful snough to generate an
oscillation which, although attermated in the fairly long connector cable, will still
be sufficiently large when it arrives in the erystal mixer box, to furnish s atrong
almmal.

206. The erystal has been found up to the present to be the moat gemerally
satisfactory method of rectifying sigmals of the order of 3000 Mc/ss frequency, and
it hes the advantage that its efficiency can be tested by taking simple D.C.
measurements of its forward and backward resistance, As a genersl rule the forward
registance should not sxceed 200 ohms, elthough crystals having a forwerd resistance
as high as LOD ohms have been fourd to give & satisfsotory performance. The bacsk to
front ratios, that is, the ratios of the back resistance to the forward resistance
should normally exceed 8:1 although in some cases crystals having a baok to front
ratio of 5:1 have besn found quite satisfactory. The back to front to back check
is not a complete test, but is a useful indication. The orystal capsule cen sasily
be changed and the finsl decision will be to campare signals actually obtained with
those obtained with & crystal which is known to be efficient.

207. The intemmediate~frequensy output 1s cbisined by tapping off asross a
capacity connected between the crystel and the outer of the mixer chember. This
capacity acts as a short circult to the 3000 Mo/s. frequency of the R.Fe and local
osoillator signals, but presents a comparatively high impedance at the intermediste-
frequency of 13.5 Mo/s. The output of the crystal is trensformer coupled to V:
which forms the first stage of the I.F. chain. This gives approximately 4il vﬁgnge
step up and feeds to the green concentric cable to the receiver.

208. Due to the restiffcation of the I.F. currents by the crystal, a certain
amount of D.C. is produced. This ceuses a D.C. current to flow through the primary
of the first intermediate frequency trensformer Lyzg, the choke Lg, the jack J1zs,
the terminal marked 2, pin 7 of the 12-way plug on the T2R unit, through the jJunoction
box to pin 12 of the ysllow 18way plug to a meter connected in the indicator unit
between pins 11 and 12 of the corresponding 18-wey plug in this uniti This records
the D.0. ourrent through the crystel except when a portable meter is inserted in the
Jack J 125 in the T2R undt.

209. To maintain the water vapour in the soft rhumbatron in a gaaeous condition
so that ionisation will always take place at the same applied pressure, the heating
colls Rips, R107 connected moross the 24V, D.C. supply, are provided. There is also
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a blower motor for cooling the magnetron, fed through an interfersnse suppressor
unit of conventional.dssipgne

RECRIVER UNIT

210, This unit contalnw s notwiel LB smplifier of conventlonal design, -diode
deteotor, output valve, and also a series of olrouits each performing different
functions end grouped together on one chesais under the gereral title of the Recaiver
timing unit. A cwusplete cirouit diagram is given in figei0 and the positions of
‘the principal cosporsnte in the unit are shown in Pigs.4l to 44 . Waveforms at
mumercus polnks in the receiver unlt are given in figs.45 to 50.

211, The oubput from the T9R unit enbers the receiver unit through a conventric
oable and a green Pye plug, to feed direcily into the intermediste frequency trens-
Pormer tuned to 13.5 Mo/se in the grid clreult of the valve Vi. Five stages of
“intermediate frequency amplificstiom follow this volve meking six stages in alle
An intermediste frequensy tranaformer is comected to the anode oircuit of the last
astage and the secomdary of this trensformer iz comeoted directly bdetween earth and
the cathode of the dlode valve. The diode losd is conneeted between snode and sarth
and eoross this & signal potemtlisal is developed as & negative pulse. This is.applied
through Ls and Cng9 4o the grid of Vg and resulis in a positive pulse output at the
anode of Vg« This s teken to tag 7 on the teg strip through which comeocticns pass
to the timing woit located on the other chassis. A this polnt we have only the
aignal present in the rezeiver cutputs

212,  As hes besn stelsd ir The gepersl description, pars. 51 this output has to
‘be miwved with & sourse merker pulse, and the range masker pulse. The brighteup
miver pulss which hss also to e added is Porwed in the waveform generator box and
-the output of the recelver ia therefors teken through the slate Fye plug and the
soaxiel lead to the wavefom generator box for this purpose.

213+ Helpht marker pulse formation.- 7The vidves used for producing the height
marker pulse are also housed in this unit. They are: Vino, Viol, Vioz, Vi03e Since
the height marker is used op the 10~mile range for timing the range marker pulse, we
will firat consider how the height marker pulse is produced.

2l4s The 20 microsecond priming pulse from the medulator enters ths receiver

timing umit through the viclet Pye plug, and is connseted to one side of the pulse
transformer Tnoe The waveform at this point is shown in figeBl, and can be seen

to consist of a 20 microsecond positive pulse followed by an interval of the order .
of 1500 mioroseconds. What the height marker pulse forming circults have to do is to
produce s short pulss of about one mlorosgeond duraticn whioh oen be applied as a
'Blip*® to the {rece of the height tube. It is necessary for this pulse to be produced
at same tima after the end of the modubator priming pulse, whieh time can be exsetly
controlled. The most convenient way of producing a pulse having & nioe symmetrical

shape is to employ a delay network.

215 Vo1 and Vi_cg fom & "lip-flop” circuit. This cireuit can be stable with
either Vo2 condusting and V40l out off or vioe verss. Conaidering firet the atate
in which Vi0z iz conducting and V401 is cut off the “flip-rlop® effect is brought
into operatiom by the spplicatiom of a positive voliage to WLOL grids The output

of the "Flip~flop” ociroult is taken from Vi0l anode, so that what we have to do is
to time the arrival of & positive impulse at V401 grid. This has to be delayed by a
variable ameunt after the negative priming pulse has been applied from Tippe The
double dioda velve V400 perfoxsss this relaying action and s fed with the priming
palse on 1ts cathods,

216 Oonsidsy now the voltages prosent on the various sleotrodes of Y4000 During
the intervel between pulmes, the grid is driven down nepstive to the sathode and the
valve is cut offs The reasom for this is as follows; when the pulse occurs, the
cathode is driven negative and current flows in the grid ciroult charging the grid
condenser Cy02. At the end of the pulse the cathode rises to a potential positive
with respéot to the grid, the grid cathode path then beeomes non-conduoting and the
charge remaing on the grid, holding it negative until the next pulse arrives. In
the sbaence of pulses, it would in fact leak sway relatively slowly through Ry 01.

When the 20 microascond negative pulas which hes an siplitude of about L6Ve drives the
cathode of Vi00 down in potential,the diode smodes, which are coupled togethey and
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comeeted to the lower plates of the condensers VOu00, Ciel and Cpn3{which are
#ll cormected in parellellare lowered in potential by about 14Ve

217. The resistence Ry,00 in the anode eireuit of V400 has its upper end
cormected to the 300V. stabilised line, and when current in the triode section of
V400 is cut off at the grid, the timing condensers will commence to charge
exponentiallys. The voltage of the grid of V,0) connected to the Viop anode through

05 will rise until the cut off value of VL0l is reached, and the "flip-flop"
eircuit will then be fireds This firing will ocour earlier or later according
to the potential level of the lower plates of the timing condensers, which are
directly comnected through pin L4 of the Geway plain Weplug to the height control
potenticmeter in the switch unit.

218+ The grid of the valve V.02 is supplied with a verisble potential
adjustable by means of the height zero adjustment in the switch unit. Thiz
voltage reaches the grid of V.402 through Pin 6 of the 6«pin plain ¥ pluge OCurrent
flowing in the valve causes the cathode to sit at s voliage approximating to the
grid voltage owing to the drop in the cathode resistance R /06 of 15,000 chmss The
oathode of V.40l is directly connected to the cathode of Vo402, and V.40L is
thersfore cut offs The "Flip~rlop" cireuit will fire when the grid of V..0l reaches
a potentfal within ebout 10 volts or so of that of the cathode. This will oceur
as explained in para. 217 above when the timing condensers conmected between Va400
triode anode and the diode snodes have charged up sufficiently.

219« During the interval between the firing of the "flip-flep" cireuit and the
end of the next priming pulse, the valve V01 is conducting. ‘hen it is conducting
its grid potential iz about +150 volts and its cathode current will therefore he
sbout 10 mis The anode current will be sbout 7Ht or 75 mAs The delsy network
Lef00, CelO5 etes, connected in the anode cireuit has an impedance of approximately
2,000 chms terminated by Rypg of 2000 ohms and this forms the anode load. Anode
potential governed by the drop in R,og will be about 15 volts below that of the
supply (+ 300 volts stabilised).

220« The anode potential will rise az soon as the valve switches off and fall
again a8 soon as it switches om. 'he delsy network has a tims period of 1 microw
second 80 that anode current will contimue to flow in the terminating resistance
Ry09 whilst the condensers Cu05, CL06 to Cpoy diacharge in succession through it
for a pericd of 1 micro-second after it has atopped flowlng in the valve. This
same delay will teke place when the valve again conducts, that is to say, ourrent
will not flow in Ry09 until 1 mioro-second after the anode current has started
again. The waveform cbiained at the cathode of V)01 is as shown in fig. L5 as will
be seen in pars. 223 below we are not interested in the pulsze formed by the
switching off of the volve Vy0l but we will consider exsctly what ocours when we
switeh on the valve.

221, when we do this the snode potential drops and causes a drop in potential
of the point 1 of T301 through the coupling sction of Cupgs This 1s stroke 1 of
the wavef'orm shown in Tige5l curve fj simultanecusly the junetion of Lypo and Lyl
falls in potential because of the coupling action of 05 and so do all the other
Junctions between the inductances Lyol, szcz, Lu03s Lilhe After a pericd egual to
the delay per section Cho5 charges up, then after equal interwals Cung, CLo7s CLOB
and C,09 become charged when CL09 is charged to l1.7. potential} {stroke I of Fig.5l
curve £ this is the end of the pulse. .

222. Consider now the effect on applying these pulses to the transformer Tiol;
the terminals 1 and 2 of this trensformer are connected across the delay network,
and the pulses which appear on the secondary of this iransfomer are the positive
and negative 1 micro-second pulses. The direction of winding of 15,01 is arranged
to phase-reverse the pulses ond these are applied to the grid of Vi03.

223, 'T™is valve is connected ss a sathode follower, its cathode load consists
of & delay network and its grid is permanently biesed sufficiently far to cut the
valve off. When the negative pulse is applied to the grid, this has no effect since
the valve is already non-conducting. The positive 1 mioro-second pulse corresponding
to the switching on of V,() however, raises the grid of Vip3 sufficiently to switch
the valve on, and the pulse uppears at the cathode. After an interval of approx-~
imately 2 micro=seconds it reaches the last but one section of the delsy, at the
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Junetion of Lyyj end Lyiss to which is connecbed the white Pye plug. From
this plug it iz supplied to the indisating unit.

ration of the helipht marker pulue ia
= o Lqm# Tuos etos dn the anole

224,  Thus we see that the shape and du
determined by the oonstants of the dalsy
eirguit of ViCol, and that it is iloyed 2 puises in the csthnds of V0% before
being passed on to the indicator. 'I‘rni& deley network s termineted by RLlh é"%w},
to its own characteriatle impedanse to aveld reflections.

225, ‘'The potentisl changes of the more importent points in this ohaln of
operations are glven in figs. 51 ourves these curves have besn simplified and
the pulses drawn $0 a distorted time sosle to show the maller intervals.

226, To appreciste the reascm for the delay in the cathode clreult of V03 we
have to congider exactly what happens when wo time the renge marker pulse from the
helght marker for the purpose of displeying slant renge mimms helght or increment
on the 10-mile range {sse pars. 28 above) end we will refer bsck to this after
we have consideyred the production of the ronge marker pulse.

tea in s sindilar

227, 'the Bange Marker.~ The rangs merker 28ju
4 arrangement i

marmer to the helght marker tuf a mhh&r sore elaboy g,
regaired becsuse of the three slternative renges. Vhet the range marker clrouits
set out to do is to produce & pulse which can be spplicd o the grdd of the F.P.d.
tube at some specific radial distence from thé nentre of the tubs on each soan so
that the reange marksr appoars as & ‘m dehiened cirele on the scane  The Punciion of
the valve Viof iz to time the @ the sean thet thiz hrlghtening takes place
and the function of V07 and Vion ha Lo Fashlon the awsiuel pulse so that it in of
suitable shape and duration.

228, As this iz not the only volisge which is golng to be spplied Lo the pgrid
of the F.P.I. tubse, arrangements hawe o be wade te mix in this pulse with the
output of the receiver proper.

229, Havig pow steted in gensral terms what we sre golug to 4o, we will consldey
i detall the oiroult arvengeswents used. First, the valve Vs, the timing walve,
has to time the ifrigpering of the mulil-ribpator Yo7 sod Vpf. This multl-vibrator
eperates with V407 conduoting for most of the dnterwnl bstween the priming pulses
w: the modislator. During the pericd from the comepcement of the initiating pulse
widich may be elther the priming pulse from the soduletor or & pulss from the height
merker clrauits, the valve V67 is in tne noneconducting states The intervel which
mist elapse untll it reverts to the ommducting state iz determined by the rete at
which the condensers VOim, Chgs snd 0431 oan charge up exponontially through the
revistances Big), eto. in the anods olroult of- Ving. Reference should be mede %o
Pigs48 for waveforms at these polnis.

230,  The movement in anode polential of VoS furlng this timing period is as
follewas Pirstly, Lts meximm level ls set by one of the dicde ancdes of V05 at
a little over 130 volts. When relay 4 ds in the wnepsrgised condition, the positive
pulse from the modulator after phase reverss]l in Tho0 beoomes negative and is applied
through 04,28 to the cathode of Vidée The valwe, which ls bissed by grid current
botwesn pulses in the same meymer as Vo1, oonducts and lowers the poientisl of the
anudn, The lower plates of the timivg condensers are connsobed to the diods and it
will be asen from the c¢lrouit that the potentisl of these can mover exoeed that of
the cathode decouple point to which they are connected through Ri38 nor can they
ever be much higher than the cathode potentisls. The diode ancdse polential therefore
follows that of the cathode during the negatiwe pulse but when this findshes and the
cathode potentisl rises ahove thet of the point to which it is decoupled, the dlodes
atay at the deocupling potentisl. By this means the overswing &nd bass loss affects
on the cathods are removed Prap the dicde snodes and so from the lowar pletes of the
timing condensers for & considerable pericd following the pulme. When the cathode
pobantial fallis the tricde portion of the valve conduota and the ancde potentisl is
reduced t0 within a few volts of that of the cathode. The potential of the ancde
does not fall as rapidly as that of the cathode as the tlming condenser has to be
discharged to the difference in anods and dicds potentials. i.e. from 150 volts or
20 down to & few volis.

231« A% the end of the 20 micrcsscoond pulse, the tricde is out off and the diode
potential rises to ths cathode decoupling potential. The anode follows this sudden
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rise very clossly sni then the timing condensers begin to charge through the snode
resistances. Az stated above, the anode potential then rises exponentially towards
the %00 volt stebilized supply line. Only the early part of the charging curve is
used so that the rise iz fairly linear.

232, The level at whieh V07 grid fires the multivibrator is determined Ty the
potential applied to the grid of V08 from & range zero adjustment in the switch
unit supplied through pin 5 of the &=pin W=plug and Ryik.

2%%,  As with the height marker pulse, & delay network is used for shaping the
pulse; this is connected in the anode clroult of Vo8 The pulse output is taken
t0 & cathode follower which is bissed beyond cutwoff so that only a positive pulse
is passed on to subsequent clrouitse Vin7 is awitched off from the start of the
priming pulse until the time at which the potentiel of V04 anode reaches the critical
potential for V07 grids V08 i3 on during this latter pericd and otherwise off.

The pulse shaping network is in the anode eirouit of Vi08 and consists of six
sections each having e delay of .092 microssconds. The delay is terminated hy a
reaistance of 4,000 ohms equal to its characteristic lmpedance and it is short
cirsuited at the far end.  When the valve V08 is switched on st the beginning of
the pulse, the ancde potential drops. The impedance in the anode cirenit locking
towards the terminated end of the delay is 4,000 ohms and it is scross this impedance
that the potentisl drop is milt up. The fall in anode potential creates a
potential difference betwsen the two snds of Lyi7 which siarts to bulld up current
drawing it from the shunt capacity at the junetion of Iy17 and LyiS.%®

234« An this cepacity charges a voltage is built up soross Lil8 which in tum
starts to drew current from the next condsnser in the series U335, This process
goes on until the lest indnctence Iypp starts to talte current from the supplys As
soon as L4p2 bas reached its full owrrent the potential acrosa it drops to zero and
CL36 becomes dlscharged and the remaining condensers are discharged sequentially as
the current reaches its final velue in each coll in turn. The final steady state is
with all the sondensera diascharged and V0B steady anods current flowing through the
inductive chain., The volbage drop in these is negligible. Thua we have produced at
V08 anode a sguare negetive pulse.

238, There are six sections between the anode and the shorted end of the network;
the negative pulse on the anode therefore lssts for 2 x 6 x .092 = 1.1 microseconds
beowuge it has to trevel to the end of the delay and back. Only five sections are
betwoen the input point for Viyn9 and the shorted end and the negative pulse applisd
to Y109 grid therefore lasts for 2 x 5 x «092 = »92 sdorossconds and is delayed by
the dslay of one section, f.es 092 mioroseconds after the anods pulss. When Vo8
is cut off, the reverse proness ocoours and a positive pulse lasting .92 mioroseconds
is paeasd to V409 This is the sotual operating pulse. The posltive pulse appearing
at the cathode of Vino has sn asplitude of about +8 wolts and iz mixzed with the
sigral output from the IF amplifier on the grid of Via1.

Bonge Marker Calibration

236, To anable the operation of the range markey control to-move the range marker
over the full length of the scan on each of the thres rengss, it is necessary to
have three alternative time constants in the ancde of Vung»  These are selected by
means of relays which are energised from the rengs switeh through pins L and 5 of
the 12wway W-plug and pin 2 of the 1B8-way W~plug. Relays arve labelled A and B in
the disgrame When i ils energised on the 10 mile renge, only Rysl is in ciroult; on
the 30 mlle range B is ensrglsed and A is unemergised placing Riqy, R,37 and Ri36
totalling 1.525 megohme in clrouit and on the 50 mils ranges all the resistances
totalling 5. 525 megohms are in ciroult.

237. On tha 30 and 50 mile rangss the timing is teltan Pran the medilator pulse
as explaived above; on the 10 mile range the range marker timing ls taken fomm the
cireults which produce the height marker pulse. The actusl point of comnection being
the mnode of Viope asccordingly, the condenser (4,28 whioh feeds the initiating pulse
te the cathode of V408 1o comnscted to Ve anode on the 10 mile yengs. When the

¥ Hote: This particaler cepacity 1s onitted a3 -a condenser forming part of the
delay end exists only as the irput capscity of Vipo.
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height marker pulse is being produced by the sudden fall in the potential of Vi(l
anode when it swings over to the conducting condition, the anode of V 02 riseas.
This rise in potential correaponds to the rising stroke at the end of the negative
modnlator pulse which it normally gets from TLO0 in the 30 mile and 50 mile
positions. The grid blas of Vios is maintained in the same mammer by the ourrent
charging it during the perlod that V402 is low.

238, The range marker is accordingly timed from the moment at which the height
marker is formed at V)01 enode. The actual moment at which the height marker
appeara on the height tube trace is delayed two microseconds in the cathode circuit
of V},oi- This means in effect that it appears a little further up the trace than it
otherwise would, depending on the spesd of the scan. No such delsy is introduced
in the production of the range marker pulse and therefore when this is nmoved down
towards the zerc end hy operstion of the range control, it can be brought down
into colncidence with the height marker pulse even though it is triggered from the
same circuit as the height marker. This is the reason for the inclusion of the delay
in the height marker pulse ocutputs

Course Marker

239, As we have previonsly stated, the orlemtation of the picture on the PoP.l.
tube is controllied from the DR compass. To show the pilot the actual direction of
flight in relation to the map which is locked by the DR campass to the true North
position, we produce on the map a bright line. The way this is done 'ia to brighten
at least one of the traces when the scanmer is pointing dead aheads A rather
elaborete circuit arrangement is used to achieve this result and it comprises the
condensers Ci,22 and Cu23 and the resistances RLE5, R4A8 and Rijg, together with the
first half of the dicde Vil10.

240. In order to brighten one treoe on the P.F.I, tube, we have to apply &
positive woltage to the grid of the P.P.I. tube. We ocsn do this by mixing in to
the receiver output a positive impulse of the required duration. One way in which
this oan be produced is to cut off the valve Vg at the suppressor grid hy the
application of a negative voltege exceeding sbout 25 volts for the required time.
On all the rcens the duretion of the stroke and flyback is sbout 1500 microseconds
and i? we apply a pulse lasting somewhat longer than this we should be aure to
brighten at least one scan.

241, The timing is obtained from a cam-operated switch in the scanner. 'The
shape of the cam is & semi-oircle ses fig.65 and it is arranged so that the contacts
are made at the mansnt that the secanner is pointing dead ahead. The contacts remain
elosed for sbout 30 seconds and then open for the remaining half of the revolution.
These contacts are connected through to pins 10 and 12 on the 12-way plug; pin 12
is earthed.

2424 In the switch unit there is & two-pole single-way awitch with "ON" and "OFF"
positions. This is connected to pin 7 of the 1l2-wey W-plug which conneats to the
switeh unite When the course merker facilities are required, this switeh 1s in the
ONY poaition and pin 7 ia connected %o +300 walts in the switch unit; in the "QFF"
position this pin i3 earthed.

243+ The suppressor grid of V4§ is connscted to the diode anode of the first half
of Viio, the corresponding cathods being esrtheds This diode anode is conneoted
thraugh R1e to 300 volts, It therefore prevents the suppressor prid of V8 rising
sppreciably above earth potential but it can, of courase, fall to any potential below
earth. Conslder the system when the course marker contaocts have just opened, il.e.
that pin 10 of the l2-wsy plug conmected to Rue% haa just been dlsconrnected from
sarth. Current will flow from the 300 volt supply through Riy3d, charying Cupz and
Cupze The time constent i3 1 x 0.1035 = 0.1 seconds approximately. During the
period therefore that the contamct in the scanner is open, these condensers will
oherge up to approximately 300 volts because the opposite sides of the condenasers
are conmected to esrthe 423 is connected direotly and Cnz2 through the diode V¢

Zhie  vhen the contacts close ()3 discharges through R gs, thd time constant is
1,000 % +1 miorofesonds = 100 microseconds so that within about 300 migrosesonds the
Junctiom of <Oz and Qu23 will be redused to very nesrly sero potential. This drop
of nearly 30 volts will be applied to the other plate of Oypy which was previously
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at earth potential, driving it down to the full extend of the voltage change

thet is to nearly -300V. As soon as the fall of voltage ceases, this side of

Cu22 will cammence to charge up from nearly =300 volts towards +300 volts through
Ry16, the time constant in this case being 1 x «0035 = 0035 seconds = 3500 micro~
seconds. The time taken therefore for the diode anode to reach zero potential will
therefore be of the order of 2500 microseconds, i.e. «7 time constant.

245 The suppressor grid of V8 is also connected to this point and it will
therefore be held down below a potential of =25 volts for a period camfortably
exceeding the repetition period necessary for the establishment of the course
markers

Signal and Merker Mizer

246. We have seen in the preceding paragraph how the course marker signal is
added to the cutput of the IF amplifier in the valve Vge The output of the IF
amplifier is a negative signal applied to the grid of this valve and we have Jjust
seen that the course marker is also a negative signal applied to the suppressor
grid of the same valve. The output from the valve which is taken from the anode
is therefore positive. The cathode is earthede Our problem now is to introduce
the rangq marker signel present on the cathode of V09, and it is done as follows.

247. Included in the anode circuit if Vg are the resistances Ry52 and Ry51,
together with a HF stopper 1§ During the intervels between range marker pulses,
V409 is ocut offe The effective anode loed of V8 is then RLS51 +Ry49 = 1500 ohms.
When the renge marker pulse occurs, the cathode impedance of Vi09 is reduced to
about 100 chms so that the effective anode load of Vg then becomes only sbout 1100
ohmse At the same time the cathode potential of Viyo9 and therefore the anode
potential of Vg is reised by about 8 volts for the duration of the marker pulse.
By camparison with the signals present, this is ebout two-thirds of the peek signal,
vize 12 volts. Vg anode is coupled by Ci41 and Cpy2 tO the grid of Vjiie N1
grid is connected to the cathode of the second half of the double diode Vj10 and
the corresponding anode is maintained by the potentiometer Ryg1, Riy62e

248, This potentiometer sets the minimum level of the potential of V11 grid
at +lek volts with respect to earths This level will therefore correspond to the
lowest potential reached by Vg anodee This will occur during the time that Vg is
most conducting, i.e. when it is not receiving rectified signals fram V7. This
period in practice corresponds to the period during each repetition cycle when the
receiver is suppressed during the transmitter pulse. The potential levels of Vi1
grid therefore will be as follows.~

(1) During suppression interval + l.4 volts
(ii) Range marker + 10 volts
(iii) Peak signals + about 16 volts

The valve V9 is comected as a cathode follower and the output appears at the grey
Pye plug which is connected to the cathode. The cathode resistance of Vi1l is R,67+

249. 'The actual function of the various resistances in the anode circuit of
V8 may be a little confusing at first sight. The supply of 300 volts is first of
all reduced in Ry15, decoupled by Ci21¢ This point may be regarded as the source
of HT supply. The resistance R,52 of 10,000 ohms should also be regarded meinly as
& dropping resistance because its lower end is connected through the one mfd.
condenser Cj)0 and the cathode resistance of V409, i.ee Ry,9 to earth. The real
effective anode load, therefore, is Rj9 plus the 1 ke resistance Ry5l. The voltage
movements of the various points in the circuit have already been deslt with in
para. 248 above.

Suppression Generator

250 It hes already been stated that it is necessary to suppress the receiver
during the period of sending the transmitter pulse. This is effected by reducing
the amplification of the valves Vi and V3 in the receiver to szero fo- the required
periode To do this we comnect the screens of V1 and V3 to the anode of the valve V)32
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During the suppression pericd this spsde %s reduosd to approximately zero potential.

-4 lead is tsken from the violet Pye plug which brings in the pulss from the
modulator to the delay network Lypy sto. This delay network is tesminaied at both
ends by resiatances Riy57, BLsf.

251e ‘The modulator pulae develops s voltege of about 16 volts across BL56 to
which it is applied; the pulse ocan be delayed in one microsecond steps up to 8
microseconds in the Gelay before being dissipated in the terminating resistance Ry57.
Between pulases the walve V)12 is bhlased by grid current beyond cut~off. When the
pulse srxrives, the velive is switohed hard on and the anode potential is reduced to
very nearly sero volts to effect the suppression as outlined mbove.

252« The tronsmitisr pulse tskes plosce izmediately after the erd of the priming
pulse from the modulator and the disturbanse created hy the trensmitier pulse is all
over within sbout two microseconds of this time. What we have to do therefore, is
to ensure that the receiver is suppressed over this erdtiosl periods If therefore
we set the control on the dslay petwork so as to delay the pulse by say L micro=
seconds, we shall sctually be suppressing the receiver by mesns of this 20 micro-
secand priming pulse frae sbout 16 microseconds before the transmitter bas fired
until ebout 2 miorcasconds after ite Pirings The delay ls adjusted in service go
that there is Just mot any break through from the travsmitter dinto the receiver.

Yoltage Stabilizer

253 Toe only remeining valve whish has not been copsidered in the receiver
unit is the valve Vious  This iz « woltege atebiliser to remove any low cycle
fluctuations In the HY supply whish ars not smoothed out by the nomal smocthing
condensers. The pripedple on which 4t cpersies de that the 300 volt supply is
applied to the anode of the valve threugh R,21 and to the grid of the walve through
Ch24« Considering the affect of agplying the supply volitage to the grid we msy say
thet sny fluctustions of woltegs will sffect the current drawn through Ry end
produce a voltage st the lower end of R42) 180 degrees out of phase with the input
to the grid :ad will oppose st the lower end of Ry the flustuations applied
directly throigh it. If the walues of Ry21 4s correctly chusen heving regard to the
valtege faoto: of the valve, { the: value demanded by theory is 1 ahms where g is
whe mutual conduotence of the valve). These fluctuations cany be made to cancel
#1081

Indieating Unit Tyve 162

25he The ciroult dimgrem of this unit 1s given in £ig.52 and details of
comporent layouts in Pigs. 53 to 55.

255, . In the indiesmtor wnit there ave 2 tubes, the P.P.I. tube and the height

tube. There is also an smplifisr for the algnals to be applied to the grid of the

»Fale tube, the time bese Porming~stage for the height tube and also the local
oaciliator which is inoluded in the indiceting unit box for comvenience of tuning.
et us consider flrat the way in which the output from the magslip stators produces
the rotating time bese on the P.P.I. tubs. The necessary voltages enter the
indioating unit threugh the Lepin W-plug, Wigg, ani are applied to 2 transf'omers,
T651 and Tgs2, The secondary windinga of these sre aplit and have their imers
supplied through & resistance network with the shift voitages; the outers, which
will be 180 degrees cut of phase with each othar, feed the actual saw tooth voltages
to the deflscting platess To compensate for varying sensitivites in different
tubes alternative teppings are provided by which the voltage applisd to the plates
may be adjusted.

256« The shift voltege which is really the mean IC level, ia applied to the
horizontal dsflestion plates frow the variable potentiometer VRA656 and to the
vertical deflection plates from the variable potentiometer VR557. These potentio-
msters in parallsl foms pert of & chain cannected betwaen +1800 volis and ~1800
volts, The horizental shift chain comprise shift adjuster VRgs6, Ryol, R702, R69L,
B695, B696, Rgg7, VRG55, R6eE, _R695, VRGsy, RE73 and Rgz, to =1800 volt line.

When VRG54 is adjusted the potentials of the two halves of the secondary windings
of Pgs1 are shifted in potentisl, one up and ons down.

- 257. A similar obein is enployed to operate the vertical shift ad Jjustment,
This feeds through VBgs57. R708, R709 and then on through the same chain to 1800
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voli nepative as for the horizontal ahift. The megnitude of the sawbooth applisd
to each palr of plates has slready been resolved inio sine 80d cosine components
in the magslip gemred to the scamer, and since theme two voltages are being
applied in the vorrect phase to both pairs of deflection plates, the result must be
to reproduce a rotating diametral soen.

Sigoal Amplifier

258, The signal with 1ts oourse marker, range mayker and bright-up pulse added
arrives via the black Pye plug snd is applisd to the cathods of the valve Vg53. The
signals take the form of positive pulses which sre amplified without chenge of phase
in the valve Vg51 and are applied Yo the grid of Vgsp. This latter walve is
comnected as o cothods follower with ita cathode loed formed by Ryzs, Rg]_g; and &73_;;
The signals are teken off from the junction of Ry733 and R7lg end applied through d
condenser Gé’?}‘, 40 the gri& of the PuP.ls. tubes o

259, The valve Yes2 is IX coupled to Y653 by Ryig and the condenser Cg7) is
connected soress this {o ensure trensference of higher frequancies. The grid is
maintained &t & suiteble level by & comection to the nspetive 100 volt line through
E718. 7This gives ua a coupling network cumprising & condenser snd veaistanse in
parallel, in series with & reaistanve. & similerly constituted network is therew
fore arranged in the anods of V653 comprising Rypg in series with Ryp, and Cg73 in
parallel. When the walues of compouents are correctly chosen, this arrangsment
ensures equal transference of all frequensies fram V453 anode to V452 gride

Height Tube

260 The time base on the helpght tube consists of & single vertiocal line and is
produced by the applioation of & sultebles mewtoothed woltage to two opposite
deflection plates of the fube. ‘These are supplied from two sesondary windings of
the transformer Tgse. the primary of which is fed directly frum the Zepin plain
Weplug which brings in the swwtooth sosmning waveform frow the waveform gensretor
boz. Tappings ave provided to adjust the length of the scen according to tube
senslbhivitr,

26k. Vertlcal shift¢ is provided by the potenticmeter VRGSS in a similer mamer
o that employed on the P.Fols ftubs.

262, Brightness control is obtained from VRgsz snd the diode restorer V658
prevents the grid of the P.F.I. tube rising sbove the lewel set by this controls
During the Llybaci perlod the geid of helght tobe is redused in potential by a
slroult arvangement oomprising U682, Ogay and R730 the theory of its cperation wey
be sxplained ps folloen.

Control of belpbt fube blaolk-ont

263, Ino order to black ous the bube dardag the flyback stroke, 1% 1s necessary
to apply to the grid of the tuhe a agquere wave fors. We have no convenisnt source
of such & weveform In the indlecator unit apd so we oblaln one by differentisbing
the sawbooth waveform whilch provides the acamning shrokd.

i
i

GAW TOUTH EQUARE WAVE
IRPUT L ouUTRUT

L J
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Fig. 59 Gemsyation of helght tube brightening
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26hs Looking at the transformer Tgso the terminal 1l provides & convenient
sourve of sawtooth voltege. Thias is appiied to the condenser (683 paralleled by
Cgae in series with the resistance R730. This resistance has a value of one
megohm and the other end of it is comected te the cathods of the tube. During
the rising stroke of the sawtooth the Junction of CE83 and Ryzp will be at a steady
potential corvesponding to the positive portion of the square wave (see £ig.59) and
when this sawtooth reverses ita direction this point will drop in potential and
rvemain at the value of the negstive part of the square wave during the whole of the
falling stroke. Connected to this junction point through the condsnser Ogyg and
the compamtively low resistance R7p9 is the grid of the height tube. This grid
ascordingly follows the square wave potentinl, thus allowlng the trace to be
brightered during the rising stroke but blacksd-out during the falling stroke of
the sawtooth.

Note:

265+ The-exact process by which & sawbooth waveform is converted to & square
wavefors Yy & condenser and resistance network may present s little difficulty in
following at firat sipght. Iet us however, consider the reverse process, l«e. the
csharging of s condenser by arranging for s steady sharging current to flow into it;
the voltage acrcoss it will rise at & steady rate, i.e. the waveform of the voltage
between the plates of the condenser will form part of & sawbooth. If we now reverse
the direction of flow so a2 to discharge the condenser the volisge betwsen the plates
will scmmence to fall at & uniform rate. This is the negative slope of the sawtooth.
A sawtooth valitage across a condenser say therefore be derdved from & positive and
negative steady voltage applied aliermately to the condenser with a resistsnce in
serdes with it. Comversely the application of & sawtooth waveform to & condenser
and resistance in series results in the production of a square waveform aoross the
reaistance.

266« Signels are spplied to the two horizantal deflecticn plates of the height
tube from the parsphase amplifier Vg50, V651, the receiver cutput combined with the
range marker and course marker pulses comes IProm the red Fye plug in the generator
box and enters the indicator unlt through the orange Fye plug and is applied af'ier
smplification through V550 to oane of the horigontal deflection plates. Owing to the
coupling between the cathode circuits of V650 and Vg51 the sume plates may else be
supplied through Vsl with the height marker pulse which snbers the indieator unit
through the yellow Fye plug. This plug is connected by a coesxial cable to the
white Pye plug ot the receiver unit.

267. Diode restorers Vgug and Vg57 are employed to prevent lateral displecement
of the scan by the aignals or by the marker pulses.

Logel Oscillator

268, The remsining two valves in the indiocating unit, V65, and Vg5g are merely
housed in the indioating unit for convenience in operating the squipment and do not
form part of the indicator se such. Thay are put in this box becsuse it is desirabls
for the operstor to be able to view his soreens while tuning the local oscillator.
Furthermore, there is a convenient aomurce of «1800 wolts which is uased to supply the
high tension for thy Klyatron velve.

269, The astion of this valve has alveady been described in 8P, 0169, Chapter 9
and also in SD.0L19. The cathode is supplied with s negative potential approaching
1500 volts and the reflector elestrode is suppiied with & variable potentisl having
a negative value in the reglon of 1500 volts from the potentiometer VRG50. The out-
pat s taken by mesns of a concentrie cable from the rhumbatron. The frequency is
adjusted by varying the volume of the rhymbatron cavity.

270. As may be seen from the cireuit disgram, the rlumbatron valve Vg, is
connscted in series with the resistance RG62, Rggy, the valve Vgss and the resistance
Rgs9e  The purpose of the valve V655 1s to stabilise the current through the
Klystron. The grld of the valve V455 ls fed from a potentiometer Rgel, RE55, R656,
Rgu7 and Rgs8 across the ~1800 volt supply. This potentiometar drews aboui «5 ma.
The ratio these resistance is such that the grid potentisl is approximately 50
volts ebove the HT negative potential and is decoupled to the -1800 volt line by
Cé50. The cathode resistance R653 is 8000 ohms. Dus to the current flowing through
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the velve, the voltage develcped across thia resistance is about 52 volts; and
the cathode therefore sits at 52 volts above the -1800 volt line. The valve is
aocordingly biazed about 2 velts. The oathode current is of the order of 6.5 mAs

271. The height tube and the P.P.I. tube have thelr verious electrodes fed from
two potentiometer chains connscted betwsen +300 volis and -1800 wolts, and +1800
volts and ~1800 volts respectively. 'The resistence Rgyz and Rgy), arve common to :
both chainss - The Junction of R473 and Rgy), has a voltage of approximately 100 volts
above the =1800 wolt line, and the screen of V555 is comnacted to this poind.

272+ Ourrent through the walve divides between ancde and scresn, the anode
eurrent being approximately 6mi end the soreen curremt .5 mis The anode ocurrent is
the feed current %o the Klystron valve. The action of VE55 is to maintain this feed
current at a constant value in spite of fluctuations in the value of the nominal
=800 wolt supply. Suppose, for inatance, thet this supply falls slightly, the
current through Bgsg will fall and the grid voltage applied to Vg55 between grid wd
cathode, i.e. the bias, will fall, allowing the valve to become more conducting so
that the resistance of the valve will fall and sampensate for the reduced HT supply
availuble. The reverse process will cccur if there is any rise in the voltege of
the 1ine, By this means the currvent la kept steady.

273« 'Thias steady current flowing through the resistande RGsiin parallel with
the varisble resistance VRgsg, csuses e constent vollege dvop scross this labier
and & selected frection of this woltage drop is applied from the slider of the
potentimmeter to the reflector electrode of Vonye The valup svailable 1s batween
260 volts and 400 volts negative to the cathode of the Xlystrony the minimam
reflector voliage belng set by the ratlo of REe2 to that of Rgel and YResp.in
parallels Cgr2 dsoouples the reflsetor electrods te the cathode of the RKlystrons

27k The eontrol VRE5D is mounted on the front penmel of the indicating unit and
is labelled "mixer current”. The meter which indicetes the IC component of the
current pussing through the erystal mixzer in the T2R unit is also mounted on the
indicator pepel. ‘This meter is coupled to the TER undt through pins 11 and 12 of the
18-way plain W-plug on the indlcetor, vis. the Junction box.

27% Tue comnection between the orystsl current and the reflector voltage is
asomewhat indirect and to undsratand how the alierstion of reflector waltage affects
crystal durrent and to see how the best sebting of reflector volisge oan be obtained,
the following explanation is given. As hes been stated in the peragraphs dealing
with the T2R unit, the IC cdamponent of the crystal ourrent is obtained by
reagtification of the output of the locel oseilistor. ‘The crysbel currens reading
is therefore sn indication of the joint performsnce of the crystal and local
opeillators IP it has been esteblished By messurdng the back=-to-froent ratio of
the crystal with an Avometer thet the orystal perforsence is wp o standaxd, then
the crystal surrent reading is evidently a messure of the subtput.of the locel
opeillator.

276. As VRg50 is opermted, the voltege on the reflsclor electrode of the
Kiystron is varied. This weries the apaoing betwmewn the electron bunches which
atrike the rlambatron orifice. The Klvetron will oseillate mest styrungly when
theae bunches are arriving ef exsctly the right intervels on thely return Journey
through the orifice to produce s field which is in phase with the fleld panerated
by them on thelr cutward journey (see Klystron cperation, 5.De(163, Chapter 9).
The oscilletion TFrequency is determined by the physieal volume of the rhumbatron
cavity. Slight changes in the power supply vodliage will result in slight changes
in the spscing beilween the tunches of electrans and the lmpulses will not be
applied to the resonant cavity at exactly the right moment $0 ceuse maximum feed
back of energye The smplitude of oscillation will accordingly die down somevhat.
The effsct of changes in the power supply voltage on the oscillstor amplitude cen
be minimised by carefully setting the reflector voliage.
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277. e relationship beiween crystal currvent and reflector voliags for
different setiings of the reflector voltage control is piwen in £igs60: Thia
figure shows that as the voltege wm the reflector is cresaed, the cryatal current
rises sherply to & meximon aboub 6 ms and then falis awsy rather more graduelly.
If the mixer current control therefore is turmed through the maximum position until
it arrives say at point B on the curve on the feirly fist portion past the maximm,
it is obvious from the shape of the curwe that small variations of reflector
voltage will not result in serdous fluctustions of the orystal current. Furthermore,
should a sherp fall din supply voltege coour, such as might happen due to a sudden
change in engine apeed, theyrs s no danger that the voltage will fall sufficiently
far for the ocsellistiems te die cute IF, hgmever, the equipment wers being
operated at the point A, & fall L reflector volisge might eaaily extinguish
oseillation.

278. The proseduye therefors in setiing the controls is to turn it slowly from.
its extrems ! bi-clockeise position in & clockwise direction through the peak
caclilation 12 & setting where the.meter reading falls gredually but is stable.

The peak shou d be about .6 mA and the stable resding obtained should be between
3 and o4 mhe

279« It is net deslrable that too great a locsl oscillator voltage should be
hgplied to the orystal mixer as this tends to gwamp the recelved signals. The amount
of energy transferrsd to the orystal mizer chamber can therefore be varied by
varying the coupling between the vonventric cable and the cavity at the loeal
osoillator end. PFrergy is withdrawn from the oavity by means of a loop attached to

the inner of the cable and projecting into the cavity.

280, The degree of coupling oan be varied by rotating the plane of this loop
50 ag to intersect more or leas of the field in the cavity. Adjustment is made by
lossening the screws holding down the clamping plate which in its turn secures the
plug fized to the panel. When the clamp plate screws are loosend, the plug, line
and loop mey be roteted together to adjust the coupling.

SCANNER AND HEADING CONTROL UNIT

28l. These two ilems of the HpS equipment will be considered together and with
them will be considered briefly the sction of the DR canpass.

282+ On the soarmer unit there is the scanner mirror and its driving motor, the
magalip for controlling the orientation of the picture of the PuP.I. tube in the
indicator, and the repeater motor which controls the position of the stators of the
magslip,

283 1In the scammer assembly, which during operation is contimially rotating,
arrangement has to be made to feed the tranmmitter energy through a concentric cable
pert of which is attached to the stationary part of the scanner assenbly and part
of which rotates with the seaming mirror. The method of trensferring the energy
from the stotionary coentric vsble to the rotating seotion is to use a capecity
sleevee This is ililustrated in £ig.66.



8.0:0296(1), CHAP,1

Fixed section of 2nd Edition

Jeint, feeding to
and frem TR

DIELECTRIC
DIELECTRIC

aiR AR NEA AN AR JAIR

5 N ’
A , D N .
AN LR Al

\ & \\\\\:\ § :\

- x B . - L8 NN N fe W
Rotating section of N b \Q‘:\\ VR
Jaink, feeding to, and ol NN I N

JTEN AN \W>1 X
a &

from the Aerial. iﬂ --\E\ST- \-\‘7\\\\

Pig. 66 QCapacity Sleave

284 A wave guide terminated by an orifice situnted at the focus of the mirror
rediates the R.P pulsess A probe is used 4o convey the energy from the concentric
‘eable to the wave guide which is rectangular in section. This probe which
sctually terminates the imner of the concentric projects into the aside of the wave
guide,

285. The motor driving the scammer is supplied from & 6~pin W=plug from the
power unit, pins 1, 2 and 3 belng paralleled %o the positive side of the 2h volt
aeroplane IC supply and pins 4, 5 and 6 being parsllelsd to the negative side. ‘he
megslip which 1s mounted on the scanner assembly is driven thréugh a 1 1 1 gear
from the scexmer driving motor and the zem for gperating the heading merker contacts
is mounted on the same shaft as the magalip rotors These units are shown on the
eircuit diegrem, fig.65.

286+ To vary the angle of tilt of the seanner mirror a eireular wedge is used
between the motor turntsble and the buok of the mirrors To ensure correct

aligrment engraved lines sre provided on the scanner table and the rotating mirror.
When assembling the thinnest part of the wedge must line up with both these lines.
Three holts mutually at 120 degrees. are used for fixing sod insorrect mounting
can throw the heading marker ot by 120 degrees on either side.

287 The other item of equipment which 1s mounted on the scanner unit is the
aompass repeater motor, type M. Before going into details &3 to how this operates,
we will give a short explanation of the cperation of the IR Compags.

2088, The DR Compass is & magneticelly controlled ooupass and the astual coupass
feedle is mounted in an instroment which oen be stowed awny in some part of the

aircraft which is remote from megnetic irflusnce {esge the engines).
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289+ In other parts of the alroraii where & caupass indication is required,
~amsll repeater compasses are mounted which derive their operating impulses from
the mester compass. The syatem wged 4o velay the direction of the master compess
needls to these remote indicators is wslled a repeater motor system. The repeater
motors are geared Lo the compsss cerds through a 60 : 1 step down ratio gearing
and are fod by & J-wire cuble fran the master campess. Py en ingenious system of
cams and contacts the compass repesters cen be made o take up twelwe different
angular positlons, il.e. positicns at every thiriy degrees round the canplete
circle.

7 2 3 s i 2

Pige 58 Prinsiple of the vepeater motor

2000 he way in which this is brought sbout is as follows - on the motor there
are three field windings whose mxes are mubtually inslined to each other at 120
degrees sy shown in f£ig.68. 'he inside ends of the three field windings are joined
together as shewn and either +24 volta or O volts or 2L wilts oan be applied to the
outer ends of the windings. The twelve alternetive positions are shomn in £ig.68, .
and the voltages which are applied in each case are as shown. These voltages arrive
via three transmission linss whioh we will call I, II, IIT. The twelve sets of
combinations we will csll cem position or arrengement 1, 2, 3 oue 12. The
application of positive, zero or negative volts in these different positions will
then be in sccordapce with the table given in fig.67.

27l. To see how the application of these voltages affects the resultant fleld
in the repesfer motor, let us exsmine a few of the altermative arrangementae.
Taking arrergement 1, we have that the winding comnected to red has positive applied
to it; that comected to black has also plus 24V applied to it and at green minus
24 is gpplieds The current will therefore flow in at the red and black connections
and oub at the green. If we cbiain the vector sum of the fields due to the currents
in the windings commected to red and black we find that this lies along the line
“eorrespanding to 00° and is Ip the same direotion as the field due to the current
in the winding connected to gresn. The rotor therefore sets in the direction
indicated by the arrew (3009). Considering now arrangement 2, i.e. red positive,
black zero and green negative current is flowing in at red and out at green and
there ia no field due to the winding commected to black. The fields dne to red
and green add up in the mspper indicated and the resultant is elong the 3309 line.
The reason for the directions of the resultant field in the remainder of the
arrangements can be worked out from the figures.

292, To produce these pouitive, negative and zero voltages, a system of cams
is used operating relay contacts, the whole being geared to the main shaft of the
master campass. This system of cams and sonteots 1s sometimes referred to as the
transmitter.
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233 Bince the power obtalnable from & single conpass needle is quite
inadequate to work all this mechinery, the master compasa has to incorporate
some system which will be atable in operstion and reasonably robust. The principle
of the gyroscope is employed for this purpose because its axis of rotation is a
comparatively steble thing in spaces

294. The system employed is to use an electrical relay circuit which, as it
were, interrogates the compass needle every six seconds to determine whether it
hes moved relative to its mountings, or to be more accurate, whether its mountings,
which are actuelly attached to the aircraft frame, have turned round due to a
change in the sircreftcourse whilst the oanpess needle has remained stationery
pointing to magnetic North. If there hes been relative motion in elther direction,
a correction is spplied magnetically to the gyroscope to pull it round in the
required direction, It is the position of the axis of the gyroascope which operates
through & system of auxiliary motors and gear the cams and pontacts which form
the transmitter to energise the repeater motors and dials in other parts of the
airoraft. Very steep banking in violent evasive aotion may destroy the balance
of the gyroscope and accordingly provision is mede for the direction of the
repeater motors to be reset after sush actione The unit used to perform this
function is the hesding control unit.

295+ We bhave slready sald that the repeater motor is geared by a 80 : 1 ptepe
down gear to the compass cards The transmitter cams in the master compass are
80 geared to the master unit scale that the compass card actually moves in step
with the motion of this scale. When we use ihe repeater motor to control the
position of the magslip stator windings which we do in the Ho8 equipment, as we
wish this to follow the direction of the compass needle we also introdace hers a
60 1 1 gesr.X

Heading Control Unis

296. ‘This undt contains what is virtually a hendeoperated transmitter motor for
turning the magslip stators by hand when it is desired to aet them at the COMMENncae
ment of & flight or after violent evasive action, as outlined above. Tt consists
merely of a met of cams which are all mounted on one shaft, though shown separately
for the sake of clesrness in the diagram, and & set of three contacts exactly like
the transmitisr on the mester compass. A mamusl-auto switch throws over the
circuit from contrel by this motor to contyol by the IR coampass.

¥ Full details of the DR campsss are given in A.P.1275B, VelsT, Jection 3, Chape7e
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INDICATING UNIT TYPE 162 REF. NO. 10QB/6010 2nd Edition
Cirouit Ref. Ref. No. Namenclature
L1650 100/11968 | Chokes, H.F. Type 424
0666 loc/uB71 1.0/ur. % 208, 450V
10c/11133 L.opP. 2 20%, 500V.
c662 10G/b214 G5 juPe %104, 2 KV,
c658 100/5974 +23 e £ 20%, 450V,
0663, 670 100/11952 | 5P I 20%, u50v.
C653, 65k, 100/14,801 «1 P 2 20%, 450V,
gé‘g: g‘ég: 10c/11127 | .1 P £ 204, 500V.
6735, 678,
c657 106/5975 | +05 upe & 20K, 450V
106/11125 | .05 P, % 204, s00v.
C67hy 6770 10c/1196 | .02 e X 20%, 2.5kV.
°§§§: 2?3: 100/5977 | -1 ur.  20%, L50V.

106/11123 «0L puFe ¥ 25¢, 1,000V,

c652 100/4276 | .01 mm  20%, 750V,
100/11123 | .01 /ur X 25, 1,000V,
c650, 651 10C/11960 | .01 Tl % 20%, 1,000V,
l00/11323 | .01 . 2 258, 1,0007.
c667 100/12772 | .01 ure t 204, 1,500,
c681 100/13238 | +0GI5 puBe 2 10%, 450,
o671 106/4190 | 001 uP. 2 20%, 500,
0682, 683 100/12778 | 50 sy I 5%, 2,500V,

104%/2919 | Right angled drive, through bevel whesls
for turning plunger on C¥67 fram front
panel. gpm 5% x 2% x 2" overall, with
spindle 24* x 3" dism. at right angles.

106/54214 +5 Ax{ = 10%, 2,000¥, paper, rectangulat
me

CABO.
SLE50 51/276 Leups, filamwent, 6.5V., 0.3 amp, M.E.S.
M.650 104713475 | Millismmeter, Type No O ~ 1 ma.
NO 650 10KB/928 Motor Unit, Type 15 Comprising motor,
blower and filter unit.
R664 100/10983 | 4e7 Mo & 54, dW.
1728 100/20247 | 2.2 M. 2 20%, 3w,

K701, 702, 100/927% | 1.8 Mo T 54, 1W.
708, 709.
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Oirouit Ref. Ref. No. Namenclature
R677 10C/10245 1.2 Ma & 10%, 3w
R671 106/9280 1.5 Mo 2004, 3w,

R663, 667 10¢/1098) 1.2 Mo £ 54, dw.

{2 in pamallsl

to form R6ET7)

R65G, 655, 106/9077 1M &2 10,
656

R726, 727. 100/1207 1M 2104 .

R713 100/6962 1M = 20%, .
R718, 719 106/7885 1¥ 25 4w

R693 106/9282 680K T 5%, fw.
R69, 695 106/9105 620K * 5%, Fw.
696, 697

R667 100/ GOOK 2 off 1.2 wpg, resistances in

parsllel

R687 106/8305 510K < 5%, v

RE57 106/641% LIOK % 5, e

R698 10G/87, 390K £ 104 .
w68, 670 100/ 9279 390K L s, b
HE65, 690 160/7950 270K 3 100, .

HE92 100/9261 1808 % 5%, 9.

R352, 653 106/927) 150K & 200, 2.

RET3 10676359 150k £ 207, L.
RE50, 651 Lo 7ELe 100K £ 2064, 24.
RESE 106/ 6429 100K < 29, 3W.
R672 100/1968 100K = 5%, 1.
RETh 100/ 6961 100K & 200, 4.
R73C 100/ 1303 100K = Bu, 4.
n7HL 1X/9166 SIK X Ba, Zhe
B678, 679 106/ 7907 4T * 200, ¥
R700, 706, 106/9284, L7R % 5L, .
707, Tihe
749 106/8154 LTK = 200, bW
Re86 100/9113 LTK - 5, W
662 1o0/9272 43K R 5, .
R&661 100/627 4 24K = Sy LW
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Cirouit Refs. Ref. Mo, Noamenclature %
R699 10C/8146 20k % 20m, M. }
R703, 70k, 710, 711 | 10C/9288 20K % 5%, W.
R724, 725 10c/1258 ok & 54, 1v.
R659 100/€367 8% & 24, 1W. *
R723 100/10985 LK £ b 1.
R732 106/9112 24K T 54, 3w,
R705, 712, 682, 100/6398 2x & 5%, .
688, 716, 717,
733,
REED, 04 100/6705 iK X 208, dw.
R691 10G/6654 1K * 20, /10w,
734 106/9252 270 omms * %5, iw.
R715 100/9110 220 chms * 5%, 4.
R721 10C/7860 200 ohms £ 54, .
R680 10076663 100 chms = 20%, 3W.
VRE55 100/9291 1 Meg. * 20%, 1¥. varisble.
YRE50 100/930% 1 Meg. * 204, 1¥. varisble.
YRE56 100/ 9304 1 Meg. * 20%, 1W. varisble.
VR657 106/9310 1 Megs = 20%, 1W. varisble.
YRE51 106/9312 500K X 204, 1W. varisble.
VR653 100/9313 500K £ 20%, 1W. varisble linear.
VRE54 100/9311 200K Z 208, 1W. varisble.
VRE52 100/93L, 100K I 204, 1W. varishle,
VR659 106/9315 5K % 20%, 1W. variable.
R6B1, 689 106/1820 10K * 5%, 2w, carbon, non-insulated.
1650, 651, 652. 10KB/929 Transformer
T653 10K8/930 Tranalormer
V650, 651, €53. 1oB/11446 Valves, Type VR6S. Screen Pentodes
V652 108/118 Valves, Type VEG7. Triods.
V655 108/587 Valves, Type VI60A. Output tetrode.
V65, 10R/CVET Valves, Type (V67.
CRT650 108/466 Valves, Type VCRL394.
CRT651 1CB/758 Valves, Type VCR517.
V658, 659% 108/1154,0 Valves, Type VR7B. Diode.
V656, 657. 108/105 Valves, Type VR92. Diode.
MODULATOR UNIT, TYPE 6) REF. N0. 10DB/956.
L 100/12116 LM~ 55
L2 106/12115 iH, - 154
c2 100/11281 o5+ o5 P 2 15%, 2.2kVe + 2.2kV. Wkge
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Circult Ref, Ref. No. Nomenclature
cl, C3, Gl0. 106/10823 | 1mP. = 10X, 250V., D.C. Wig.
c13 loc/2391 | .05  jaF I 108, 3.5V. Wkge
C4, C5, C12. 100/2448 1 uPf ¥ 108, 4LOOV. DuCe Wkge
L3, C11, R3l. 10DB/1254 | L.F Unit, Type 2 Tuned circuit to 25 ko/se
L3 100/12476 | Choke, L4 mH 2 5%, wound on 13" O.D.
former " long.
c11 100/4927 LOLuFe & 104, 350V, D.C.
R31 100/1847 | 2.2K % 20, 3v.
L Ce7 100/5022 +002 uPs 2 10%, 350Ve DuC. Whgo
8 106/51k | «0005uPe = 2%, 350Ve DiC. Wikge
.6 100/2017 | 40003 uF. = 2%, 350Ve DeC. Wicge
Sllvered mica, protected, wire ends.
9 106/4271 » 0001 juP = 10%, 350V. D.C. Wkge
Re23 100/8373 3e9M = 5%, e
.20 100/6115 10K, % 5%
Re2l 100/9475 338, % 55, ow.
Re39 100/1850 he 7R 2060, W
Rel9 10C/6476 1.2K. 2 104, 4v.
Re27 10C/96%0 160 ohme. ¥ 54, .
Re26 100/10494, 110 ohms. % 54, Hw.
Rl, R2, R3, Rh.| 10c/8225 DL £ 20, W,
R.18 106/6320 470K, % 204, iW.
Re16 10C/6840 looK. & 200, fW.
Re17 100/6838 22K. * 204, 3.
Rely 10C/1850 LeTRs 2 200, 3w,
Rel5 100/6322 W E o208, Y.
R.8 106/9481 68 chms, X 540, 1W.
R10, R11 100/6356 beTKe X 20%, 3.
or 106/8655 100K. * 204, 1W, Variable.
R22 10c/8373 309Me ¥ 54, W,
’3 106/10493 | L IM % 5%, 2.
R32 100/8225 WL 2 204, 1N,
R33 10c/9042 240K, % 5%, W,
R28 106/6083 1X. E 204, .
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Ciroult Ref. | Ref. No. Nemenclature §
B9 106/9926 | 6.8K. % 20%, W i
Re29 100/1089 3.9% I 104, 3¥. i
Re25, R.30 100/6927 47 ohms. L 20, .
Re3k, Re35 10C/1954 Resistance, Type 1954 :Y
Tk 10KB/807 Pulse, Tntervalve Transformer
Tel 10K®/1052 Trangformer, Input: BOV. A.C.
ms&ti 1114.V., 5»&!&; éq:ng T
4.2V, 2.5A;
29/16" x 2 5/16" x 13»
overall.
ve 10m/587 Valve, VIGOA
.DCD.WT.Vy, Vo | 10E/211 Valve, VU133
OR
108/ CV54. Velve, OV
Vi, s 108/92 Valve, VR9L
\¢} LOR/ VT3 Vaive, OV73
Vs 0B/ CVE5 Vaive, CVB5
POWER UNIT, 10KB/ 747
TYPE 280
CX303 106/11972 Choke, L.F. 353
5 He @ 10na 1¥" x 13* x 23", 2 fhdng
holes 3200 turns @ 37 SWG.
CK302 100/12899 Chokes, L.P., Type 420 2.6 H. @ 200 ma, 1KV
insulation. Ianinated iron core. 2100 turns
@ 33 5WG.
CR300, 301 106/11971 Chokes, LeF., Type 352 21 Ho @ 40md, D.C.
5500 turns of 38 SWG, "Presspalm® former,
13/16* square.
c302 106/N1IV B s L 106, LOOV D.C.
100/9806 8t 2 10%, 4O00V. D.C.
303 106/NTV 2 2104, 2507.
100/9382 2pf = 10%, 250V.
0300, 301 100/NLV Condener Juf t 10, 2,000,
or ‘
100/11975 Candenser, Type 3701
1puf - 10%, 2,000V
30, 10G/85V Condenasr: 1 /uf - 134, KOOV D.C.
or
10C/ 4,330 Gondenser, Type 2235, l/uf « 108, HOOV D.C.
MR300 §”°°’ ) 10pB/1177 Rectifier, Selenium. 2.23" long x #" 4 Bede
301 (W303.) threads.
MR302 Ewsoz,; 10DR/ 1488 Reotifier, Selenium. 13" long x %" diem.
303 (W303. 4 B.A. mounting threads, and side tugs.
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Circuit Ref. | Ref. No. Nomenclature

RY300(A) 10F8/651 Relays, Magnetio, Type 468.

RY301(B) 10p8/652 Relays, Magnetic, Type 459,
RY302(C) 10FB/653 Relays, Magnetic, Type 470C.
RY303(D) 10¥B/ 65 Relay 6250 ohms to operate on 4«5 mi H.V.

insulation, L.V. spring sets.
Left Eand:~ 1M.1B. light
Right Hand:~ 1 C/0 light.

RY30L(E) 10FB/655 Relay 1,000 oims to operate on 18V, Double
relay, H.V. insulations.

Left Hand:~ 1B. light, 1M. heavy.

Riagt Handi= 1 + }K. 1iaht.

RY305(F) 10FB/656 Relay 1,000 ohms coils, 18V min. operating
veltages Double relay.
Left Hand:= 2. heavy isA; 24v)

Right Band:= 1M. light (60mae 2iV)
R328 100/8192 2.2% ¥ 20%, 4w,
Rggg: gfg: 106/10785 | 500K = S
31, 332
R333, 338 100/1796 | 470K * 10%, 2w
R325 100/830% | 390K T 103, iw.
330 100/9126 | 390K - 10%, .
R309, 33 100/10786 | 300K & 5%, 1w.
R318 100/9649 300K L 24, W,
R334, 339 106/9276 | 250k & 5%
R326 106/9125 150K % 208, .
R316 100/6629 10K % 2%, 3W.
R329 100/8151 100K * 2%, iw.
R320 100/8173 33K & 204, 2w.
R32) 10c/686h | 33k I 20%, 1v.
R321 100/8782 | 27 I 10, 2v.

R313, 31 10c/8186 22K & 208, .
R307, 308, 10C/6706 ix & zo%, dw.

317, 31%.
R322 100/1830 10K & 205, 1.
R323 100/6595 | 10K = 204, 3W.
R340 100/9090 2.2K ¥ 5%, W
R300 100/9317 | 1.2k % 5%, 5w

R342 100/10932 | 680 chms ¥ 54, oW.
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Circuit Ref.

Hef. Ho.

Homenolature

Ri27
R35
500

100/6705
100/10788

1CKB/931

T302 10K8/932

301 10KE/933

303 10K8/93h

RECEIVER TYPE R3515 K. NO. 10DB/6060

Cli2, cuag 100/11958
Oh26, 440 110C/L8TA
or
100/11133
Ch21, 430 | 10G/11952
C400, LOL,| 106/4801
423, 421,
452, 453
o
lo6/1127
CL29 106/5356

cLo2, L28,1100/5975
463

or
106/11125
Clid 100/11953
Chh2 10c/11957
ou32, K10,1100/5977
L39.
or
10c/11123
ou22 100/11956
C431 100/6B72

Resistance, Type 6785, 1K.
Reaistance, Type 3574, 10 chms.

[P R

Transformer, Type 1113
Overload relay.
Primery:= 700 turns, of 32 BWC ensm. copper wire.
Sec e (i; & turns, 17 SWG cnam. copper wire. |

(3i) 4 turns, 17 SWQ enam. copper wire.
Transformer, Type 11l H.T. High Voltage.
Primaryi=- 80V, 500-2800 oycles per seconds
Secondary:~ 2,60V TMS 2 identical secundaries,
each with filement winding ,X, tepped om 5 turns,
23355 turns, 514 turns.

Transformer, Type 1115.
tad BGV ACe
Secondary:= LV 24, 1800V insulations :

Hezters

fransformer, Tvpe 1116
HeTe and RBins.
Primaryi~ 80V 4.C.

Secondary:~ (i) 5V 3h.
(41) 643V, 6As
(431) 310=30-0-30=310V.

2/F = 104, LOOV.
1 p t 200, 450V.
1P 2 205 500V.
«15 P f 204, w50V,

LpuF 3 20/ L50V.

"L 2 205, 500V
1P = 55, 450V,
-O5AF 204, L5OV.

«05uF £ 20,4, 500V,
-5 uF = 57, 450V

- 023 L 204, 450V,
.0L P 204, y50v.

+OL pu I 254, 1,000,
+0035 puF L 100, LS50V,
230, 1 24, 350V.
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Gircuit Ref. | Ref. Now Nomenclature
cL61 10C/4798 150 = 24, 350V,

CL03, 462 10¢/5989 35 /:tnF' - 24 350V,

CLOB, = 10C/11965 Induetance - Condenser Unit, Type 29

CLO9 2 ynits on single mounting
(1) Single transit delay of 1 ud

and charascteristic impeda(me of 2,000 chmss
{41) Single trensit delay of ¥ uS and
characteristic impedsnce ‘érf 4, 000 ohmss

0311 - CL20 | 100/11966 Indnctance - Condensey Units, Type J0.
Single transit delay of 2 /us. and sharsoteristic
impedance of 270 chma.

ChiS - CLBL | 10G/11967 Inductanse - Condenser Units, Type 31
Single trensit delsy of 8 /uS. and
characteristic impedance of 1,000 ohma.

1h 106/11962 74 turns, 30 SWGe
11, 2, 3, 6s 10C/1052 85 Micro-ienrdes, 195 turns, 41 SWC.

L5 100/11963 85 Micro-Henries, 195 turns 41 SW(. eureka.
17,8,9,10, 100/1196k 8 tappings, 7 sections, 44 turns in each,
11,12,13 20 SWGe enamelled coppers

61,4,6,7,8, | 100/6192 L0023 mPfds E 200, 500V,
9,10,13,13,
15,16,17,18,
19,20, 21,22,
23524, 25,26,
27,28,29, 30,
31,352,335, 35,
36,37, 38,40,
by b2y 15y by
&5}106:1471}-&8'
02,5,12,1ke , 100/5983 OO0 mfd = 2,0, 350Ve
0%,5% 100/5356 ol omfd I 5., LBOV.
C3l 106/31937 5 pirde & 5u 750V Bilvered mica, tropical.
RGO 100/1823 1 TBK L 54 26
b
R5e 100/7057 LOK 5 2, e
159 10010784 36K & By 1Ws
H55, 56 106/1005 276 L 5 M
163 100/9087 2K L 5., .
BEL 100/B186 22K 3 20,0, Fie
0, 21 100/9082 20K % 5oy 1is
w8, 37. 106/8092 15K & 54, z¥.
B33 10C/9253 15K 2 20,6, &¥a
B40, 50 106/6623 155 & 200, ¥
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Cireuit Ref, Refs Now. Nomenclature
R25, 26 100/1955 10K % 204, W, %
16 100/9081 | 10K % 54, 1W. i
RS 100/728L4 | 10K 2 24, $4. f
R29, 45 100/930 6.88 £ 5%, W.
Wk, 624 100/10346 | 6.2K * 5%, W.
R22, 38, 100/8766 506K % 5%, iWe
R30, 4. 100/6937 3.6K 54, AW
R2, 8 106/1980 3K = 54, ¥
R51 100/1115 X 54, dw.
R 106/8332 1.5 2 5%, .
R7,9,10,13, 1001867 | 1K 2 20%, iw.
14,17,18,
27,28,32,
35, 36,39,
43,044,439,
52,53,57,
58,
Biy15,2h, 3, | 10071038 | 180 ohms X 10K, .
42,48,
Rl 100/851 ‘51 chms £ 5%, W,
ﬁnﬂ,ﬁ-’la
114, 15 10%B/912 1 Pransformer Type 1094
116,17 10KB/913 1 Transformer Type 1035
118, 19 and 10EHB/914 2 Transformer, Type 1096
122, 23.
120, 21 and 10KB/915 2 Transfommer, Type 1097
L2k, 25.
L28, 27. 10KB/916 1 Mrensformer, Type 1058
v7 108/105 Type VR92. Diode.
Vi, .5‘2, 3, 4y 108/11446 | Soreenad Pentods. Type VEES
’ L]
\:] 10%/11399 VR 53
RY,00(A) 101’5/6:50 g%:yn, Nagnutic Type L67.
RYLOL(B) 10FB/667 Relaya, Magnetic Type LB2,
RA25 106/9115 | he7M 2 20%, #W.
R435 100/9075 ZM 2 2% aw
RA34 10C/9073 1.58 T 2%, 1w.
Rhbdis 453, 100/6605 | IM % 20%, .
&0, 407,

s 458
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Ciroult Ref. Refe Koe Namenclature
Ry16, 418, 100/7364 | W L 5%, d.
Ri37 100/9017 XL i,
RLEO 100/9123 510K & 5%, dw.
BA0O 106/6754 | 500K ¥ 2%, w.
RUGY 100/6589 | 500K * 14, w.
RALY 100/9353 | 350K ¥ 2%, W,
B33 loc/5072 300K ¥ 204 1W.
RA3L 100/9120 | 240K * 5%, .
R420 100/9069 200K % 2%, 4w,
Y30 100/9119 9K t 59, 4w,
RL27 100/9116 ik £ 5 dw.
R0 106/9113 | 47K ¥ 5%, 4w
BL28 106/9117 39K £ 54, dw.
B426 106/9071 35K 2 24, .
RS0 106/6148 30K % 54, FW.
Riy36 100/6756 25K & 29, dw.
R439 100/1551 | 20K % 54, 4w,
RLOB, UWh43e 10C/1916 15K - 5%, 2w.
%23 10c/9355 13K % 24, 1w,
R452, 463 100/6595 | 10K % 204, dw.
RisOls 100/7957 | 10K & 10%, w.
Ri22 106/9070 | 1K 2%, 1w,
RL29 loc/9118 Te5K % 54, iW.
R438 100/9122 | 51K I 5%, w.
RL59 100/8143 | 47K E 204, iW.
Ru62 100/912k | 4eTE T 5%, dW.
Ru45 100/7059 | 4K % 2%, .
BL56 100/6401 3K E o5 dw.
RLO3 100/5112 2.4% T 54, AW,
Ri42 100/6398 2x 54, dw.
R409 100/7042 2x ¥ 2y, dw.
R4BE 100/10292 | 1.8k * 104, 4w.
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Circuit Ref. Ref's No. Nomerielature
RL55 106/6393 15K * 54, 3W.
R405, 4,08, 100/8762 1K T 204, 3w
A1, 424,
4hl, Lhd,
465, b5k,
445,
Rh51, 457 106/1678 1K ¥ 54 .
RLLY 10¢/91.07 510 ohms ¥ 53, iw.
R4L, 106/9252 270 ohms = 54, %
Wl5 10G/9110 220 ohms = 54, $W.
R432 loc/9121 180 chms I 104, W,
R421 100/9251 140 ohms ¥ 235, FW.
8400 10MB/665 8.P. 9 way, single wafer.
o2 10KB/917 Heater transformer.
méz BOV- 1400"2800 Colie S
Sec. Iy G-BV’ a5 As
6-3?, 3-5.A.o CeTe
643V, 2,04, CuT.
TIO0L 10KB/919 Pulze 1:1 trensformer
Pydima. 160 turns
Sec 80 + 80 turns 39 SeWo G
tween 2 secomdaries.
100 10KB/918 Pulse 1:3 transformer
Primary 200 turns, 35 S.W.Ge
"‘ﬁmc 300 + 300 turns 35 S.W.Ce
1ty between 2 secandaries.
V403, 4Ok, 108/11446 Screened Pentode. ‘Type VRGS
411, 409
Vu40l, 402, 108/11402 Screened Pentode, Interpational octals
ioﬂ'h Wp me méa
124
V400, 405, 1081400 Double diode~triode, Intermatiomal octal.
2;06- me VR55‘
TRANSMITTER RECEIVER, TYPE TR.3191 REF. NO.lODB/1003
V410 10B/10,00 Double diode, Intermational octal.
Type VRShe
¢100 106/11959 «05uf 2 204, 1000V D.Ce
V100, K106, 10AB/1791 Valve OV43 with heater.
R107.
R0l 100/8225 1 Meg. % 204, w.
RLOO 105/9599 L3K I 54, 1w.
R105 100/9142 LK % 154, 20W.
RLO2 106/950 75 chms = 5%, .
T10L 10KB/889 Transformer, Primary: 80 volts

Secendary: (i) 4Ve (ii) 6.3V
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702 10KB/890 Trensformer: Primary 40§ turns of 26 SWG.
anam. copper wire.
Sec 1 70 + 70% turns of 32 SWG. onam,
copper wire 3kV. input; Output vis 133"
matched braided output conduetor.
041 filled version in sealed container.
7101 1cE/Cvay Valves, Type CV6L.
vio2 10E/146 Valves, Type VU1l
V103 l08/ovicl Yalves, Type CV10L
vi25 108/386 Velves, Type VR136
WAVEFORM GENERATOR TYFE 26 REP. No.+10v13/600u
C500 10C/5977 .01 mfd £ 208, 4L50V.
o501, 514, 515,{10C/4801 0.1 md. ¥ 204, 450 V.
510, 517’ 5250
€502, 512, 100/5974 0e23 mPde = 204, 450 Ve
€503, 509, 511,}10C/L871 1 mfd T 200, 450V.
526’ 527i
C50k, 505, S506,|106/11935 LOL mfd = 1%, 350 Ve
and 5070
C508, 535. 100/11952 Cel5 mfa I 2006, L5OV.
€525, 513 106/1297 <0005 mfd £ 25, 350 Ve
c516 10C/5795 Q5 mfd T 200, 450V,
c519 100/11953 0,05 mfd L 54, 450V.
£520, 530, 529.]10C/2003 01 mfd 2 106, 450V.
c522 100/ 3526 0. 001 m#d £ 204, L50V.
c521 106/5975 0,05 mfd I 20%, 450V D.C.
2.06/4190 .00L mfd = 204, 500Ve DuCe
o524, 532 100/ 5356 0.1 mfd £ 54, 450V.
c528 106/11936 50 pfd = 14, 350Ve DeCe
c531 106/2890 1 mfd & 104, L50V.
€533 106/1195, | 1 mra > 5% LSOV.
534 100/11955 | 0.15 mrd 5%, 450V,
¢518, 539 100/5782 0.0015 mfd * 5% 350V.
0538, B.M.I.  [10C/10887 | 6 mfa = 104, LOOVe
version only.
or
R.P.U. version }10¢/3128 2 mfd = 104, 400V.
onlys 3 used in
mmll&l-
50021:3 and 10¥FB/ 725 Relays
50L(M
R500 100/6a7L | 220K % 200, FWe
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R50%, 537, 552,| 10C/68L0 100K * 204, .
555
R502 106/9057 750K T 24, W
R503 10C/7282 2508 & 2,6, IWe
R504, 515 100/9464 36K * 5 W
R505 106/9356 24K & 5%, 3.
R511 100/9058 27K £ 14, AW,
RS0OT 100/9059 18K & 14, V.
RS08B 10G/9060 20K = e, $W.
R509 105/7572 Lok 1%, .
R510 100/7057 LoK + 2%, W
R5L4. 1006/1207 1 Meg. ¥ 1034, 3W.
R516 106/9001 15K & 1w, 3W.
RE17 10c/9062 35K & 1g%, AW,
R518, 52k 100/9245 50K * 1%, ¥.
R519 100/9601 3.3k T 5%, 4w
R520 100/84,18 1.5% 2 5%, ¥W.
R521 10C/9468 2.2k L 54, 3.
R506, 522 100/9063% 25K t 14, .
R523 100/754 560K T 105, W
10/9064 0K T 1%, 3.
R526 1r/ 10496 | 270K I 54, 3W.
R527 100/2848 2.7K L 5%, 3.
R529, 550, | 100/6322 1 Mege = 20%, V.
553, 560,
561, 569
100/7525 150K & 2%, 4.
100/6754 500K L 2%, $W.
100/8342 250K L 1%, 3.
R534 100/6758 350K = 1%, .
R535 10C/7048 Lok T 1%, L.
R536 100/7828 150K * 20%, W.
R538 10c/ 7466 2.2 Meg % 20%, W
R539 106/1001 2K & 5%, L.
R540 100/6838 22k X 204, #W.
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B5id 100/6115 100X £ 5%, fw.
RS543 100/6319 | 680K I 20%, ¥,
100/6629 | 10k T 2%, i,
For Replace=~ | 100/9069 200K % 2%, {w.
ment if nece- 100/9603 | 2k T 24, jw.
ssary, on  |100/6617 | 50K - 2¢, V.
test, of 100K 100/6756 25K = 2%, §¥.
2%, 4w
Hayes Type
72511 R
Y00/755 | 150K % 2%, W
100/9625 | 75¢ = 2%, 4.
R5L6 100/6083 | 1k I 20%, w.
R5L7 100/9602 9.1k & 5%, iv.
R548 100/775h | 47cdms T 208, ¥,
R549 100/1619 300 ohms I 5%, dw.
R512 106/6475 20K < 54, .
R556 100/8389 | 68K I 5%, dw.
100/9065 | 4ooK ¥ 5%, dw.
R567, 568 100/777 10K © 5%, {¥.
R559 100/9603 | 120K * 5%, W.
R563 100/6597 | 250K % 5%, iW.
R562 100/9604 | 620K £ 5%, dw.
RS 100/56 20K T 5%, 2%,
R566 100/1109 | 1k 2 5%, .
R568 100/2051 | 7.5k * 5%, 1¥.
100/1299 | 15K 2 5%, M.
R572 100/9066 | 1.5 Meg. = 24, iw.
RS73 100/9592 | 1.3K 5%, 4w
B575 100/1844 | 510 chms I 5%, W,
R576 100/670 130 obms £ 5%, 4w,
B5T7 100/8724 | 68 chms L 5%, V.
R580 100/9583 220 ohms L 5%, 3.
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Circuit Ref. Ref. Ho. Nomenclature

R581 100/7756 62K 2 5., Wi

R582 100/930 1 Mege = 5., $W.

R586 10C/6615 1 Mege = 2,0, V.

R587 10c/9067 2 ilege ¥ 20, Hi.

R554 100/7669 2 Mege = 20%, %W,

R523 10C/ 75k 560K & 100, HWe

R551 106/927 220K £ 10,0, $We

R558 100/6079 10K * 200, .

R585 10c/8192 2.2 Mege = 200, ita

R584. 100/6705 1K % 205, 4.

R513 106/9619 55K % 2,0, e

R500 100/ 613 25K % 20,0, 1¥.

7500 10KB/911 Transformer, Type 1093

Primary: 80V 1400- 2800 os/sec.
Secs: Zelb50w3e15Ve, L4;
3- 15‘0‘3. lsVo » 2.&.

T501 10¥B/910 Transformers, Type 1092

Primary: 3200 turns, 42 5#G ensmelled
copper wire, plus 3200 turns
38 BWG enamelled copper wires

sec: (i) 800 + BOO turns 42 SiG.
enamelled copper wire.

(ii) 265 turns 31 SWG enamelled

copper wire + 265 turns 31
5iG enamelled copper wire.

V50k, V505, V506, 10B/11446 Valves, VRES
VY507, V508, V512

V500, V501, V5034 108/11402 Valves, VRS6
V502 168/135401 Valves, VRE5
V509, V510 108/11400 Valves, YRS
511 108/266 Valves, VE1lé
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