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CHAPTER 1 - OUILINE OF THE H.Z2.5. SYSTEM

The Functions of He2.S.

1. He2.S+ is & Radar device carried in sircreft to produce on a cathode ray
tube 2 ploture of the area aver which the alrcraft is flying. By comparing this
cathode ray tube display with target meps the He2.5. operator can identify coest-
lines, lakes, large rivers, built-up areas and large man-made structures. The
centre of the display will always represent the point on the earth's surface
directly below the aircrafts From his identification of indicetions an the dis-
play with points on his target map and by using the appropriate controls and
markers, the H.2.S. operator can do the following:-

a) PFix his peeition.
b) Deterwine range and bearing of built-up areas.
¢) Home onto targets for blind bombing.

2. By means of a second cathode ray tube and an associated marker and control
the height of the eiroreft above the earth's surface can be determined.

3 When the appropriate adjustments have been mede fhe. ground sj:ead of the
aireraft can easily be determined fram the movement of indlcatlcns acroas the

main He2.5. diaplay.

o If an additicnal unit comprising a 1.5 metre tramsmitter and suitable
receiving atages is inoorporated in the He.2.3S. installation the equipment can
be used for homing on long range beacons and blind spproach runway beacans.
This additional unit 1s called Luocero. '

Se Another indicating unit oan be :m}:orpara.ted in the H.2.8. installation to
show the range and azimath bearing of alrcraft appearing in e hemisphers below
the airereft. The centre of this hemisphere will be at the sircraft and the
radius of the hemisphere will be equal to the aircreft height. Fran the move-
ment of an aircraft indication on this displey it oan be ascertained whether
the alrcraft ia friendly or hostile. This indicating unit is cealled Fishpond.

6. It follows franm our preceding paragraphs thet the He2.5. installation
including Lucero and Flshpond is sinmltanecusly:=

a) An extremely versatile navigational aid.

b) A blind barbing aid.

¢) A warning device which can reduce the danger of collisions
with friendly aircraft and give warning of attack fram
enemy aircraft provided the attack 1z not made fram above.

Aside froam Lucero epplications the equipment is self-contained in the aircraft
end is therefore not subjeot to the range limjitations inherent in equipments
dependent on ground transmissions.

The Nature of the H.2.3, System

T Before proceeding to atudy the essentials of the He2.3. system we may
profitably consider an analogy frum the field of ocptica. We may imagine a
revolving lighthouse sending out its narrow, intense beame  If the lighthouse
stands 3till this beam will illuminate a sector cn the ground or the sea. Ir
a ship, a building or an aircraft appears in the beam some of the light will be
reflected. If en opsrator is stending behind the light he will be able to sece
these objects because light is reflected from them to his eyes. If the light
is sllowed to rotate through 360° the beam will, in the course of one revolution,
1lminate a circular area of the earth's surface with the lighthouse at the
centre of the cirale. Any objects ceusing reflection as the beam crosses them
will then be cbserved once in every revolution for the duration of the interval
of illunination. This interval will depend on the width of the beam and the

rate of rotaticn.

8.  The He2.8. installation in an aircraft is very similar to the lighthouse.
A suitable modulator pulses a magnetron trensmitting wvalve at a recurrence

froquency of 670 ¢/s. The magnetron develops bursts of R.F. of 41 microaecond
duration once every 1500 microseconds. Far Mark IT He2+38. & megnetron is used
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that develops a wavelength of about 9 cms. - For Mark III He2.5. & different
magnetron is used which develops a wavelength of approximately 3 ams. The

1 miorosecond bursts of radio frequency energy are radiated fran the flared
mouth of a waveguide into a pereboloid scamning mirror, or scanner. The
mirror concentrates the energy into & narrow beam which is rediated out into
spaco. This beam "flashing™ at 670 o/s. serves to "illuminate™ & narrow
gector of the earth's crust with invisible radiation. This invisible radio
frequengy radiation differs fram visible light only in the wovelength emplcyed.
Like visibtle light it travels at a speed of 186,000 miles per seccnd in space.
This is equivalent to a speed of 5.35 microseconds per mile. Hence if the
transmi tter radiates a 1 microsecond burst of energy into apace en electro-
magnetic wave travels outwerd et a speed of 5.35 microseconds per mile.

9. When this burst of energy strikes s horizontal surface most of we
energy is refleoted away fran the airoraft. Hence, quiet water will give
negligible reflection back to the aircraft. If the radiation strikes rolling
country saune snergy is refleoted back from slopes, - farm buildings, ets. In
the seme wey, when the sea is rough same energy is reflected back fram the
sides of the waves. We thus get returns which we call general sea returns or
genearal ground returns. If the beem strikes steep cliffs, the vortical sur-
faces of large buildings, or a large pumber of vertical surfaces in heavily
built-up areas, an appreclable amount of energy mey be reflected back to the
sircraft. If an airoraft flies through the H.2.S. beam it will reflect back
a quantity of energy depending on its size and orientation with respect to the
Ho2.S. besm. Hence, we may swmarise by saying that the He2.5. beam wili

experience;: -

Very little reflecticn from quiet water or flat open country.
Limited amcunt of reflection froun rough water ar rolling country.
Sanewhat heavier reflection from surburban areas.

Appreciable reflection from steep cliffs, large structures and

heavily bullt-up areas. ,

0 O

10. Since the speed of the electramagnetic waves is 5.35 mioroseconds pe
mile the 'echo time'! is 10.7 microseconds per mile. Hence the time interval
that will elapse between the instant the tranemitter fires and the instant the
“echo returns will always be given in microseconds by multiplying the slant
zange of the reflecting cbjeot Ly $10.7. An echo fram & target at a slent
range of 40 miles would then return in 40 x 10.7 or 428 microseconds.
Obviously, all echo times must be proportional to the slant renge of the
reflecting surface. This is the funiamental principle employed in Redsr to

measure the range of reflecting surfaces.

The Height Tube Display

.41+ Range indications are normally displayed on scme form of time=base. Every
Radar Mechanic is femiliar with the usual deflection type of display. An electr
stream emitted fran the cathode of a cathode ray tube passes betwesn deflecting
plates. When both plates are at the same potential the clectrom atream passcs
down the oontre of the tube. If the stream is sufficiently intense it will
cause the fluorescent screen to glow with a colour characteristic of the screen
material. By mesns of a focussing adjustment the eleciron stream can be made
to converge to a fins point so as to cause only a bright dot at the genire of
the soreens If ocne deflecting plate is given a sultable D«Cs potential the
beam can be deflected to cemse & spot at the side, top, or bottom of the fube
soresn. If now a sawtooth voltage is applied %o the defleoting plates to drive
the ons plate positive and the other negative the electron stream is deflected
and ‘the bright spot will sweep acroas the screen to develop a timebase. If the
8pot travels acrosa the acreen at a oonstent velocity we say the timebase is
linsaxr. If the velocity varies the timecbase is non-linear. If we convert
radio frequanqy echoes into video pulsea by means of a suitable receiver aml app
these video pulses to a pair of deflecting plates at right angles {o the timebas
plates, these pulses will deflect the elegtron streem for the pulse duration to
give the familiar deflection presentation. In order that the resultant defleoc-
tions or "blipa" may remain staticoary they must sppear at the same point in the
timebase sweep for each trensuitter pulse. Hence 11 is always necessary to
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synchranise the trapamitter and the timebase. If the timebase sweep begins
when the transmjtter fires the first blip to appear on it must be the echo from
the nearest reflecting surface. This will be the ground echo fram the point
on the earth's surface directly below the aircreaft (if we neglect echoes

other aireraft). If the timebase is linear, ie.e. the cathode ray tube spot
is travelling at a uniform velocity, all blips will appear at distances alomg
the scan whioh are proporticnal to their echo time, end hence proportional to
their slant range. Such a diaplay is used on the He2.5. height tube, which
uses a vertiocal scan running from the bottom to the top. Echoes appear as
deflections to the right. Since the tranamitter fires 670 times per second

there must be 670 sweeps of the timebase per second.

12, We have atated that the H.2.8. beam is narrow s0 as to illuminate only a
amall seotor of the earth's cruat at ope time, Hence, if the scamner is

. stationary the height tube timebase can only show deflections due to targets
lying in the illuminated sector. In operation the scannar will normally be
rotating at 40 = 60 rep.m. If we assume the speed to be 60 IePeme OF 1 IePesS.
the He2¢3. beam turns through 360° in one second and in this time the timebase
will make 670 swoeps and the transmitter will have sent out 670 bursts of radio-
frequengy energy, each of 1 microsecand duration. As the scamer turns the
narrow He2.8. beam illuninates different sets of targets or different parts of
large targets on successive pulses. Hence the height tube display will not be
ateady ut will show deflections rising anmd falling at different points alomg
the timebames as targets at different ranges pass in and out of the beam.

Such a display, obviously, is not sultable for target identification purposes.

Measurement of Height

13. There will, however, be one echo that remains steady as long as the
aircraft height remaina conatant. This is the ground echo from directly
below the aircraft which ocomes in o each transmitted pulse. Ita distanocs up
the treace will be proportional to the aircreft height. To prevent over-
loading on strong transmitter breakthrough signals the I.P. amplifier of the
He2.3. receiver is muppressed for 20 microseconds in every 1500 microseconds,
the suppression period terminating at the end of the trsnsmitter pulse. Hence
the timebase showa a 20 microsecond blank aseotion. At the end of this
suppression break the scan may show a deflection to the right which 1s the
tail of the transmitter pulse. Peyond this signal there will be only valve
noise until the ground echo appears as a bulge to the right. A height marker
pulse ia generated in the H.2.S5. set which appears on the height tube display
as a dofleotion to the left. This height marker blip can be moved up and
down the timebase by meapns of a height control on a second unit at the
Navigator's table, termed a switch unit. If the height marker blip is set to
the beginning of the ground echo bulge, the aircraf't height above ground can
be read fran a calibrated soale under an index line. If the aircraft helight
ohanges the echo time for the ground echo changes and the ground echo btulge

on the height tube display moves aoccordingly.

Requirements of Display suitable for Target Identification

14s We have seen how the height tube display can b¢ used to give the H.2.5.
Operator the height of the aireraft above the earth's surface but we have
concluded thet the deflection type of presentation is not suitable for target
identification. (bviausly, the type of diaplay required is one which can be.
most readily compared with a target map. Suppose that we can arrange to have
the height marker trigger & timebase circuit which causes the eleciron stresm
to travel frou the centre of the tube to the circumference. If the height
marker is set to the ground echo then the height marker triggers the timebase
at the instant the ground echo reaches the alrcrafi. The centre of the dis-
Dlay will then represent the point direotly below the airoraft. This means
that the acan will not camence when the tranamitter fires tut after a time
intervel equal to the echo time of the ground echo. Let us suppose first
that our radial timebase sweep was linear. Echoes from targets would return
at time intervals after the tranamitter firing which would be found by dividing
their slant range by 10.7, the echo time in microsecanis per mile return.
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The diatance fran the wbe centre at which the indications would appear would
be proportional to the time of travel of the cathode rsy tube spot, i.e. to

the difference between the target echo time and the ground echo timg. Since
the ground echo time is proportional to the aircraft height and the target

echo time ia proporticnal to the slant range, the difference between these

times will be proportional to slant range mimus height. For ease of target
identification by comparison with a target mep, target indications should appear
at distances from the tube centre which are proporticnal to their ground range.
Since & linear timebase does not fulfil this condition it is necessary to
develop a special type of non=linear iimebase which does fulfil this condition.

15, What we want is a non-linear radiel timebase that begine at the tube
centre when the ground echo reaches the aircraft and which will be non-linear
in such & way as to show target indications at distances from the centre pro-
portional to their grourd renge. Moreover, these indications should give

the best possible substitute for actual visibility. . A displgy which resembles
a relief map suggests itself. If we can make water, with very weak returms,
show up as biack, general ground returns as faint luninosity, and cliffs,
heavily built-up sreas, etc. as bright patches, we have something akin to a

relief map.

16. -In order that such a displsy can be campared with a terget map the H.2.S.
operator must know where North appears on his dieplay. He also wants the
target indications to have the same relative bearings on the display as an
the target map. Hence, H.2.S. should provide a displey which fulfils the

following conditions;-

Ea; The top represents true North.

b) Target indications eppear as luminous patches for strong

returna, general ground returns give faint background
luminosity, and rivers, lakes and sea can be kept almost
blank.

(c) These indications eppear at distances from the centre
proportional to their ground range and show relative bearings
on & target map.

(d) The centre of the display always represents the point

directly beneath the aircraft and target indications appear

at the correct bearing from the tube centre.

Development of Display for Terget Indications

17. To produce the type of display we have described the radio frequency
echo pulses after conversion into positive-going video pulses, are applied

to the cathode rey tube grid. By adJjusting the bies on the cathode ray tube
it can be arranged that the intenaity of the electron stream emitted from

the cathode is not sufficient to cause any glow on the acreen unlesa a positive
pulee is acting on the grid. [Hence, es the nan-linear timebase voltage
deflects the atream from the centre to the circumference of the tube, the
screén remains blank when there ia no signal an the cathode ray tube grid. Ir
the receiver gain is turned up valve noise peaks plus general ground return
echoes will cause a faint flashing ar "scintillating" background while stronger
ochoes will czuse the screen to brighten up along the aweep at dlstances fram
the centre proporticnal to their ground range. If the top of the map ia to
represent true North the radial timebase must be sweeping from the centre to
the top when the scenner is looking toward the North. I echoes from other
directions sre to appear as bright patches at their correct bearings on the

. display the radisl timebase must move arcund the tube in synchromism with the
scarmer. We have stated that there are 670 sweeps of the timebase per seccond.
Hence if the scarmer revolves once per second and the redial timebase moves -
in synchronism with it, we can think of our timebase as resembling a wheel with
670 spakes, i.e. we have timebase sweeps at angular intervals on the tube of

%% or slightly more than a half degree.
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Resclution of Indications

18. Any terget will ceuse a brightening up of the number of sweeps that

occur while the H.2.8. beam moves across the target. lHenoce the angular

width of & target indication will be equal to the angle subtended at the
gircraft by the target plus the beem width. This follows since returns

will came fram the target as soon as the leading edge of the beam reaches the
target and the returns will contimme until the trailing edge of the beam leaves
the target. As a consequence of this fact adjacent targets will only give
seperate indications if their angular separation exceeds the beam width.

Hence, the resolution obtainable with He2.5. depends on the beam width. H.2.S.
¥ark IIC gives & beam width of about 8} degrees while the width of the beam
developed by He2.8¢ Mark IIA is about 37 degrees. As a consequence of this
difference in beam width scmewhat better resclution of targets is cbiaineble

with He2.5. Mark IITA. . -

Reason for Using Centimetre Wavelengths

19. The whole reason for using centimetre wavelengths in He2.S. hazs been the
necessity of developing narrow beams in order to get resclution of targets.

The development of narrow beams at longer wavelengths requires elaborate aeriel
arrays which are much too large for airborne work. As the wavelength is
reduced the size of the aerial arrsy reguired to produoe a beem of & specified
width diminlshes. In the centimetre band narrow beams can be produced by means
of mirror arrays which can be carried in aircreft without impeiring speed or

seriously reducing bard lced.
How Target Indications v with

20. For targets at long ranges the H.2.S. been strikes the verticel surface

of the buildings on the leading edge of the target at a coamparatively low angle.
Eenoe, these leading edge buildings will largely screen the greater part of the
target. The returns will then cause only a brief brightening of each scsan,
jee. only & dot on each scan. These dots will then Join together to farm a
thin erc. As the airoraft approaches the target the beam strikes it at steeper
angles end the screening effect decreases. The target indication therefore
incresses in depth. When the aircraft is close to the target the beam will
illunminete the greater part of the target area and an indication will be pro-
duced which roughly resembles the outlines of the strongly reflecting regions

of the target.

How the Target Display gets its Name

21. Since the main He2.5. display is esaentially a form of relief map showing

a plan view of the country under the aircraft, we speek of it as a P.P.I. (plan
position indication) displsy. The cathode ray tube used to develop this dia-
play is called the P.P.I. tube. Both the P.P.I. and height tube are incorporated
in an indicator at the Navigator's table.

Ha248. MaP Scales

22, As the P.P.I. display is to be campared with a target map it is necessary
to mow the scale of the H.2.8. map. Three different meps are available.

One providea & ground range coverage of around 40 statute miles on & tube of
24" radius, or a map with a scale of about 16 miles to the inchs The second
mep provides a ground range coverage of sbout 20 statute miles or a scale of
about 8 miles to the inoh. The third gives a ground range coverage of 10
statute milez cr a scale of 4 miles to the inch. These correspond to the
131,000,000, 1 3 500,000 and 1 : 250,000 scale maps.

The Heading for Course Marker

23, It has been stated previously that it is possible to set the He2e5.

msp Bo that the top represents true Noarth. The control used for making this
adjustment is located on a heading control unit which is alsc mounted et the
Navigator's table along with the indicator and awitch unit. When this adjust-
ment has been made target indications will appear at the same bearing from a
1ine drawn franm the tube centre to the top of the tube as the actual targets
appear from a North-South line drawn through the aircreft position on the
target mep. What the He2.S. Operator is frequently interested in is the
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beering of targets with respect to the aircraft heading. To preseat thia
information visually a heading marker is provided. We have noted previously
that when the scanner is looking in any particular direction the timebase

sweep then oocurring will travel out fram the tube centre at a bearing equal

to the bearing of the direction in which the scammer is looking provided the

mep has been correctly ast. It is arranged that at the instant the soanner
goes through the dead-ehead positian two contacts close to develop a positive
pulse on the P.F.I. grid which laate for the duration of about two sweeps of

the timebase. ‘This positive pulse zerves to brighten up the two consecutive
radial scans that occur as the acarmer is passing through the dead-~ahead position.
Hence, for every revolution of the scanner a bright radial line, formed by the
fusion of these two consecutive brightened-up sweeps, flashes up at the bearing
of the aircraft heading. Due to the af'terwglow properties of the screen this
marker will be apparent all the time if the Navigator's carpartment is in
darkness. ‘The position of target indications on the display relative to the
heading marker will give an immediate picture of the poaition of tergets
relative to thes aircraft course. A switch on the switch unit enables the
He248. Operator to switch off the heading marker when he does not wish to use it.

The Track Marker

24, In the HeZ.S. Mark IIC and Mark IITA inatallations faclilities are avail-
able for canverting the heading marker to e track marker in order to facilitate
homing on a target during a bambing run. When a switch on the indicator i=s
switched fram the "Course"™ to the "Track”™ positicn a second met of mowveable
contacts is brought into operation in the scanner. This palr is offset frum
the first fixed pair by the drift angle when thia angle has heen set on the
Mark 14 bombsight. The positive pulse applied to the P.P.I. grid will now
occur earlier or later than previously depending on the sense of the drift,
and the marker will flash up cn & bearing that shows the actual aireraft track

as opposed to the heading or course.

The Bearing Ring and Map Setting

25, To permit the He2.5. Operator to make bearing measurements a bearing

ring is provided on the front of the P.P.I. tube. This rotatable ring is
graduated in degrees. A polnter 1s engraved on a perapex screen attached to
the ring, When thie polnter is set to a target the bearing can be read
directly opposite an index at the bottam of the tube. This pointer is used

to set up the H.2.3. map so as to have Narth at the tops When the pilot hes
set course the H.2,S, Operator sets switches on the heading control wnit and
indicator to "Course" and sets the bearing ring to read the course opposite

the index. He then adjusts his aettlng knodb on the heading coniral unit until
the heading marker flashes along the pointer on the perspex scele. The heading
marker now shows the correct alrcraft heading and the map is therefore correctly
set. The heading control ‘awitch is now aset to "Auto® and the D.R. occmpass
keeps the setting of the map correct as the aircraft alters course. When a

change in course cocurs the heading marker moves accordingly.

- Range Measurements

26, Although target indicetions appear at distances fran the tube centre which
are proportiomal to their ground range the He2.S. Operator requires some means
of measuring ranges. For this purpoee he is provided with a range marker.

This range marker is a positive pulse gensrated in the H.2.S5. set on every aweep
of the timebame, It is applied to the P.P.I. grid so will cause a bright dot
on each of the 670 sweeps. The distance fram the tube centre at which these
dots appear ocan be veried by means of a range control on the awitch unit. Por
any setting of this ocmtrol the distance fram the centre at which these dots
ocour is fixed. Hence the range marker dots on the 670 redial sweeps Join up to
form & luminous circle. When the H.2.8. Operator wishes to measure a range he
adjuats his range control until the marker ring coincides with the target. He
can then read the target rangs directly opposite an index on a calibrated scale.
The range marker is also mixed with the signals and sppllied to the height tube
to eppear as a blip to the right of the trace.
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The 30 Mile and 100 Mile Range Scales

27. Three different range scales are provided, all located on a range drum
which turns as the range control is operated. One scele provides slant range
measurements fraz 0 to 100 statute miles. The first part of this scale is
used when the 40 mile timebase is in uae. The 4O = 80 mile partion of the
scale is not used on the P.P.I. display. This 100 mile scale appears along
the outer edge of the renge drum. On the inner edge of the range drum 1s

a second scale which is calibrated to read slsant ranges fram O = 30 miles.

This scale is used in conjunction with the 20 mile timebase. In oach case the
range i3 read from the graduation that appears opposite a little index. It
has been stated that the range measured is actually alant range although target
indications appear at distances framn the centre which are proportional to their
ground range. This enomaly arises from the fact that we are ectually measuring

echo timea which are proportional to slant range.

The 10 Mile Range Scale

28. The central part of the range dnm shows a set of curves and a metal
pointer that tracks acroass these ocurves when the height ocontrol is operated.
These curves aserve to convert slant range to ground range and permit measure-
ments of ground ranges between 0 ~ 10 statute miles. To use this 10 mile
scale the height marker must firat be set to the begiming of the ground eocho
on the height tube. As this is done the pointer mentioned above tracks acroas
the range drum and the range marker moves on both the height tube and the P.P.I.
This happens because the height marker cirouit is triggering the range marker
circuit when the 10 mile range scale iz in use. This is not the case when the
30 or 100 mile range scales are in use as the height and range marker circuits
then operate independently. When the height marker has been set to the ground
echo the range control is used to set the range marker ring to the indication
on the P.P.I. display. As this is done the curves on the range drum move
across the tip of the pointer. The curve opposite the pointer tip when the
adjustment has been made gives the ground renge of the target.

The Boubing Scales

29. On the range drum two sets of bombing scales are shown in additiom to the
range scales already mentioned. One of these appears in dotted red lines and
the other aset in solid red lines. These lines are bonbing scales. The
dotted lines are 30 second lines, while the so0lid ones are direoct release lines,
Both sets are labelled in ground speeds. Suppose that a bombing run is in
progress, and the 10 mile timebese and renge marker circuits are in operation.
Suppose the range ocomtrol is set to 8 miles and a stop watch started as the
target touches the marker ring. The range control is then set to 7 miles and
the marker moves in. When the target reaches the marker ring the watch is
stopped. This gives the time to travel a mile ground range from which the
ground speed 1s known. The range contral is then set to bring the 30 second
line which gives the appropriate ground speed opposite the tip of the pointer.
If the aircraft flies atraight and level at the same height until the target
reaches the new position of the marker ring the target touches the marker ring
30 seconds before an ideal bamb should be released. For different types of
banbs suitable corrections have to be made to thiz 30 second value. In ey
case the mmber of seconds befare the bombs should be released will be known.
In this way H.2.S. oan be used for blind bambing. If the direct release lines
were used instead of the 30 second lines any ideal bamb should be released at
the instant the target reaches the marker ring.

The Scan-Marker Switch

30, We have spoken of the different timebases and range scales. Obviously
the development of these different scan and marker renges is achieved by
switching components in the appropriate He2.S5. units. This switching ia done
bty means of a 6-position scan-marker switch on the switch unit. The pointer
of this switch moves across an engraved acale with two sets of mumbers an it.
The one set 13 labelled "Scen", and the other set "Marker". The six poeitions
provide the following cambinations of timebases and markers:- _
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Position Scaming Range . Markers Range
10/10 10 mi. (ground 10 mi. grou.rﬂz
10/20 20 mi. (ground 10 mi. (ground
30/20 20 mi. (grourd 30 mi. (mlant

100/20 20 mi. (ground 100 mi. (alant

100/40 LO mi. (ground 100 mi. (slant

10Q/40-80 Not useable on 100 mi. (slent

P.P. 1. .

From the above table it can be seen that the secand or 10/20 position of the
scan-marker switch permits the use of the 10 mile range scale, and henoce of
the banbing scales, on the 20 mlle scan. This enables the H.2.S8. Operator
to use the banbing scales when attacking targets which are so large that
they carnot be handled on the 10 mile map.

The Beacon Switch and Lucero

31+ A beacon switch is also provided on the switch unit. This switch can

be set to "OFF", E+H, B, or BA. When set to "Off" lacerc is incperative.

This is the position that is used in Banber Cammend when lucerc is not in-
stalled. When set to "B+H" both Incero end H.2.S5. are operating. Signels
frap haning beacons triggered by the Imcero tranamitier will then be fed to

the He2.5. displays along with the H.2.3. signels. The height tube displsy
now beccmes double=sided and the height merker no longer appears on the height
tube. If set to the position "B" the H.2.S5. signals are eliminsted and only
the haning beacon signals are received. These will appear as two-sided ‘blipa
on the height tube, flashing a Morse letter to identify the bewcons By
altering course unti.l the two sides of the blip are of equal amplitude the
aircaraft can home onto the beacan. When the "BA™ position is used a secomd
local oscillator is switched into the circuit in the Lucero unit. This enables
the recelving part of the Lucero unit to amplify signals frowm BABS runwey
beacons. These signels take the form of a narrow blip or "dot" insjde a wide
blip or "dash". If the two blips are of equal amplitude the aircraft is making
its approach in a direction coincident with a line down the centre of the
runway. If there is no drift the equal amplitude blips will be symmetric with
respect to the trace. If drift is present this aymuetry will not be cbtained
when the smplitudes are squal. If certain clreuit modifications are introduced

displaya of Iucero signals will be single aided.

32. Y¥When Inoero Marie IJ is usmed a push-‘button tuning unit is included in the
installetion. This unit permits switching of the tuned circult componemtsa in
the Lucero tranamitter and local ocscillator circuits to operate on diffeerent
chamnels in the bamd 214 to 234 Mc/s. 'This multiple-fredquency design permits
different alrcraft to trigger different BEureka beacons without causi.ng inter-

ference,

The Gain ccntml

33, The EH.2.5. Cperator's gain control is also mounted on the switch unit at
his table. .

The Tuning Control in He2.8. Mark IIC.

34 In airoraft fitted with an He2.3. ¥Mark IIC installation a tuning unit
containing the local ocacilletor of the He2.S5. receiver appears et the Navigator's
table, e frequency of the magnetrom transmitter valve may vary end since it
camot be tuned it is neceasexy to tunethe local oscillator to keep the
difference between the aignal frequency and local oscillatar frequency equal to
the fixed frequency to which the I.P. smplifier responds. The local oscillator
tuning control appears on the tuning unit where it is readily accessible to the
He2e5e Opera.tor.

The Tuning Controls in He2e.5. Merk IITA

35, In en HeZeS. Mark IIIA installation the local oscillator is incorporated
in the same unit as the trensmitter valve. This unit is called the H.F. btox in
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Mark IIT Ho2.8. installetion. A local oseillator tuning control is provided
on the HoF. box for use by the Redar Mechanics. Since the H.2.8. Cperator
mist also be eble to tune the local osclllator a tuning unit with a remote
tuning control ies fitted at the Navigator's table. .

Origin of the Term wplpn

36, The tranamitter unit used in Mark'II H.2.S. installations is usually
called the T2R. This ncmenclature arose in Mark VIII A.I. where the trana-
mitter unit contained both the 9 ame transmitter and an I.F.F. interrogating
trensmitter as well as a crystal mixer and the I.F, stage. The term "T2R"
indicated the presence of two transmitters as well as receiver stages. The
term is really not applicable in He2.S. since only one transmitter is included
in the transmitter unit.

The Distortion Corrector Control

37. Another control of interest to the H.2.S. Operator, the distortion
corrector control, appears on the indicator penel. This control must be set
to the aircraft height (found by setting the height marker to the ground
return) if target indications are to appear at distances fram the centre which
are proportional to grourd range.

_Bcrillia.nce Cantrol

38, The btrilliance controls for the height tube and P.P.I. appear as variable
contrals on the indicator panel to permit adjustment by the He2.S. Cperator.

Presets

39, KNumerous preset controls sre included in the equipment tut these are
primarily the concern of the Radar Mechenic and are more conveniently discussed
when dealing with the associated circults.

Fishpond

L0. The Fishpond indicator unit is used by the Wireleas Operator. It pro~
vides a F.P.I. display with a timebase which is synchronised to that of the
He2.5. displays. It differs from the H.2.8. P.P.I. diaplay in that the scan
is essentinlly linear and gives a range coverege of 4 - 5 miles independent of
the sosn in use on the H.2.S. indicator. The effective scan begins when the
trensmitter fires instead of when the height marker forms. The heading marker
eppears cn this displey at the same beering as on the He2.8. P.P.l. The tube
is provided with a bearing ring similer to that on the He2.S. indicator. The
effectuve PFishpond scan begins about a half inch from the tube ocentre when the
trensmitter fires and the coverage is only 4 - 5 miles, i.s. Just over the normal
sireraft height. Hence, the only indications fram points on the ground that
will appear at operational heights will be & ground echo ring arcund the cutside
of the tube. The only indications that can appear inside this ground echo
ring will be due to reflections fram aircraft which may be present in a hemi-
shpere below the airoraft with centre at the aircraft and redius equal to the
aircraft height. The position of any such aircreft indications with respect
to the heading marker will indicate whether the reflecting aircraft is astern,
ahead, on the beam, or on any quarter. There is, however, no definite
indication ss to its position in elevation. Same idea of elevation may be
obteined by banking. If banking causes the indication to cross the heading
marker the reflecting aircraft must be well below the receiving airoraft. If
banking ceuses very little displacement relative to the heading marker the
reflecting aircraft muist be et much the same height as the receiving aircraft.
Indicetions produced by hostile aircraft ocan be identified by noting whether
they slter course to follow the receiving aireraft when it takes evasive

action.

e To get & quick estimate of range & set of marker rings repreaenting
0, 1, 2, 3, 4, 5 miles can be put on the display by meens of a pusb=-button
switche A variable gain and brillisnce control are provided on the panel.
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Power Switches '

42. The powser switches for the camplete instailation are located on the
awitch unit. When the pushw~button switch lebelled "L.T. ON" is pressed a
green pilot lamp lights. After about 40 seconds & relay in the power unit
closes. If the next push-button labelled "H.T. ON" 1is now pressed a yellow
pilot light lights up. If this tutton is preased berore the relay in the
power unit has closed the yellow pilot lamp will not light up, indicating
that the button has been pressed too soon. After a further delay of about
the seme interval & red pilot lamp lights up and the transmitter atarts
operating provided a toggle switch on the modulator unit is in the "Down”
position. The entire equipment is gwitched off if the push=button labelled
*L.T. OFF® is pressed. If the dutton "L.T. ON" is pressed when the egquipment
is running the trensmitter becanes inoperative but- the rest of the equipment
remains operative. The transmitter can be brought on again after the usual
delay by again pressing the "HeT. ON" buttom. A toggle switch on the switch
unit lsbelled "MOTCR" is used to switch the scamner motor on and offe A
similar, switch adjacent to the scanner switch labelled "LINE OF FLIGHT" ia
used to switoh the heading warker on and off.
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CHAPTER 2 = WHAT THE H.2.S. INSTALLATION COMPRISES

Introduotion

43. In Chapter 1 we discussed H.2.5. fram the standpoint of the nature of the
system and the facilities it provides operaticmally. We muat now comnsider the
equipment more specifically from the radar mechanic's point of view and note
the basic functional sub-divisiona of the inatallation and the way these
functional sub-divisions are distributed in units.

Functional Sub-Divisliona

k4. PFrom a functional point of view we may regard the H.2.3. installation as
camprising the following:-

ﬁa; Power suppliea and safety circuits.
b} He2.5. timsbase circuits for both the P.P.I. and height
tube preaentations.
(c) A trensmitter chain which will inslude s
(i) Synchronising and timing oirouits. .
(1) Circuits to develop the modnlating pulse.
(iii) The transmitter proper.
{iv) The output system.
(d) 4 receiver chain which will comprise
(1) A TR. switoch.
ii) Crystal mixer.
(i1i) Klystron local oscillator.
(iv) Head amplifier.
(v) I.PF. strip.
{(vi) Secand dstector.
(vii) Output stage.
(viii) Suppreasion circuit.
(e) Marker circuits which will eamprise
(1) Heading or track marker circuits, and their
sutomatic and marmal controlling atages.
(il; Height marker cirocuits.
{(i1i) Range mariker circuits.
Bright-up, mixing, output and display clroults.
The roll-stah:l.lise.tion circuits for the scannsr.
Fiahpand.
Incero.

L45. With the exception of ILucero and Fishpoud these functional sequences

ares not arranged in units but have aub-divisions and controls scattered in
different units. “This arises partly from the necessity of having such comtrols
as will be required by the H.2.S. cperator at his table, while at the same

time arrenging e suitable weight distribution of units in the alraraft. The
subedivision of the He2.S. installation into units is, therefore, qulte different
fron its partition into functional seguences, Sinoce the radar meochanic must
work with units, although he musi think in terma of functional sub-divisions
scattered throughout thome units, it is proposed to state at this point what
units are used and thén to proceed in the following chapters to study the
functional sequences and the distributicn of their subsections in theae umits.
How these wnits are linked up in the aireraft installationa is shown in the

cebling diagrams, fig.13, Mark II0, and fig. 14, Mark IIIA.

- ria =
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L6. The Mark IIC inatallation, ARI.5590, comprises the following items:-
Ttem Type Ref.No. width |Length |Depth | Weight
fransmitter Unit (T2R) | TR.3191 hoDe/1003 | 9.5° [15.75"} 7" )42 1be.
: or TR3159 HODB/ 867 | 95" [15.75"| 7" |42 1lbs.
Modulator Type 64 PODB/ 956 | 8.5" |21 12" |47 lbs.
Power Unit Type 260 HOKB/ 747 | 11.5" 18" 12" }30 1bs.
or
Type 224 HOKB/ 512 ] 11.5" | 16" 12" |30 1bs.
¥aveform Generator Typs 34 [HOVB/6056 | 11.5" [10° g» 15 lbs.
T
Type 35 [OVE/6057 | 11.5" | 10" 8" |15 1vs.
Switoh Unit Type 207B 10FB/6115 | 12" 6" ge 14 1ba.
Receiver—timing Unit R.3515 HODB/6060 | 11.5" | 18" 8 30 1bs.
or R.3516 10DB/6061 | 13.5" (18" g" 130 Ybs.
Indicator Type 184 N10QB/6035 8.5" | 18" 12" 4, 1bs.
or 1844 [1OQB/6181 | Bu5" | 18" 12" |44 lbs.
Tuning Unit Type 207 [IODB/6L99 | 8.5" | 9" 5.75"|13 1bsa.
Heading Control Unit Type 446 HOLE/6053 6.5" 3.5 5.5" | 4 lbs.
Junction Box Type 247 [10MB/6L99 Lo 5" 5e5% 3.5" | 2 1lbs.
Scapner Type 63 [10AB/6343 60 1bs.
smplifier Unit Enw) Type A35621 OUB/ 6041 B.5" | 12.5" 7.5" [21.5 1bs.
Amplifier Unit (Grameo) | or A3562A " OOB/ 6078 8.5" | 12.5" 7.5 |21.5 1bs.
Track Merker Control Type 468 HOLB/6091 2 lbs.
Unit
Scarmer Speed " Unit Type 477 NOLB/6102 La75" | Le3" 2.5" | 1 1b,
Gyro Control Unit Type 453 HBOLB/6OT4 | 6135} T.175 L 1be. 20z
ai. '
Motor Generator Type 74 [OKB/ 954
Junction Box Type 2 HOAR/2497) | 645" & 2" 118 1hs.
Stebilised Flatform Type 26 [0QAR/6522 : :
Main Junction Box Type 85 [10aB/2212 | 8.5* | 5.8" | 3" 6 1bs.
Fishpond Indicator Type 182 [10QB/6031 8.5" | 18" 8= 26 1ba.
or 182A HOQR/6037 8.5 {18 "~ | & 26 1bs.
Fishpond Junction Box Type 222 HOAB/6331 71" 3.7 | 2.75"| 3 1bs.
Fishpond Bright up WFG | Type 43 4OVB/6155 | B.5" 645" | 475"
Lucero Mark II TR.3160 HODB/ 868 | 8.5% | 18" 8" = |36 1bs.
Incero Control Unit Type 222 (OLE/6010 |- 6.13" | 6.02" | 3.27 1% 1bs.
Lucero Aerials Type 184 [ODB/2171
Adapter Frame for Lancaster [10AB/652i; 14 1bs.
Stab. Platform Halifax [4OAB/6523 14 1bs.
Scamner Heater . .
Connector Set Lanca.ater;fﬂo refsnoe
" Halifax ){for can-
plete set .
Voltage Control Panel ™vpe 5 [F0/363 8,5* | 10.75"{ 7.875"[ 18 1bs.
Alternator Type U |5U/349 38 1bs.
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47. e Mark IIIA installation, ARI.5583, comprises the following items:-
Itenm Type RefeNo. | Width| Length { Depth | Weight
Transai tter unit (HP box)| TR«3555B [1O0DB/6916 |10® 11.875% | 21 83 1bs.
or 3555C [10DB/6917 [10" 11.875" | 277 83 1bs.
or 35234 |10DB/6647 |10" 11.875" | 27° 52,5 1bs.
Modulator Type 64  [10DB/ 956 | 8.5" | 21" 120 47 lbs.
Power Unit Type 280 [10KB/ 747 |11.5" | 18" 12 30 lbs,
or 224, [10KB/ 512 |11.5" |18® 12" 30 1bs.
Waveform Generator Type 3% [1OVB/6056 [11.5" | 10" 8" 15 1bs.
or 35 [1OVB/6057 [11.5" | 10" g» 15 1bs.
Switch Unit Type 207B 10FB/6115 |12 & 8" 14 1bs.
Receiver~timing Unit Type R.3553|10DB/6305 [11.5" | 18" 8" ‘|32 1bs.
or R.355L,110DB/6306 [11.5" | 18" 8" 32 1bs.
Indicator Type 184 [10QB/6035 | 8.5% | 18 120 1bs.
: or 1844 [10QB/6181 | 8.5" 118 12" A 1ba.
Tuning Unit Type 4uh |10LB/6051 | 65" 3e 5" 6" 3 Ibs.
: or 499 1018/ 6185
Heeding Control Unit Type 446 HOLB/6053 | 645" |. 3.5" 5.5" | 4 1bs.
Junction Box Type 247 J10AB/6499 | L 5" 5. 5" 3. 5" 2 1bs.
Scanner Type 71 |10AB/645L l60 1bs.
Amplifier Unit (RPU) Type A,3562 1OUB/6041 | 8.5 | 12.5" 7+5" [21.5 1lbs.
.. o (Gramco) Jor A.3562A [1OUR/6078 | 8.5" |12.5" 745" [24.5 1lba.
Track Marker Control Unit|Type 468 MALB/6091 | 6.5" | 3.5" 6" 2 1bs.
‘Scammer Speed ¥ » |Type 477 [HOLB/6102 | 475" | La3" 2.5" 1 1b.
Gyro Control Unit Type 453 HOLB/6074 | 6.135 | 7-175" 41b. 20%.
oo o . at. :
Motor Generator Type 74 NOKB/ 95,
Junction Box Type 246 HOAB/2497 | 65" | 6" 2" 118 1bs.
Stabilised Flatform Type 26 10AB/6522
‘Main Junction Box Type 231 [OAB/6370 | 95" | 5.75" 3.25" | 4e75 1lbm
Fishpond Indicator Type 182 HOQB/6031 | 8.5 |18" av 26 1lbs.
o or 182A HOQB/6037 | 8.5" |[18" an 26 1bs.
Pishpond Junction Box ' |Type 222 HOAB/6331 | 7.1" 37" 2,75" | 3 1ba.
Plshpond Bright Up WFG  |Type 43 NOVB/6155 | 8.5" 65" 4a 75"
lucero Mark II TR.3160 hODB/ 868 | 8.5" 18" 8» 36 1ba.
Incero Control Unit Type 2224 HWOLB/6010 | 6.13" | 6.02" 302" 1¢5 1bs.
Incero Aerials Type 184 HOBB/21T1 ‘
Adaptor frame for Lancaster [{10AB/652) 14 1bs.
Stab. Platfarm Halifax OAB/6523 14 1bs.
Scammer Heater ‘
Commector Set E.anmtari o ref.no.
Halifax or cam=-
lete aset. . )
Voltage Control Panel Type 5 / 363 8.5 [ 10.75" 7.875" |18 lvs.
Alternator Type U / 349 : 38 lhs.

Component Nmbem-
w-

To reduce confusian which might arise from ldentical mmbering of
camponents in different units, a system of blocks of numbers was sllotted to

the respsctive units in the first H.2.S. installation. As a cansequence of
the introduction of units or sub-unita cammon to other equipments there iz now

scme duplicetion of canponent mumbering.

The present nomenclature 1s as followa:-
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Number Block

;

400 - 149 | Mk. IIC Trensmitter Unit.

150 = 199 Switch Unit.

200 - 299 Modulator 65 (o'baolete).

300 = 399 FPower Unit

LOO - 499 Timing Section of Rx. = T. unit.
500 - 59%9 Wavefarm Generator.

650 - 749 | Indicator 162 (cbsolete).

800 -~ B899 Indicator 1844 (Gramco).

- kb

99 Rx. section of Rx. - Te unlt.

99 Indicator 184 (R.P.U.).

99 Indicator 182 or 482A (Plshpond).
99 | Modulater 64 (Universel Unit).
99 P.R. 3160 {Luocero Mark II)

in each sub-unit.

Locatian of Units in the Alrcraft

49.

(a)

(b)
()

(a)
(e)

e following units will be located at the navigetor's table:~
1) Indicator 184 or 184A. L
(i1) Tuning Unit 207 (Mark ITIC) or 444 (Mark IITA with
) TR. 3555 series) or 499 (Mark IIIA with TR.3523 series).
(111) Heading Control Unit Type k6.
(iv) Switch Unit 207B.
(v) Lucero Control Unit Type 222A.
(vi) Scamer Speed Cantrol Unit Type 477.

The Pishpond indicator ( hnd its bright-up gemerator, WFG Type 43)
will be at the wireless cperator's position.

The fallowing will fomm part of the stabilised scanner
installation at or near the perspex cupola:-
(i) Adaptor frame for the stabilised platfomm.
(#1) Platfoam and scanner.
(i1i) Transmitter unit.
(iv Amplifiﬂr unit A. 3562.
(v) Gyro Control Unit Type 453.
(vi) Motor generator Type 7k
(vii) Junction boxes 246 and 2i47.

The track marker omntrol unit type 468 is mounted at the Mark 14
bambaight position. .

l -
Te remaining units are meinly located in soltable racka amid-
ships. The details will vary scmewhat from one aircraft to
another and mey be modified as required to provide for other

radsr installations.
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CHAPTER 3 = POWER SUFPLIES

Outline

50. The He2.5. power supplies are derived fram the aircraft 24V. D.C. supply
ard & Type U 1200 watt engine~driven altermator. ‘The 24V. D.C. supply is taken
to & control unit, Type 5, which regulates the D.C. field current to the
alternator sc sas to malntain the A.C. output voltage from the slternmator at a
constant value of 80V. in spite of fluctuations in engine speed. For engine
speeds varying between 1500 and 2600 re.p.m., the maximun variation of the output
voltage fran the glternator should not exceed t 2V.

51. The 24V. D.Ce supply and the 80V. A.C. supply are taken to the H.2.S.
power unit fran which they are distributed to the other units via a junction
box. The Mark IIC installation uses a Junction box type 83 and the Mark IIIA
installation & Junction box type 231. The 24V. supply is used for operating
varjous motors and relays. Details of the distritution channel are shown in
figs.210 and 211, The 80V. supply is distributed for the development of heater
suppliea, biasses and H.T. supplies.

52. The power unit proper develops the following supplies:-

sa; +300V. fram a 5U4G full-wave rectifier stage.

b) + and - 1800V, from two V.133, fullwwave rectifier
stages balanced about earth potential.

Ecg =100V. developed fram a bridge metal rectifier.

d) The =-1800V. supply is tapped down on a bleeder to
provide a =-1000V. ocutput.

The +300V. and =1000V. supplies are distridbuted via the main junction box.
The -18000V. supply is trensferred directly via a uniplug cable. The +1800V.
supply is not used. '

53« The modulator type 64 develops the following suppliles:-
() -4EV. frau a single-ended voltege doubler stage. This supply
is used to develop the modulating pulse for the transmitter.
An output is elso tapped off which iz used to provide the
bleeder supply for the indicator 184 and Pishpond P.P.J. tubes.
(b) =100V. bias supply fram a metal rectifier used only inside
the modulator.

She The tuning unit 207 used in the Mark JIC inatallation contains s +300V.
504G dmble half-wave rectifier which is used to supply the H.T. for the

indicator 18L.

55. The receiver-timing unit used in the Mark IIIA installation contains an
independent power pack which includes:-
(a) A +300V. 5U4G full-wave rectifier stage which supplies
the H.T. for the receiver=timing unit, the H.T. and screen
voltage for the I.F. strip, and the variable screen voltage
for the second head amplifier atage.
(b) A «100V. neon-stabilised metel rectifier for bias voltages.

56. The indicator 184 has a ~300V. metal rectifier supply used as a
negative rail for the timebase valves. This supply is also used for biasases

in the TR035230

57. The TR.3555 series transmitter unit has a =2KV. VU.t11 half-wave rectifier
pack with speclal stabilisation arrangements. This pack provides the supply
valtages for the CV.129 klystron local oscillator and the CV.114 soft rhumbatron

TR. switoch. -
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58. 'The TR.3523 transmitter unit has a power pack which develops the
following supplies:-

(a) A 5U4G +300V. full-wave peck with a CV.173 stebiliser stage
awinglng positive from & level of around 300V. fixed by
the 300V, pack in the power umit.

(v) A VU.111 - 1000V. half-wave rectifier pack with a tapped down
~300V. neon-stabilised output. The «$000V. supply is used
for the CV.221 soft rhumbatron TR. switch.

Both the +300 and =300V. supplies are used an the 723A local oscillators.

- 59, Fishpond has a 5T4G 4OOV. full-wave rectifier supply for the
Fishpond valves.

60. The Amplifier Unit, Type A.3562, used in the roll stabilised scammer
has its own power pack which develops the Pollowing outputs:-

(a) A 5ULG full-wave rectifier develops a +300V. supply for the

emplifier valves.
(b) & selenium rectifier develops a 60V. supply fed to the slab-
wound potentiometer in the Gyro control unit.

6. The Lucero Mark II unit contains its own power unit which develops:-

(a) =2+5KV. VUe120 half-wave rectifier supply for tue Luoero
transmitter.
{p) 250V. 524G full=-wave rectifier supply for the other Lucero

stages.

62, The WeFeGe3l has a VR.116 voltage stabiliser which drops the 300V.
supply to provide a stabilised 200V. supply for the master maltivibrator
stages, firat three sawtooth stages and the transml tter=timing valve.

63. The receiver-timing unit has a VR.65 voltage stsbiliser stage which
provides a stabilised H.T. supply of arcund 290V. for the height and range
marker timing and flip-flop stages and for the heading or track marker circults.

6L The power umit has a sefety circult stage which operates rolays to
switch the equipment off if an overload develops.

65. The modulator type 64 also has a safety circuit valve stage which
operates relays to switch off the Modulator HT if an overload is applied to

the modulator =4KV. pack.

The Power Unit Supplies

Gensral

66 a) The power wnit circuit is shom in fig.28. )
b) The distribution chermels are shown in the intercomection

diagrams, figs. 210 and 211.

The + and = 4800V, Pack

67. The essentials of this stage are shown in £igs30. 80V. A.C. is fed

to the primary of the high voltage trensformer, Te302. V300 and V. 301
together form a full-wave rectifier which develops an output of +1800V.
emoothed by CK.300 end C.300 and applied to the yellow W uniplug. V.302 and
¥.303 form a second full-wave rectifier which develops a =1 800V. output.
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This output is mmoothed by CK.301 and C.301 and applied to the green W uniplug.

68. Across the =1800V. output is & bleeder network cansisting of Re333,
R. 338, R.339 and Re33hs About =1000V. is tapped off st the junction of Re338
and R.339 and taken to pin 14 of the 18-way plug.

The +300V. Pack

69. The full-wave rectifier, V.304 is fed froaz the tapped secondary of
T.303. The 300V. output, smoothed by CK.302 and C.302, is applied to pin 16

of the {8eway plug.

The =100V, Supply

70. The metal rectifiers, MR.302 and MR.303, are alsc fed from the tapped
secondary of T.303. The =100V, ocutput, amoothed by CK.303 and C.303, is
applied to pin 13 of the 18-way plug.

Swmary
71«  Power Unit imputs are:-

(a) 24Y. D.C. at red 2C supplied fram aircreft supply via the
Ve.CoPs w 5.

(v) B80V. A.C. at the black 2C from the engine-driven 1.Z2KW.
alternator, regulated by the V.C.P. Type 5.

72« Power Unit ocutputs are:-

b) - +1800V. at yellow W uniplug (not used).

ec) =-1000¥ at pin 14 of the 18-way plug.

(a) +300V. at pin 16 of the 18-way plug.

Eo -100V. at pin 13 of the 1B-way plug.

r "ZLVO D.Cs switched} to pin 2 of 18"’@-

+24V. D.C. u.nswitchedg to pin 3 of 18-way.

=24Y. D.Ce (unswitched) to pin 2 of 6A.

~2,V. D.C. (switched) to pins 1, 3, b 5, 6 of GA.

(g) BOV. A.C. to pins 6 and 7 (strepped) and to pins 8 and 9
(strapped) on the 18=way when B reley ia energised.

gai ~1800V. at green W uniplug.

The Ponei' Unit Jack Points

73. On the front panel of the power unit are 4 Jack points for checking

the +1800V., =1800V., +300V¥. amd =100V. supplies. A fifth Jack marked

"300V. Feed® gives an indication of the total current drain fram the 300V.
.rectifier. Any meter having suitable current ranges may be used for checking.
. The meter positive should go to the jack tip and the negative to the ring for
all the Jack points, Nomsal readings of the voltage Jeck points are as

follows:=

Jack Noymal Reading | Toleramnce
PU 2680 | PO 224
+1800V. 1 ma. 1.8 ma. t 10%
"'18%7. 1 MI‘ 1.8 ma. L3 10}‘
=100V, 1 ma. 1.0 ma. b 10"/6
+300V. 1 aa. Ce3 ma. * 104

74  The 300V. fead Jack point reading with the He2eS. Mark II instaellation
used to be 1.2 = 1.6 ma. In the Mark IIC end Mark ITIA installations the
value is of the order of O¢8 = 1.0 ma. 2= the Mark IIIA instsllation has an
added 300V. pack for the receiver while the Mark IIC instellation uses &an

added ~300V. pack for the indicator 184.
The Power Unit Relays and the Switching ON Seguence
The alternstor switch at the navigator's table 1s in series with the

75
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V.C.P. switch which will normally be left on. then the alternator switch is
closed the field supply to the alternator is campleted and the 80V, aupply will
be develcped and fed to the power units Cloeing the sltermator switch also
canpletes the 24V. D.C. supply to the power unit. The 80V. lmput is rectified
by MR.300 and energised relay A. Contaots 5 and 6 close end canplete the +24V.
D.C. 1line to the switch unit via 18/3 end 6C/6.

76. Pressing the "L.T. ON" button on the switch unit completes the D.C.
eirouit through the green lamp (SL.150) and 64/2 to energise B relay whose
contacts make the following comnections:-

(a) B7/8 complete the 24V. circuit via 6A/3 and the green switch
lamp 80 thet B relay remains energised when the pressure is
released on the "L.T. ON" button.

(b) B5/6 cannect 80V. A.C. to the junction bex via pins 6 and 7
of the 18~way. Pins 8 and 9 of the 18-way were cannected to
the other side of the 80V. A.C. when the alternator was
switched on.

(¢} BY/10 connect the =24V. D.C. to the Junction bax via 18/2 to
canplete the circuit for the hlower motor in the tranamitter
unite =24Ve D.C. 13 also camected to relay C, rolays in the
RX, WFG, Fishpand and Lucero, and to the scammer motor snd.
repeater motors.

(a) B11/12 camplete the 80V. A«C. supply to the primary of T.303.
V.304 comes into cperatimm to develop the +300V. ocutput. The
metsl rectifiers MR.302, MR.303 ncw develop the ~100V. blas
supply. The delay valve, V.305, starts to pass current since
its filament is aupplied fram a winding an T-303.

77. With reley C unenergised, the contacts C5/6 in the grid circuit are
cloaed. Refore V.305 camences to pass current its electrodes are at the

following potentiels:-

(a ANOA® 2cc-vssssssresssscrsreve +500V-
b SOYeAll secsvvstncssnssesanssrse +280V-
{0 G'rid BEssesesRatbisncssnattosan +15V-
d) Suppreasor and cathode ....... ov.

Within a few seconds of preasing the "L.T. ON" button V.305 starts to pass
aurrent and there is a fall in the anode potentisl. This fall is fed back to
the grid via C.30i4 and contacts 1/2 of relay B. This tendency of the fall
in anode potential to carry the grid down retards the build-up of enode
current sufficiently to meke a delay of 30-40 seconds before sufficient anode
current flows to energise relay D (RY.303).

78. When relay D is energised the following circult changes occur:i-—

(a) Contact 6 breaks fram contact 5 and closes to contact 7 to
remove the shunting resistor R.323 and short out Re.322. This
jnoreeses the current through the relay aml so holds the relsy
well energised. ‘

(b) Contacts DI/2 commect relay C to the "H.T. ON" button on the
switch unit via pin 4 of the 6A W-plug. .

(¢) Contacts D3/4, which were closed when the relay was unenergised,
now open and break the =24V. supply to relay E. This has no
effect at this stage since relay E was not energlised.

79. If the "H.T. ON" button is now pressed on the switch unit, the 24V.
D.C. ciremit to relay C is campleted via the amber pilot lamp (SL.151) and
6a/4,. The following circuit changes occur with the energising of relay Ci-

(a) Contacts C3/4 close to camplete the 24V. supply through the
solenoid via the amber pilot lsmp and 64/5 when pressure is
relessed frar the "H.T. ON" button.
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(b) ©€1/2 clome and complete the =24V. line to relay F and
contact 3 of relsy D.

(¢)  C7/B close and canplete the 80V. A.C. supply to the primaries
of Te301 and T.302. ™is makes the FAT clircults operative and
the +1800V. =1800V, and «1000V. supplies are developed.

(4) ©5/6 open and remove the positive bias from the grid of the
delay valve, V.305, which is now left with a negative blas of
about =20V, on its grid. The anode current cammences to fall
but because of the anode-grid fe=edback this fall is gradusal.
About 30 seconds elepses before the fall in anode current is
sufficient to de-energise relay D.

80. When relay D becomes de-energised the following actions take place:-

(a) D1/2 open end the D.Ce circuit between relay C and 6A/k is

zz-;ken. This has no effect since relay C is energised through
B

(b) Contact 6 of relsy D bresks fram 7 and closes to 5 to put
Re322 back in V.305 snode load and shunt R.323 across D reley.
V.305 i= now back in the condition which existed when its
filament was first heated with the exception that the grid now
has a negative instead of a positive bias.

{c) D3/4 closes now and campletes the 24V supply through the
solencid of relay B which now becames energised.

81. The energising of E relay brings sbout the following changes:=

(a) E9/10 close to connect +300V. to the modulatar via 18/17.
This is the +300V. switiched supply to the modulator. .

(b) E1/2 break and E5/6 close to discomnect the feedback condenser,
C.304 fran V.305 grid. This leaves V.305 cut off on the grid.

(¢) E7/8 close end complete the 24V supply through the red pilot
lamp (SL.152) and pin 6A/6. :

Sinoe the ensrgising of relay E puts the 300V. switched supply into the
modulator which enables the trigger gap, spark gap and modulating line to go
into operation, the caming up of the red light means that the whaole set should
be operational. In order to have the transmitier come on with the red light
the switoh on the panel of the modulator 64 must be down. This switch
canpletes the 80V. A.C. supply to the primary of the transformer which supplies
the -4XV. pack in the modulator. This pack, in turn, charges the artificial
1line which is used to develop the modulating pulse that operates the magnetron

transmitting valve.

"82, When relay C is energised contacts C1/2 connect «24V. to one side of
relay Fo The other side of the winding is connected via 64/1 to the scanner
motor switch on the switch unit. The other side of this switch is cormected
to +24V. When the switch is closed any time after the amber light cames
on relay P is energised. Contacts 1/2 and 5/6 then close .to supply 24V. to

the scammer motor via the &B plug. .

Swmmary of the Reley Sequenoce

83, Ea; A is energised when the 80V. supply is switched on.

b) B ie energised when the "L.T. ON" button is pressed and
the green light cames .

(c¢) D is energised after a delay of same 30 seconds while the
current in the delay valve, V.305, is bullding up.

() ©C is energised when the "H.T. ON" button is pressed and the
amber light canes on.

(e) D is de-energised same 30 seconds after C is energised, the
delay being due to the slow decay of the current in V.305.

(£) E is energised immediately after D is de-ensrgised. This
ccupletes the 300V. supply to the trigger velve in the
modulator amd brings on the red light.

(g) When C is energised -24V. is connected to one side of the

- solenoid of P. When the scanner motor switch on the switch

unit is closed +2LV. is comected to the other pide of the
solencid and the relay is energised to camplete the supply
to the scamer motor.
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Switching Off the H.Z2.3. Bquipment

84. . Pressing the "L.T. OFP" button on the switch unit breaks the D.C. supply
to relays B and C to cut off the entire power unit and hence all other unita.
All relsys return to their initial condition except relay 4 which remains
energised as long as the 80V. A.C. supply is switched on.

85. If the YL.T. ON* button is pressed when the equipment is ruming the
HeM» 2nd E.H.T. supplies are switched off but the L.T. is left on to keep the
filements warm. The actusl sequence of events is as followsi- ,

(a) The +24V. D.C. comnection to 64/5 is broken thus breaking the
supply through the solenoid of C relay to de-energise the relsy.

(b) C€7/8 cpen to cut off the BOV. A.C. supply to the primaries of
P.302 and T.303% There is then no E.HeTs 3upply. :

éc; C1/2 open to treak the 24V. D.C. supply to relays E and F.

d) Relay P is de-cnergised and breaks the supply to the scammer
motore.

(e) When relay E is de-energised E9/10 open to cut off the +300V.
supply to 18/17 and the modulator. This means there is no
HoT. to the trigger valve and no further cperation of the
transmitter. .

(£) E5/6 open to discommect R.335 fram C.304  E1/2 close to cormmect
Cs 304 between anode and grid of the delay valve, V.305. c5/6
close because C reley is de-energised. V305 conducts at ance
since C.304 is completely discharged when 1t is re-conmected
‘between anode and grid by E1/2. The grid is therefore pulled
very positive and E relay is enmergised at ance, The relaya
are now in the same condition as they were after the initiel
delay while the current in V.305 built up sufficiently to
energise relay D. The "H.T. ON" button can now be pressed to
initiate the sequence ocutlined in paras. 79=-81.

The Power Unit Safety Circuite

86. If the BOV. A.C. supply fails relay A is de-energised sincs this relay
is energised by rectified A.C. Contacte A5/6 then open to break the 2LV.
D.C. supply for the other relays. The whole equipment is then awitched

off. A short circuit on the 80V. line will reduce the voltage across MR.300

and so will cause the same result.

87. If the 24V. D.C. supply fails relays B, C, D, E and F are de-energised
end the equipment is switched off. A short circuit on the 24V. supply wlll
burn the contacts 5/6 on A relay or reduce the energising current through
relays By C, D, B and F to switch the equipment of f'.

88. T.300, the overload transforwer, provides protection against overloads

on the rectifiers. TIf some fault develops which results an an excessive

load on any of the rectifiera, and hence. on the 80V. A.C. supply, the current
through the primary of T.300 io increased. This inereases the output fram

the metal rectifier, MR.301, which is applied to the winding of relasy A in
opposite polarity to the output from MR. 300, During an overload the increased
output fran MR.301 cancels out the output fram MR 300 to a sufficlent extent
to de-energise relay A. The 24V. supply is therefore cut-off and the
equipment is switched off.

The Modulator Power Pack

89. Circult details appear in figs. 55, 212 and 213.

90. 80V, A.C. is fed through an interference suppressor to the primary of
T.2 which supplies the heater voltage for the YU.133 voltage doubler rectifiers,
Vel, Ve2. Tt primary is also fed with B80V. A+C. The seccndary provides
heater supplies for the other valves in the modulatore A separate winding
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provides the input to a half-wave metal rectifier which dsvelops a =100V. bias
supply for the CV.73 trigger velve. This -1 00V, supply is alsc tapped dowm on
a bleeder to secure the bias for the modulatar safety valve, Vel .

9t. T.3 is the B.H.T. transformer. The B80V. A+C. supply to the primary is
switched on by the modulator C relay in the anode of the trigger valve. When
the power unit B relay is energised +300V. is supplied via 18/17 to the CV.73
trigger valve anode. The flow of current results in the energising of the
modulator C relay and C/1 closes. If the switch, 8.1, on the mocdulator pansl
48 down the BOV. A.C. input to T.3 primary is campleted when the red light

cames up on the switch unit. The voltage doubler eircuit develops a =4KV.
output which is fed to the blue W-uniplug m the modulator panel. From this
plug a cable is taken to the indicator 184 to supply the P.P.I. bleeder. A
parallel plug is available an the indicator to tep off an output for the Fishpond
P.P.I. bleoder. Within the modulator the =AKV. supply is comnected threigh the
64,B. choke, L.1, to the artificial line. It is thia -LXV. pack which supplies
the energy to the modulating pulse which is used to operate the magnetron
tranani tter valwve.

92. Since C relay must be energised in the modulator before the 80V. esupply
to the —=4KV. pack can be completed, and C relay curreat is the current pessed
by the trigger valve, V.7, it follows that V.7 must be operating if the =4EV.
pack is to operate. It has been pointed out that V.7 grid is blassed back by
the =100V. supply. It is necessary, therefore, that V.7 grid be pulsed if

C. relay is to be energised. This pulsing is provided by a positive-going
20 mjcrosecond pulse. The pulse is obtained by phase reversing the negative-
golng 20 microsecond modulator priming pulse developed by the VT.60A V.6.

V.5 and V.6 actually form a multivibrator that develops the pulsing waveform
for Ve7 grid. This multivibrator must then be operating in order that the

=4KV. pack may operate.
The Modulator Safety Circuits

93. Circuit details are shown in fig.62.

94 Ve providss a safety circuit similar in principle to the-delay wvalve,

v.305, in the power unit. V.4 is brought into operation whenever the
modulator overload relay, A relsy, ia energised as the result of an overload cm
the =4KV. packs The full sequence is discussed in Chapter 5, paras. 256 - 257.

95. The safety velve will also came into operation if a fault in the TR. 3555
csuses the thermal relay o close. The sequence of events is discussed in

Chapter 5, paras. 285 - 286.
The Tuning Unit 207 and Indicator 184 Power Supplies
96, ‘'These supplies are discussed in Chepter 4, paras. 203 - 207.

The Mark ITIA Receiver Power Pack
97. '™is power pack is disocussed in Chapter 6, paras. 417 - 418,

The TR.3550 Series Power Pack

98, ‘The local oscillator power pack is dealt with in Chap.6, peras. 389-398.

The TR. 3523 Power Pack _

99. PFull details of this pack are not yet available.

The Pishpond Power Pack
100, Detaila of the Pishpond power pack are given in Chap.10, paras.71i=712.

Amplifier Unit, A. Eﬁl Power Pack

101. This pack is discussed in Chapter 3, paras. 583 - 585.

-

Luoero Power Pack
102. Deteils of the power pack are given in Chapter 14, paras. 1298+1301.
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W.F.G. Voltage Stabiliser

103. This stage is discussed in Chapter 4, para.188.
Receiver-timing Unit Voltage Stabiliser
104. Details of this stage are discussed in Chapter 7, pars. 487.

Voltage Control Panels
Typeas in Use in Bamber Command

105. {a; V.C.P. Type 3 £5U/1269} fitted with By regulator isu/1304)
b) V.CoP. Type 3 (5U/1269) fitted with By regulator {5U/1 304T).

The 5U/1304T regulator is a leter model than the 50/1304 and differs
only in being fitted with a 50 ohm trimming resistance.

106. %a; VoCeP. Type 5 550/3633 fitted with Ex regulatar (50/364)
b) V.C.P. Type 5 (5U0/363) fitted with xg regulator (50/3647T).

The 5U/364T differs fram the earlier 5U/364 in having a 50 cm trimming
resistence fitted. The type E3 regulator is the one originally fitted to the
VaCoPs m& 5-

107.  V.CoP. Type 5 (50/363) fitted with EU regulator {5U/254l).

The EF regulator should be fitted to all V.CeP.'s Type 5 used in H.Z2.S.
installetions. It is a modified type E; and is being used peniing full pro-

duction of the Type Es.
108,  V.C.P. Type 5 (5U/363) ritted with Es mgnﬂ.’atqr (50/2274).
The Eg regulator is to supersede the EU when avuilable.-..
The Type EU and E5 Regulators
109. The circuit is shown in fig.0. )

110. The type EU and E5 regulators ere improved versions of the type E3.
embodying a stabilising circuit. The E5 emplays a visual presetting device

not incorporated in the EU. The stabllising effect is obteined by conmecting
& high resiatance winding across the altermator field. This winding is ’
enclosed with the mein operating winding and & series winding. ‘The intersction
of the high resiatance ahunt winding with the main operating winding prevents
hunting of the regulator over reascnsdly wide limits of campressian. The

low resistance series winding is in series with the pile element, Its

function is to campensate for the ampere turns of the shunt winding.

111. Six terminals are provided instesd of the nommal four. In the R
this is achieved by adding a terminal hlock on the erd of the regulator.
In the X5 a new G=way terminal atrip is used.

112, & 100 obm trimming resistance is fitted to facilitate finsl adjustment
of the regulatore This permits variations in the output voltage of about

+ or - 10V.

1t3. These regulators can work as anti-hunting devioces only if the feedback
between the mein coil and the shunt stabilising coll is always negative. The
current flowing through the main coil is fixed in direotion by the sense of

the rectified cutput fran the A.Ce applied to the metal rectifier. The
direction of the current through the shunt winding is fixed by the polarity

of the .DsC. input to the VeC.P. If this is changed over the sense of the feod-
back is reversed from negative to positive. The result will be persistent
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oscillation of the carbon pile. The merufacturer's wiring of the V.C.P.
and regulators is such thet Pin 1 should always be canmected to the negative
side and Pin 2 to the positive side of the D.C. supply. Pin 1 should dbe
connected to the GREEN terminal of the regulator. :

114. To eliminate difficulty due to poeitive feedback and resultant cerbon
pile oscillation it is eassential that all aireraft, bench and P.E. set

installations be kept with Pin 1 negative.

Voltage Measurements

115. Measurement of the A.C. voltage cutput in a way thet will give an
indication of the D.C. output thet will be obtained from the verious power
packs in radar equipments has alweys been a difficult problem. Thermal
meters give the R.M.S. woltage value regardless of the waveshape, but the
seme ReM.S. value for different waveshapes will not necessarily result in the
same D.C. output from the same power pack. 4 further difficulty of thermal
meters is their tendency to became inaccurate. They becare a reasonably
safe measuring instrument only if regularly checked against a thermal meter
which is well taken care of and kept as a substandaprd meter.

4116, The rectifier type meter will show & reading that depends on the wave-
shape of the alternator output and the reotifier in the meter. The wave-
shape of the alternator cutput will depend on the alternator and the nature

of the loade A load containing a reac*ive camponent will result in a differ-
ent waveshape than a purely resistive load. Furthermore, the waveshape may
be modified by the V.C.FP. condenser. The D.C. valtage cutput fram power
packs will only be the same for a given rectifier meter reading on different
waveshape alternator outputs if the power peck rectifiers are affected in the
same way as the meter rectifier by the change in waveshape.

117, The following table has been campiled fram average readings as a
guide and must not be assumed to hold invarisbly for & given cambination of

units and meter.

V+CuPo Altermator Thermal Meter AYD
Type 3 R 80 83.5
Type 5 U &0 77

This refers to the AVO Mcdsl D, 75V. range x 2.

Minor Voltage adjustments

118, Before meking any voltage adjustments, allow time for any moisture
on the pile to be dried cut hy lesving the regulator in cperation.

119. After approximately 120 hours use the véltage may rise slightly due
to pile wear or shrirkage.

120, For minor voltage sdjustments use trimmers whenever these are fitted.
Where no trimmer is Pitted the core adjustment must be used.

121. I after making trimmer adjustments the regulatimn is poor, the
compreasion and core adjustment will have to be set up as autlined below.

Sett a Regulator (All s Exoept ES)

122. (2) Comect the V.C.P. to its dummy load to avoid damage to

equipment.

(b) Set the core adjustment flush with the face plate. 4 fine
adjustment is obtzined by lining up the punch marks of the
core and the face plate.
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Slack off the campression adjustment.

Coonect a voltmeter acrosa the A.C. output. With the
campression acrew campletely slackened off the alternator

field cirouit is broken. A small A.C. voltege of about 10V.
will be observed due to the residual magnetism of the field..
(f) If the campression adjustment is now advanced, the voltage
should vary as shown in fig.40a. The voltage rises rapidly

to a peak in ths region of 110V, PFurther rotation will

result in a fall to a level where oacillation oocurs, then a
slow fall to scme minimum. The cacillation will not appear
when the BU regulator is used due to the negative feedback
arrangements. The minimm will vary with different settings

of the core and should be in the region of 75V. Further .
rotation from the minimuwn point will result in a fairly rapid
rise. The compression adjusiment should be set on the alowly
falling sides about 5V. fram the minimmm. If oscillation occurs
during adjustment it should not be allowed to contimue if damage
to the ocarbon discs is to be avolded.

{ci Set the trimmer in a midway position.

HOvE - —===meres OSCILLATION
oF
PILE

OPERATING
POINT

BOVl — e e m e e mre m e
78 vh e e - -2

Fig.40(n) - Clockwise Movement of Caupression Adjustment

(g) Check the A.C. voltage and make sny required fine adjustment cm
the trimmer or on the core adjustment if no trimmer is fitted.
If large core adjuatmente are necessary the position of the
campression adjustment must be rechecked as ocutlined above.

Regulation Check

123, Switch off the V.CePs and alternator. Reatart and check regulation
under wvarying speeds between 3000 and 6000 rep.m. Vary the load by means
. of dummy or equipment loads. Voltage variationa should not exoeed + or ~ JV.

Setting-Up the Type E5 Regulator

124 The wvoltege output of these regulators is adjusted by the trimmer.
If a correct voltage camnot be thus obteined it must be assumed that the
regulator is out of adjustment. The following adjustments should be made

using a visual presetting device.

125, a4 sbri.ng—lbaded movable arm, situated on the flange but insulated
fran it, makes contact with a flat disc fixed to the ammature spring assembly.
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It is arrenged that the movable amm breaks contact with the disc at the
point of correct compression. To cbtain a visual indication a low voltage
lamp end leads are used. (One lead is connected to the terminal of the
movable arm on the flange and the other tc a convenient point an the frzme.
If the lamp lights the carbon pile is under-ccupressed. The locking screw
should be slackened off and the campression screw turmed till the light is
just extinguished. The campreseion is then back to the mamfeacturer's
settings The locking screw is then tightened.

126. Should the regulator still prove unstable it must be returned to the
M.U. for repair. The core must not be touched.

127. These regulators are carefully adjusted by the mamufacturer and sealed.
It should be possible to compensate for all normel wear due to "pile shrinkage"®

by use of the trimmer.
4128. The current through the main bpemting coil should be about 140 ms.

V.C.P. Changeover Penel in Lancaster Aircref't

129. Several cases of V.C.P. damage have cccurred through the use of
incorrect changeover procedare in the air. The navigator's altermator field
switch must be in the "OFF" position before moving any of the plugs on the
penel. If this is not dome, it may result in having the field of ane alter-
nator. connected to one V.C.P. apd the amature of the seme alternator
connscted to the other V.C.P. There is then no regulation of the altermator
output. . The resulting voltage increase may destrqy the rectifier and coils
in the second V.C.P. :

The Alternator Type R

130. (&) At speeds between 3000 and 6000 r.p.m, this alternator, when
used in emjunction with & V.C.P. Type 3, should give a full
output of 6.25 amperes at 80V. R.M.3. to a nan-inductive losd.

{'b; The frequency range over these speeds is 1300 - 2000 ¢/s.

¢) The nommal field current should not exceed 2 amperes at 28V.

Maintenance

131. (&) At intervals of 120 flying hours the outer bearing caps should be
removed and the felt lubrication peds sosked in oil (344/60).
A little oil should be applied to the bearing itself.
(b) The bearing caps are secured by & small hexagonal nuts at the
driving end and 3 similar mats at the outer end.

Alternator Type U

132. As for the type R, exoept that a current of 12 amps. can be supplied.

133, When the radar load is removed fram the V.C.P., there ia a tendency for
the A.C. voltage to rise. To counteract this the ocarbon pile goes out to

its extreme limits. This may result in damage to the carbon pile. To
reduce the risk of such damage a 31 ohm resistor is fitted in parallel with

the alternator field.
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CHAPTER 4 = THE H.2.5., TIMEBASE CIRCUITS

Introduction
134, In Chapter 1 it was pointed out that two displays were used in He2.S.

Proper.

The Pirst one discussed was the height tube display which employs a

vertical sean ruming from the bottom to the top with 2 deflection type of

pressntation.

This display is used for measurement of height bty setting the

height marker to the beginning of the ground echo, far homing on heacons, and

for setting-up purposcs.

finding.

It is also very useful as a monitor tube for fault

135, It was also pointed out in Chapter 1 that the main display uses a
P.P.I. preaentation to show target indications in the form of a relief map
where strong returns from rugged coastlines and heavily bullf=-up areas show
as bright patches, while water shows up nearly black againat the background
luninosity produced by the general ground returns. The following features
of this displsy were pointed out:-

(a)

(b)

()
(a)

(e)

()

(2)

(b)’

In order that the centre of the display may represent the
point on the earth's surfece directly below the aircraft

for all aircraft heights, the timebase ocircuit must be
triggered by the height marker which must have been aet to
the begimning of the ground echo. The scan will then start
at the tube centre when the ground echo reaches the aircraft.
The timebase must be synchronised with the trensmitter and
therefore gives one sweep for every transmissicn, i.e. 670
sweeps per second or sweeps at 1500 microsecond intervels.
The timebase must be nomn=-linear in order to obtain a
distortion-free display, i.e. a display in which target
indications sppear at distances from the centre which are
proportional to their ground range.

In opder that this freedam from distortion may be obtalned
at all aircraft heights it is necessary to make a correction
for height. This is done by means of a distartion cerrector
control on the indicator pansl.

The radial timebase sweeps move around the faoe of the tube
in synchronism with the rotation of the scanner. 1r the
scanner rotates at 1 rep.s. the timebase makes 670 redial -
sweeps per revolution. These sweeps must then occur at
intervals of ég% or slightly more than % degree. For

foster scarmsr speeds the interval will be greater which may
tend to give the display a pleated effeot.

A scan-marker switch on the awitch unit can be set to give
three different velocity scans and, henoe, different ground
range oOverages. The available ground renge coveragses are
approximately 10, 20 and 40 statute miles.

By setting switches on the indicator and heading control
unit to "Course" and using a -setting kncb, the brightened-up
timebase sweeps ococcurring at the instant the scamer goes
through the dead-ahead position can be made to appear at any
bearing on the display. Ry setiing the bearing ring to the
airaraft oourse and adjusting the setting knob until the
brightened-up timebase sweeps (or heading marker) coincide
with the bearing pointer, it is arrenged that the bearing
along which eny sweop takes place is the beering of the
direction in which the scarmer is then locking, referred to
the top of the display as North. Target indications will
then appear at the correct bearing on the display and the
HeZ2.S+ map is ocrrectly =et. ;

If the heading control unit switch is set to "ato® the D.R.
canpass is linked into the installatiom to koep the map
correctly set as the aircraft alters course. .
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Qutline of the Timehese Circults

13%6. (a) Fig. 42 gives the major sub=sections in the development
of the timebmses in block schemsatic form.

ﬁbg Pigs. 41 and 46 give the major cirocult details.

c) Pigs. 43, 49, 50 and 54 display the primary waveforms.

Ed) Fig. AL shows the principle of the magslip.

e) Fig. 45 shows the type of non-linear timebase velocities
used for the P.P.I. timebase.

The Mester Multivibrator

137, V500 and V501 in the waveform generator form a cathode-coupled master
mltivibrator free-rumning at approximately 670 o/s. When the scan-marker
switch on the switch unit is operated ome of the results is a switching of -
circuit components in this stage. When this switch is set for scans of 10,
20 and 40 miles, respectively, the multivibrator delivers & square weve at the
anode of Vo1 with proportions &s follows:~

Scen Negative Positive Period
10 mile 240 1250 1500
20 mile 72& 78 Vi 1500/.’.B
40 mile 1200 s 200 pas 1 500/.;1;

An sntiphase square wave sppears at the anode of V500.

The switching Valve, V502

138. The master aquare wave fran V501 anode iz applied to V502 diode enodea
snd serves to cut the triode section of V602 an and off. During the negative
part of the master asquare wave input the triode canducts and the anode of o2
tends to fall exponentially. During the positive part of the mester square

wave the triode part of V502 is cut-off and the ancde tends to rise exponentially.

The Lineariser, V503

139, If V503 is removed 2 large emplitude expomential rise and fall gan be
dbserved at V502 anode but when V503 is inserted only a amall waveform is
observed.

140. Outputs fronm V502 anode are applied to both grid and cathode of V503,
The cathode input serves ag a form of negative feedback. Additional negative
feadbsck is applied to the grid of V503 fram ita ancde. These negative feed~
back arrangements are emplayed to produce a linear sawtooth at V503 anode.

The Bass Boost Valvq, V50

141, The output inpedance of V503 ia so high that the sawtooth cammot be
epplied to a low inpedence ceble fram V503 anode. V50, is used as a negative
feedback amplifier to provide a low inpedance output that can be matched to a
low impedsnce cable. To allow for the fact that low frequency losses are
experienced in subsequent stages a discriminating negative feedback is
employed. This is achieved by feeding back fram anode to grid through two
«0015 condensers in parallel. The sawtooth with 2 recurrence frequency of
670 ¢/8. can be regarded as being synthesised from a 670 ¢/s. sinewave with
hermonics of suitable amplitudes and phases. A capacity of 003 microfarads
will offer low impedance to the high frequency camponents but high impedance
to the low frequency campanents. The impedance at 1000 c/B. ia greater than
50K. Henoe, the negative feedback in the low frequency range of the sawtooth
canmponents 1s less than at the higher frequencies. V504 will therefore tend

.
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to give greater amplification to the low-frequency camponents than to the
high frequency oamponents. The subsequent low frequency losses are thus
provided for before they oocur. The atage canprising V50l and the trans-
former T501 therefore performs two funotiams:-

(a) Anticipates low frequency losses by providing exosss low
frequency amplification or “bass boest™.

(b) Serves as an impedance transformer by means of which
& push-pull sawtooth of about 50 volts amplitude from
& oentre-tapped secondary can be applied to a low
impedance (20 ohm) cable far tremsfer to the magalip in
the scanner.

Synchronisation

142, The transfommer T501 alsc provides another sawtooth output, which swings
between about =150 v. and earth, fram another secondary winding earthed at the
high end. This cutput is used to develop a bright-up aquare wave and the
transmi tter-timing pulse. The locking of the hright-up waveform end signals
to the timebese is accamplished by using the mester multivibrator to davelop
both the sawtooth which produces the timebase, and also the sawtooth which is
uged in the development of the bright-up and transmitter—timing waveforms.

The transmitter-timing pulae is also used to develop the waveform which is
used to trigger the height and range markers so these slso are locked to the

timebase.
The Height Tube Timebase

143 The timebase sawtooth eutput fram T501 divides at the waveform generator
panel. One output is taken fram a two-pin plug to the Indicator 164 where it
is applied to the primary of a sawtooth transformers Mis transformer amplifies
the sawtooth about six times to give approximatély 300 volts push—pull across

the Y-plates of the height tube for the linear height tube time-base.

144, As the transmitter fires at approximately the centre of the sawtooth
the first half of the height tubg scen is of no particular intereast. A
vertical shift control is provided by means of which the uaeful part of the
scan can be made to cannence pear the bottam of the height tube, As was
pointed out earlier, the I.F. auplifier ia suppressed for a 20 microsacond
period, terminating approximatelyat the end of the main trensmitter pulse.
This 20 microsecond quiescent period shows as a noise-free break on the helght

the receiver-timing unit. If this suppression control is correctly adjusted
the height tube display will show Just the "tail® of the trensmittier pulse as
a smell blip to the right at the end of the suppression breek. This "tail®
indicates the approximate position of the time zero on the sawtooth, l.e. when
the transmitter fires. When the height tube vertical shift control is ad-
justed to bring the suppressior nreak aa nearly as possible to the bottam of
the tube the maximmm useful 1t : ~overage will be provided. The approximate
coverages evailable for the different mettings of the scan-marker switch are

as follows;~

Range Cove

Position Duration of Sawtooth Statute mi':go

10/10 240 microsecands 8 miles (ground)

10/20 720 " 30 milss (alant

30/20 720 " 30 miles {slant
100/20 720 n 30 miles (slant
100/4,0 1200 " 50 miles (slant
100/1,0~80 1200 n 40-90 miles (slant
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145. When the scan-marker switch is in the 100/40-80 poaition the trans-
mitter fires approximately 500 microseconds ahead of the centre of the saw-
tooth. The suppression break will then be off the tube and the first signals
that can be diaplayed will be fram about 4O miles away. This position of the
scen-marker switch is used when Lucero is being used with haning beacons.

The 8li

146. A second sawtooth output in parallel with that taken to the indicator -
for the height tube is taken to the scamer via Pins 2 and 6 on the 6A plug.
Mis sawtooth is applied to the rotor of a magslip or rotary trensformer.

The slip has two stators in which the rotor induces sawtooth voltages which
are 90° out of phase and whose amplitudes are always such that the resultant

of these two camponents, when they are added vectarially, will be a sawtooth

of the seme amplitude as that applied to the rotor. When the rotor is making
full coupling with Stator 1 it makes zero coupling with the Stator 2. The
output fram Stator 1 is then equal to the input voltage and the output froam
Stator 2 is zero. If the magslip rotor now turns through 900 the autput from
Statcr 1 drops to zero while that from Stator 2 yises to a maximm equal to

the input voltage. During the next quarter turn the output from Stator 2

drops to gerc while that from Stator 1 rises fran zero to a maximm in the senae
opposite to that at the cammencement of the turn.. During the third quarter
turn the output from Stator 1 falls to zero while that of Stator 2 builds up
from zero to a maximun in the reverse sense to that which 1t had at the end of
the first quarter turn. During the final quarter twrn the output from Stator 2
falls to zero again while that of Stator 1 builds up from zero to a maximum in
the same sense as when the turn commenced. The magslip rotor is geared to the
scarmer sheft and rotates in synchronism with the scarmmer at all times. Hence,
as the scanner turns, the magslip stators are developing sawtooth outputs which
fulfil the following canditions:-

(a) Eaeh goes through the following cycle for one turn of the rotor:
(1) Zero to maximm in ome direction.

(ii) Maximum to zero-
(Lii) Zero to maximum in reverse dlreotion.
(iv) Maximum to zero.

¢) The meximum amplitudes are equal to the rotor input voltage.
d) The vector sum of the ocatputs is always equal to the rotor

input Volta.ge-

147. The sewtooth outputs fram the magslip stators ere taken from the scammer
direct to the Indicator 184 if Pishpond is not used, ard to the Junction Box
Type 222 if Fishpond is included in the installation. In the latter case
parallel ocutputs are taken from the Junction Box Type 222 to the Fishpond
Indicator and the He2.S. indicator. It is the use of this sawtooth ocutput

to develop the timebases for both the H.2.5. P.P.JI. display and the Fishpand
P.P.I. display that serves to synchronise these displays.

g'b} The two outputs are always 90° ocut of phase.

Timebase Working Strokes

148, In para.137 the durations of the positive and negative-going phases of
the master aquare wave were listed. In para.138 it was noted that the master
square wave was used to eut V502 triode o and off to produce a falling ex-
ponential at V502 anode auring the negative phase of the master square wave

and a rising exponential during the poaitive phase. In pare.140 it was pointed
out that V503 served to linearise these exponentials end develop the actual
sawtooth. The working stroke of the sawtooth, i.e. the part used for the
development of timebases, is the pert correaponding to the negetive pert of

the master square wave. The stroke ocourring during the positive part of the
master square wave produces the flyback in all the timebases. From the data in
para.138 it follows then that the available working strobe durations are 240,
720 and 1200 microseconds. The reason for these time values arises out of

the deaign of the indicators used in earlier Marks of He2.S. In these earlier
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indicators 10, 30 end 50 mile linear scens were used which carried the cathode
ray tube eleotron beam across a tube diameter on the working stroke of the
sawtooth. The first half of this stroke was blacked out to leave only the
second half of the sweep effective, i.e. an effective redial timebase was
employed. The echo times for 40, 30 and 50 miles would be 107, 321 and 535
microseccnds respectively. It is apparent then that woriing strokes of 240,
720 and 1200 microseconds duratiom would be, when halved, of ample duratian
to cerry the spot fram centre to circumference in these echo times without
employing the peaks of the sawtooth volteges which tend to be rounded off.

Shaping of the P.P.I. Toebase

149, The varying amplitude linesar sawtooth voltages from the magalip stators
are used to develop the non-linear radial scans used on the He2.3e P.P.l. The
10, 20 and 40 mile scans ere developed from the 240, 720 and 1200 microaeconds
working strokes, recpectively. Before prooeeding to study how these linear
sswtooth volteges are used to develop non-linear timebase voliages it may be
praofitable to consider what type of waveform is required. We lnow that the
scans are to meet the following conditions:- '

(a) Commence when the height marker forms which involves same
form of triggering by the height marker.
(v) Have such velocities that target indications will sppear
at distances fram the centre proportional to their ground .
' range for all aircraft heights. '
(¢) Provide ground range coverage of approximately 10, 20 and
40 statute miles.

Suppose we consider an aircraft at a height of L miles using an indicator

that provides the desired type of scens on a tube of 21" radius. Curves 1,

2 and 3 in Pig.45 show the type of veloclty curves that would be required.

The data used for constructing these curves is shown in the accampanying

teble. Column 1 liats target grourd ranges fram O - 40 milea; columana

2, 3, and 4 list the distance from the centre at which indications fram
targets at these ranges should appear to make distance fran centre propor-
tional to ground renge. Column 5 gives the slent range corresponding to a
height of i miles end the ground range in cclumn 1. Since the speed of radio
waves is 10.7 microseccnds per mile return we can determine the corresponding
echo times by multiplying the slant range by 10.7.  These echo times, re-
presenting the time interval between the instent the transmitter fires and

the instemt the echo returns to the aircraft, are ahown in column 6. Since
the electron besm must not leave the tube centre until the height merker fomms,
i.e. when the ground echo returns, the time of travel of the cathode ray tube
apot is found by deducting from the echo time the echo time for the grourd
echo. For a height of 4 milea the echo time for the ground echo is 4 x 10.7 =
42.8 microseconds. Deducting this value from each figure in column 6 we
obtain the figures in column 7. If we now plot the values in columns 2, 3
and 4 as ordinates, against those in colum 7 as abaciasee, we cbtain curves
1, 2 snd 3+ These curves show how the cathode ray tube spot must move on
each of the three scans, to be at such a distance frau the ocentre when any
echo arrives to brighten up the sweep, that the indication is at the desired
distance fram the centre. The steepness of the curves at the begirning of
the sweep indicate that the spot must move very rapidly at first. The spot
then gradually slows down to a nearly coastant speed since the curves become
nearly straight lines, indicating an almoet canstant velocitys The develop-
ment of waveforms of this shape is achieved by amplifying the linear sawtooth
outputs from the magslip stators by means of transformers, then differentiating
these amplified sawtooth waveforms Yo produce square waves which are applied

to two charging C.R. carbinations. The tlmebase developments are indicated in
the block schematic, Fige 42. The actuel campcnents can be seen in the circuit
diagrem Fig.46. The differentiation of the sewtooth fram the secondary is
done by Ch4, R4, and C3, R} performs the same funetion for the sawtooth on the
secondary of T3. The square wave appearing at the top of Ri serves as &
charging voltage for the network farmed by €10, C12, 13, VR4, VRS, R
Similerly, the squere wave appearing at the top of R3 serves as & charging
voltage for the network formed by Ci7, C18, C19, VRé, VR?, R3.
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Differentiation of a Sawtooth

150. The developrent of a square wave by differentiation of a sawbtooth may
seem puzzling to the Rader Mechanic who 1ls accustamed to the differentiation
of rectangular wavefomms to produce pips. The subject may perhaps be most
simply approached by recalling the nature of both square and sawtooth weveforms.
iny such waveform may be synthesised from a fundsmental sinewave of frequency
equal to the per.fs of the waveform, plus hamonics of this fundamental sine- .
wave of correct esmplitudes and relative phases. The steeper the edges of a
waveform, the greater the proportion of high frequency campanents. A aguare
wave, therefore, has e higher proportion of high frequency canponents thaen a
sawtooth of the same perefs When any wavef'orm is applied to a differentiating
circuit consisting of s ammall condenser and large resistor, the resistor offers
equal impedence to &ll freguencies but the condenser offers an impedance which
decreases as frequency rises. The voltage developed across the resistor will
then be a higher proportion of the applied voltege for the high frequencies
than for the low fregquencies. The voltage appesring across the resistor (and
anything else in series with it) will thus tend to be squered (fig.48), ‘The
amplitude will be reduced, due to the loss of the greater smplitude low
frequency canpanents across the small condenser. We thus obtain fran the
sawtooth input to C3 a squared weve whose wvoltage appears across R3 and the
CeR. network in series with it. The same result is produced ascross Rj and
its series C.R. network by the sawtooth applied to Ch.

Action of the Distortion Corrector Control

151, Curve L has been included to show how a change in aircraft height
influences the shupe of the timebase waveform that is required to maintain a
display with constant ground range coverage, i.e. which keeps the target
indications of a given ground range et the same distance fran the tube centre
as slant range changes. Column 8 tabulates slant ranges for an aircraft
height of 3 miles and column 9 tabulates the ‘corresponding echo times. For
a height of 3 miles the ground echo time is 3 x 10.7 or 32.1 microseconds.

The times of travel for the cathode ray tube spot are found by deducting 32.1
microseconds franm the echo times. These values ere shown in column 10.
Plotting the values in column 2 against those in column 10, gives curve 4.

It cen be seen franm the curve and franm the figures in column 10, that the
spot has longer time intervals in which to travel the same distance than when
the height is 4 miles, Hence, as the aircraft height decreases the velocity
must be decreassed. These changes are achieved by varying the setting of the
potentiameters in the two charging C.R's by means of the distortion corrector
control. The pointer of this control tracks acrose a scale which is call-
brated in intervals of 5,000 feet of height. Wihen set to the aircraft height
the potenticmeters in the charging C.R's are set to the value which will give
a charging waveform of the required shape. The potentiametera VR4, VRS,

VR6, VR7 are ganged and move together when the distortion corrector control is

operated.
Developing the P.P.I. Timebase

152. The method of employing the charging curves developed when the square
waves obtained by differentiating the linear sawtooth waveforms are used as
charging voltages on our two charging Ce.R. networks, is implied in the block
schematic. The details are shown in the circuit diagram Fig.46 and waveforms
in Figs. 50 ard 54.  The charging waveforms, correctly shaped by the design
of the charging C.R. network, are applied to the grids of V6 and V8. V6 and V7
form a cathode-coupled paraphase amplifier which develops amplified antiphase
versions of the cherging waveform applied to V6 grid, at the eanodes of V6 and V7.
These antiphase outputs provide the push-pull timebuse waveform epplied to the
X=plates of the P.P.I. VRS controls the gain of this stege 3o serves as an
X-amplitude control. V8 and V9 form a similar peraphase amplifier which feeds
antiphase waveforms of the requisite shape to the Y-plates and VR11 serves as
a2 Y-smplitude control.

153, Since the outputs of the magslip stators are slways 90° ocut of phase

the charging square weves obteiuned by differentiating the sewtooth wave forms
are likewise 90° ocut of phase. Hence the charging waveforms on the grids of
V6 and V8 are 90° out of phase. This means that the push-pull voltage applied
across the X-plates is always 90° out of phase with the voltage simultancously
appearing across the Y-plates.  Suppose that at sane instant the magslip rotor
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makes full coupling with the stator that feeds Th. It will then be making
gzero coupling with the stator that feeds 73, Hence we have the maximum
-emplitude sawtooth on T4 primary, end hence the maximum charging square wave
epplied to the charging C.R. at V6 grid. We will then have maximun amplitude
antiphese waveforms et the enodes of V6 and V7. Since the rotor is now making
gero coupling with the stator that feeds T3 the sawtooth applied to T3 primary
has zero amplitude. Hence there is no charging squere wave to operate on the
cherging CeR. at V8 grid and no output fram the enodes of V8 and VS« The
cathode ray spot is then subject anly to a timebase voltege acrcoss the X-platea.
Let us assune that the sense of this deflection is such as 10 cause a horizontal
aweep fraom the centre to the right. During the next quarter turn of the mag-
slip rotor the sawtooth input to T4 drops to zero while the input to T3 rlses
to & maximum. We will now only have a charging sguare wave on V8 grid and a
deflecting voltage only across the Y-plates. This will be of such a sense as
to carry the spot fram the tube centre dommward. A quarter turn later there
will be zerc amplitude charging square wave for V8 and a maximum amplitude
square wave for V6 but in the reverse sense. The spot will therefore travel
harigontally fram the centre to the left. At the end of another quarter

turn it will be trevelling vertically upward from the centre. When the magslip
stator is making a partial coupling with both stators there will be charging
square waves for both charging C.R'a. These will be 90° out of phase since
the sawtooth voltages from which they are produced are 90° cut of phase. The
emplitudes of these square waves are such as to produce charging waveforms on
the grids of V6 and V8 whose vector sum is equal to the maximum amplitude
appearing at either grid. The vector aum of the outputs from both parephase
amplifiers will therefore always be equel to the maximun emplitude applied
across either set of plates. Hence, the amplitude of the radial scan should
remain constant as the scamner and magslip turn and cause constently varying
amplitudes mcross the X and Y plates whose vector sum gives a resultant scan
that rotates in synchronism with the scamner. This is not quite true because
the X and Y plates have different sensitivities. .

Development of the Different Scans

154. The next point to consider is how altering the setting of the scan-mariker
switch, and hence the proportions of the master square wave and sawtuoth output
fram the magslip stators, serves to develop different veloclty timebases on the
P.P.I. To deal with this question we must first consider what determines the
rate at which the grids of V6 and V8 rise or fall when a charging square wave
acts on the charging C.R's. As in a simple CeR., the charging rate deperds on
the charging voltage. - Hence the greater the cherging voltage provided by the
charging square wave at the inatant the height marker forms, the greater will
be the rate at which the grid potential changes due to the charging of the C.R.
1f the square waves resulting from sawtooth differentiation are examined at

the Junction of C3, R3 or C4, R4 for any position of the scamer it will be
observed that the square wave amplitude developed by the 240 microsecond saw-
tooth is greatest, that developed by the 1200 microsecand sawtooth comes next and
that fram the 720 microsecond sawtooth is mmalleat, On the face of things thia
seems rather contradictory to what we might intultively have expected. We
must remember that as the scan-marker switch setting is varied to produce
different scans, relsys in the waveform generator switch circuit companents in
the master miltivibrator and switching velve stages. The effect of these
changes gives us sawtooth waveforms with different working strokes but conatent
per.f's anl nearly constant amplitudes. We may, therefore, regard our saw-
tooth waveforms as being made up by the synthesis of the same fundasmentel 670
o/s. sinewave and its harmonics. The differences consist in different
amplitude and phase relations between these harmonicse It was pointed out
earlier that the steeper the edges of a wavefom the greater the proportion

of high frequency components present. The 240 microsecond sawtooth has a
working stroke of 240 microseconds and the 1200 microsecond sawtooth has a
flyback of 300 microseconds. These waveforms have, therefore, a higher pro-
portion of high frequency campments than the 720 microsecond sawtooth which
has a 720 microsecond working stroke and 780 microsecond flyback. Since the
condensers 3 and C4 cause low frequency losses, the 720 microsecond wavefcrm
ia affected more than the other two as it has the greatest proportion of low
frequenqy camponents. Hence, we get the meximum emplitude square wave from
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the 24,0 microsecond sawtooth which haa the lowest proportion of low frequency
components and the next greatest esmplitude fram the 1200 microsecond sawtooth
with the 300 microsecond flyback, since it has the next loweat proportion of

low frequency components.

155, We have accounted for the unexpected relationship between the amplitudes
of the charging square waves, but we must still account for the fact that the
smaller square wave from the 720 microsecond sawtooth provides a greater
charging voltege and develops a higher velocity scan than the greater amplitude
square wave fram the 1200 microsecond sawtooth. The Redar Mechsnic lmows
that when a waveform is passed through & condenser it centres itself sbout the
D.C. level to which the condenser leek is returned. For C3 and Ci the leaks,
R3 and R, are effectively returned through the clamping diodes to about ~100V.
The square waves will then be centred sbout this level, i.e. the part of the
waveform area above this level must be equal to the portion below it. For
the narrow charging square wave developed fram the 240 microsecond sawtooth
the major part of the square wave amplitude will be above the =100v. level so
we have a high effective charging voltage, since the charging voltage is fixed
by the potentiel difference between the mean and peak levels. The mean level
of the square wave from the 1200 microaecond sawtooth will be well up aon the
waveform because the charging square wave has a width of about 4/5 of the
waveform. Henoe, the actual charging voltage is relatively low, although the
square wave amplitude is great. The aquare wave dsveloped from the 720 micro-
second. sawtooth is roughly symmetric hence its mean level is near the centre
and the charging voltage is roughly equel to half the amplitude. This pro-
vides & cansidersbly greater charging voltage then that fwrnished by the 1200

microsecond sawtooth.

156. When the scen-marker switch is set to the different scan positlons we
then apply such charging volteges to the charging networks that our 240 micro-
second sawtooth develops a non-linear scan whose velocity is such as to give
approximately 10 miles ground range coverage, the 720 microsecond sawtooth
dsvelops a 20 mile coverage, and 1200 microsecond sawtooth dsvelops a 40 mile

coverege.

The Diode Clamping circuit

157. The next problem we must cansider is how it is arranged that the

height marker should start the radial sweep of the timebase fram the tude
centre. This is accamplished by means of the phantastron atage, V2, and the
diode clamping circuits of V3, Vi and V5. The cammon point of the secondaries
of T3 apd T4 and the cammen point of the diodes V3a and V3 are tied to a point
which is held at about =100 volts by mesns of a bleeder network between -300
volts and earth amd decoupled by Ci1 + Clh  The components in this bleeder
are R28 and VR9, VR10 and R25. The ancdes of the diodes Via, Via and V5a

are atrapped, as are the cathodes of V3b, Vib and V5bs The controls, VRZ and
VR3, can be used to adjust these strapped lines to approximately =100 volts.
Since the grid of V8 is tied to the common point of Via and ¥4b, and the grid
of V6 is tied to the cammon point of VSe and V5b, these grids cemnot shift
from the =100 volt level as diode conduction will ocour in one diode section
if the grids try to rise, and in the other gsection if the grids try to fall.
Hence the charging square waves applied to the C.R's on the grids of V6 and V8
will not cause any movement of these grida while the diodes are able to con-
duct. We say, therefore, that the diodes are clsmping the grids.

The Phantastron

158. V2 is a phantastron stage. A phantestron is essentially e cne-wvalve
flip-flop which develops antiphase square waves at the screen and cathode.

In its steble state the cathode current raises the cathode potential sufficient-
1y high to cut off the anode current by means of suppressor bias since the sup-
pressor is returned to earth through the trensformer, T2. .
eurrent is then pessing to the screen which ig at its minimm potential to

the cathode ig at its maximm potential. The diode Vi 1imits the potential
to which the anode can rise to the velue at the junction of R6L and R65.

When V2 is in this stable state, the strapped dicdes anodes ard cathodes ,
should both be at about =100 volts. If the height marker (amplified by T2 to
about 20 volts) is now applied to the suppressaor, i1t over-rides the suppressor
bias sufficiently to cause a sharp flow of current to the anode. The screen
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potential then rises sharply and carries up the strapped diode cathodes.
At the same time the fall at the anode is transmitted via Cu5 to the
grid and the cathode current diminishes. The cathode potential now falls
sufficiently to remove the suppressor bias after the height marker ends. This
sharp fall at the ocathode, which is coincident with the rise at the screen,
pulls down the strapped diode cathodes. The six diode sectlions are thus cut
off simultaneously when the height marker forms. Since. the grids of V6 ard
 ¥8 are now unclamped, the cherging square waves are now able to act on the
charging Ce.R's and develcp waveforms on the grids of V6 and V8 of the required
non-linear types These, as discuased previously, are smplidied by the para-
phase amplifiers to develop the push-pull volteges applied to the deflecting
plates which produce the radial timebase swoeps. The radial timebsee therefore
commences its aweep when the height marker forms. If the height marker has )
previcusly been set to the beginning of the ground echo the sweep begins when
the ground echo reaches the airoraft. The centre of the display now represents
the point on the earth's surface directly beneath the airoraft.

159, The height marker which is used totrigger the phantastron is developed
in the receiver-tiiming unit. It is brought out fram the receiver-timing unit
at the white Pye plug. If Iucerc is not inoluded in the He.2.3. installation
e Pye cable takes the height marker directly from the white Pye plug on the
receiver—timing unit to the yellow Pye plug at the imdicators If Imcero is
used ane cable goes from the white Pye plug ao the receiver=timing unit to the
white Pye plug on Lucero. A second cable fram the yellow Pye plug on Lucero
to the yellow Pye plug an the indicator then campletes the channel.

460. The grid of V2 is returned through R5 + R6 to the Junction of B6L4 + RE5.
When V2 is in ite stable state the grid will rise until its potential is Jjust
gbove that of the cathode. Crid current will then flow until the wvoltage

drop developed across R5 + R holds the grid jJust slightly above the cathods.
When the errival of the height marker on V2 suppreasar switches part of the
screen ourrent to the anode, the fall at the ancde carries the grid down until
an equilibrium point is reached where a further fall at the grid results in a
reduction of anode current which tends to make the snods rise. The reason
why the grid can fall considerably and the enode current increase aimul taneously,
is the fact that the reduction of the cathode current ty a falling grid potential
drops the cathode potential and so removes the suppresscor bias. This causes
the anode current to increase at the expense of the screen current. Hence,
elthough the cathode current has dropped the anode current has inoreased.

¥hen the equilidrium point is reached, electrons leak away fram the lower plate
of C5 through R5 + R6 thus ceuaing the grid potential to rise. The cathode

. eurrent therefore rises and the cathods follows up with the grid. The anode
current then temds to rise and cause a further flow of electrans to the top
plate of C5  Since this flow is slower than the leak-sway from the lower
plate of C5 the grid and cathode potentiala rise slowly in accordance with the
not rate of discharge of C5 through R5 + Ré.  The anode mearwhile contimies to
fell because of the slow rise in anode current as the grid potential rises.

161. ‘This stage contimues until the cathode potential has risen sufficlently
to again bring suppressor bias into operation and ceuse 2 reduction of ancde
oxxrente This reductian causes the anode to rise and carry the grid and
cathode up together to increase the suppressor bies still further. The cycle
is cumilative so the anode current is quickly cut off by suppreascr bias; the
cathode and grid rise to their stable state levels, and the screen falls to
its atable state level. The diodes are now agein conducting so the grids

of V6 and V8 are quickly returned to their clamped level. The paraphase
emplifiers are now passing & steady current since the grida are statiomary,
and the anode potentials sre therefore stationary. Since the ancdes of the
paraphsse amplifiers ere directly occupled to the P.P.I. deflecting plates the
cathode rey tube spot will return to a position determined by the static poten-
tials at the amplifier ancdes. Ry suitably adjusting the grid potentials of
V7 and V9 by means of the controls VRY amd VR10, these ancde potentials can.
be edjusted to centre the spot, lee. to have the radial scans start at the
tube centre. VEY is therefore the X-shift and VRIO the Y-shift.
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162. The grids of V6 and V8 are unclemped for the period that V2 passes
anode current, i.e. until the lesk=away at V2 grid has increased the cathode
current sufficiently to bring suppressor bdias into operation again. Thia
period is determined by the C.R. of C5 R5 and lasts about 1000 microsecands,
allowing ample time for the campletion of even the slowest scan. Since the
height marker p.r.f. is the same as that of the master mmltivibrator it occurs
at 1500 microsecond intervals. As the grids of V6 and V8 are unclamped for
4000 microseconds they must be clamped for a 500 microsecond period before

the height marker forms.

RBffects of VB2 and VR3

163. So far the only mention made of the controls VR2 and VR3 has been to
state that they can be used to set the D.Cs levels at which the strapped
diode anode and eathode lines sit to about =100 volts. From Fig.46 it cen
be seen that we have a bleeder network between +300 volts and =300 volts
 formed by VR15, RS, B9, Ri6, R17, VR3. Altering VR3 will then vary the total
resistance in the bleeder and hence the bleeder current. This change in
bleeder current will cause a variation in the D.C. potential at the junction
of R9 and R16, i.e. the potentisl to which the strapped diode cathodes are
tied. At the same time there will De a variation in the D.C. potential
applied to V2 screen. VR2 appears in a bleeder network between =300v. and
earth, made up of Ri12, R27, Rk, E15, VR2, R10, R13. Altering VR2 alters the
equivalent resistance and hence the blesder current. Hence, by varying VR2
the D.C. potentiel to which the strapped diode ancdes are returned can be
varied. Simultaneously the D.C. potentisl to which V2 cathode is returned
will be altered. . Hence VR2 and VR3 appear to do two things simultanecusly:-

Ea; Vary the operating conditions of the phantastron, V2.
b) Vary the potentials to which the strapped diode ancde and
cathode lines are returned.

Action of V3

164. Let us suppose that the cammon point of V3a and V3b is returned to
approximately -100v. and the D.C. potential of the strapped cathodes is more
negative than this value. V3b will then pass current until the diode current
flowing through the bleeder network raises the potential at the Jjunction of

R9 and R17 to Just below =100v. Similarly, if the potential to which the
strapped diode anodee are returned is poaitive to -100v. Ve will pass current
through the other bleeder until the potential at the Junotion of R11 and Rtk
is Just above =100v. Hence V3b will pull the diode cathode line to approxi-
mately =100v. provided the D.C. potential to which this line is tied is not
too far negative to this-velue. Similarly, V3a will pull the diode anode
line to epproximately =100v. provided the D.C. potentiel to which this line

is returned is not too positive to this value. It follows then that VR3 can
have a limited range of settings that return the diode cathode line to a value
negative to the decoupled potential at the common point of Via and V3b without
appreciably altering the D.C. level at the junction of R ami R16. Similarly,
VR2 can have a limited range of settings that retum the diode anode line to

a value positive to the dscoupled potentisl at the common point of V3a and

V3b without materially altering the D.C. level at the Junction of R11 and Rik.
Hence, as long as VR2 and VR3 are within these limits the atrapped diode anode
and diode cathode lines will be very nearly at the same potential as the de-
coupled potential at the junction of V3e and VJb. Since the sections of Vi,
and V5 are in parallel with those of V3 and have essentially the ssme impedanoce,
they will pess the seme currents. The D.C. potential at the common point of
Via and Vib and the ocomon point of Ve and V5b, will then be essentially the
seme as the decoupled potentisl at the Junction of Via and V3b while the
settings of VR2 and VR3 are within this range. Since the grids of V6 and V8
are respectively tied to the ocmmon points of VDa, ¥5b and Vha, Vib, these
grids will then also be at the decoupled potential of the jJunction of Via, Vib.
V3 thus serves to fix the clamped levels of V6 and V8 grids to a steady value

for a limited renge of settings of VR2 and VR3. Obviously V3 canmot perform
these functions if i{g =mo =et a= to return the strapped diode cat odes to
a gotenti-a'i positive to that at the Junction of V3a, Vb or VRZ2 is Bo set as

to return the strapped diode anodes to a potential negative to that at the
Junction of V3a, V3b.




I TJco.0806L

DEVELOPMENT OF ffl. TinaE | BASE
10 MILE SCAN

H R SAWT ot
?-%STE o

WAVEFoRM aenee.a g
60 _To RoToR of MAg Lif
1] SLANNER

MARIMUM ~ 9
z_u'ruvs 'r-‘\
PRIMARIES OF ScA
WANSFoIZMERQ LlecA'roﬂJ
T4
MA‘AMU
K/AM?LVW%‘E
____ CHARGING SAUARE WAVES
SAWToOTH WAVEFORMMS =R xemoraropff—=———->=

PIEFERENTIATE D

Claraing

“leg? VoLTAGE

7Y cg"e R4 c:s‘l f3

HEIGHT MARKER USED
To Tﬂloc‘\é‘s fHANTAS TR

cLAMPING Dok CA'MO

»2‘9%{1— - AR e, F?oneeu

-_l.- M.M-S.ECS. _311——-—
— r— RN PHANTAS'TRON CATHOPE ™ |

To DIOPE ANCD

I
cuMNG
Ve afio VARE w.w%ﬂs dhirae CR
~logv
mmw
it
V7 Anove vb AriovE Y9 AmooE

v

‘%' PLaTes -t"losv to_'rfEH"{lfl. vnmeomi%v
By ¥ H'smrfo fort ve A.Z’o

AN b!_"_\"v;mss Vﬁrame&a B-f

RESWBANT DIRELTION
ESCAN

FIG.50




_ C.D. 08965
Fhantastron Stebility

165+ It would appear, then, that as long as the settinhgs of VR2 and VR3
remained within the limita discussed, these controls would influence neither
the potentiels of the strapped diode linea nor the operating conditions of
the phantastron. This is not, however, quite the case. Although V3 tends to
return the Junctions of B9, Ri6 and R11, RiL to a constant velue by super-
imposing a suiteble diode current on top of the bleeder currents, the bleeder
currenta are still different. Hence, altering VR3 alters the bleeder current
through R9 and hence the potential of V2 screen. Similarly, -altering VR2
alters the bleeder current through R27 and hence V2 cathode potential. These
controls can, therefore, influence V2 operating conditions without altering
the potentiala to whioch V6 and V8 grids are clemped. VR15 provides an
additionsl means of altering the operating polnt of V2 scresn. For V2 to
operate relisbly the following conditions should be fulfilled:-

(a) In the stable state the cathode, anode and screen
potentials should be such that the suppressor bias
is able to cut off anode current campletely. If
this candition is not fulfidled es in

s -up ¥ es cause increease
anode current which will cause the grid to f and
initiate spurious triggering.

(v) When triggered, the reduction in cathode current due
to grid fall must drop the cathode potential sufficient-
1y to remove the suppressor bias by the time the trigger
. waveform is terminated. :

Since both these conditions are contingent on suitable operating potentials
for the screen and cathode, the permissible aettings of VR2, WVR3, and VRi5
for phantastron stability must be such as to fulfil these canditions in
addition to those which enable V3 to fulfil its functions.

166 V2 will be giving stable phantastron operation if the screen waveform
shows a steady constent amplitude square wave with a p.r.f. of 670 ¢/s. and
positive and negative portions of approxdimately 1000 and 500 wmioroseccomnds
duration respectively. This square wave must move along the height tube

trace as the height control is operated and must disappear if the he!.gl_gt
marker trigger 1s removed fram V2 suppressor by disconnecting the yellow

ing -
Pye lead at the indicator.

Phentastron Square Wave Amplitude and "Sguaring® Effects

167+ VRZ and VR3 have a further effect which we have not so far considered.
We have pointed out that V2 develops at its screen a square wave with a
positive portion of 1000 microseconds and negative portion of 500 microeeconds,
and an antiphase waveform at the cathode. We have pointed out that these
waveforms are used to unclamp the grids of V6 and V8 for 1000 microseconds
after the height marker forms, and to clamp thew for the 500 microsecond
period before ths next height marker forms. Obviously, the smplitudes of
these waveforms must be in excess of the maximmm swings occurring at the
grida of V6 and V8 in the scanning periods. If the amplitudes fall below
this value either section of V4 or V5 may be opened before the completion of
the scan. This will happen if, say, V5e cathode swings negative with V6
grid until the cathode potential has fallen more than the drop impressed on
V5a anode by the negative-going aquare wave. Similarly V5b would open if
the anode wers cerried positive with V6 grid by more than the rise impressed
an the strepped cathode line by the positive-going square wave. I the
diodes open in this way before the scans are campleted, the redial secan will
develop a squarish pattern on the P.P.I. This squaring results fram the
fact that the grid swings at V6 and V8 are a maximum when the scan is nearing
the horizontal and verticsl positions respectively, since the one charging
aquere wave is then of large amplitude and the other amall. In the inter-
mediate positions.the charging square waves are more nearly equsl and the
grid swings are more neerly equal and well below their maximum value. It
follows then that the square waves epplied to the strapped diode anodes and
cathodes must have an amplitude that does not fall below sone minimun valus.
Since the smplitude of the square wave applied to the strapped diode cathodes
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is determined by the potential divider formed by R9, R16, RI7 and VR3, the set-
ting of VR3 influences this emplitude es well as the operating potential of

V2 screen. Similarly, VR2 influences the emplitude of the square wave applied
to the strapped diode cathodes as well as the operating potential of V2 cathode.
YR2 and VR3, therefore, have three simultaneous canditions to fulfil:-

(a) Meay not fix the potentials to which the strapped diode
anodes and cathodes are returned at values repectively
pegative and positive to the decoupled potential at the
V3a, V3b junction in order to permit V3 to clsmp the
grids of V6 and VB to this decoupled potentisl.

(v) Must not drop the smplitudes of the square waves on
the strapped diode lines below the amplitude of the
maximm swing on the grids of V6 and V8.

(o) Must be so adjusted as to permit stable phantastran
cperation.

e inclusian of the control, VR15, mekes it possible to obtain condition
(¢) at the same time and as conditions (a) and {b). It is therefore called the
sync. control., VR2 and VR3 mey be termed phantastron cathode and screen volts

controls, for lack of more sppropriate names.

168, ©®Squaring” may also occur if the timebase amplifiers "bottam™ before

the scan is completed.. That is, while pessing minima current the anode poten—-
tial drops so nearly to the cathode potential that a further grid rise or cathode
fall does not cause a further ancde fall.

Unsteble Timebase Centre Effects _

169. We may now consider what the effects will be if condition (&) in
para.167 is not fulfilled. Suppose the diode cathode line is samewhat
positive to the decoupled potentisl at the hunction of V3a, V3be V3b will
then be cut off during the 500 microsecond clemping period end the strapped
cathode line will not be pulled in to the decoupled potential, but will git at
a higher level. The cammon point of the aecondsries of 73 and T4 is atill
returned to the lower decoupled potential., For a positive~-going flybadk, i.c.
when the charging square wave is negative-going, the grids of V6 and VB can
rize until they reach the level of the strapped diode cathode line, i.¢s toa
value more positive than the decoupled potential. Far a negative-going fly-
back, i-e. when the charging square wave is negative~going, the grids of V6 and
v8 can fall until they reach the level of the strapped diode anodes, which is
essentially equal to the decocupled potential. Hence V6 and V8 grids return
to different D.C. levels when the sense of the charging square wave changes.
This mesns that the D.C. levels of the paraphase amplifier anodes will shift.
Hence the C.R.T. apot will not come to rest at the same point om the tube at
the erd of every flyback. If the scammer 1s rotating the radial scan will
therefore camence at different points and give the effect of an unstable centre.
Obviously, the seme type of effact will be prodnced if the strapped diode
anodes are returned to a potential below thet of the decoupled potential. The
amount of instability at the tube centre will depend on whether or not both the
diode lines are simultanecusly maladjusted and the amount of maladjustment.

Sumnary of P.P.I1. Timebase Controls

170. From the preceding paregraphs it follows that setting up the P.F.I.
timebase contrcls involwvis the following major points:=- -

(a) Adjustment of VR2, VR3 and VYRI5 to give the sixultaneous
requirements ofi-

(1) phantastron stablility.
(i1) stable centre.
(111) no "squaring".

(b) Adjusting the scaming centre to coincide with ths tube centre
with the shift controls VRS and VRI1.

(o) Adjust the gain of the paraphase amplifiers with VR and VR10
to obtain a radial scan of canstant amplitude which is such
as to provide the desired ground range oOvVerages.
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Further details will be discussed when dealing with setting up procedures.
It might, however, be noted at this point that there will be same inter-
action betwean the shift and amplitude controls on each paraphase amplifier
since both controls the affect overall pushe-pull ocutput and the D.C. currents

pasged hy the valves.

Setting~up the P.P.1. Nap

171. We have traced the development of the timebases and the part played by

the various controls which enter into the development of the scarming wavefom.
We have not, as yet, considered the part played by the setting control on the
heading control unit. It was pointed out that this control can be used to

make the heading marker flash up at any desired bearing on the P.P.I. The
mechanical details of what goes on when this control is operated will be &is-
cussed in pars. 420. The effeot of the control may profitably be considered
now. The bearing at which the radial scan sweeps out fran the tube centre at
any instant in the rotation of the scaymer is determined by the relative empli-
tudes of the instenteneous deflecting voliteges across the X and Y-plates of the
P.P.I. This follows since the path along which the spot moves is the direction
of the resultant obtained when the X and Y voltages are added vectorially. But
the amplitude of the inatanteneous X and Y voltages are determined by the ampli-
tude of the instantanecus swings at the grids of V6 and V8. These grid swings,
in turn, are detemmined by the charging voltage developed by the charging aquare
WAVES. The amplitudes of these squere waves is determined by the instantaneous
amplitudes of the pawtooth outpute fram the magslip stators. The instantaneous
value of these sawtooth amplitudes is governed by the coupling between the rotor
and each of the two stators. When the rotor makes full coupling with the stator
that feeds T4, only V6 and V7 are cperating and the scan is vertical., If we
want the scan to travel vertically upward when the scanner looks due North, we
must arrange that at that instant the rotor shall make full coupling in the
sppropriate sense with the stator that feeds T3 and the Y-emplifier, V8, V9.
Since the rotor is geared to the scanmer ehaft no adjustment can be made to the
rotor. Hence the adjustment can only be made by moving the stators relative
to the rotor until this condition is fulfilled. Operating the setting knob

on the heading control unit when the switch is set to the "Course™ positian
brings a repeater motor into play in the scanner. This repeater motor rotates
the magalip statorsa. They can thus be set to make any desired coupling with
the rotor at any point in the scanner rotation. If the bearing ring has been
set to 090°, may, and the setting knob is operated umtil the heading marker
flashes along the bearing ring pointer, the coupling between the rotors and
stators mst be such as to make full coupling with the stator that feeds Ti at
the inatent the scammer goes through the dead-shead positim. A guarter turm
earlier in the rotation of the scanner and rotor, the rotor will have made full
coupling with the atator feeding T3 and the scan will have been travelling
straight up. Hence, if the magslip atators have once been set to bring the
heading marker up at the bearing on which the aircraft is heading, the bearing
of the scan at any instant will be identical with the bearing of the direction in
which the scammer is looking at that insient. This will, however, only be true
_as long as the aircraft continues on the same course or heading.

Need for D.R. Campass Control

472. Suppose the map is set when an aircraft is heading due East. The heading
marker then flashes horizontally to the right every time the scanner goes through
the dead=ahead poalition. The megslip rotor is then making full coupling with
the stator that feeds TI and the X-smplifier, at the instant the scanner looks
dead-shead and due East. If the aircraft now turns 90° in a clockwise direction
and heads due South, the magslip rotor is still meking full coupling with the
stator that feeds T) when the acammer goes through the dead-ahead position, since
turning the aircraft in no way affects the scemmer or magslipe The heading
marker will therefore contimie to flash horizantally to the right whem the
scamer looks dead-ahead, l.e. due South. Henoce terget indications fran the
South will now appear at the right of the tube, l.es the P.P.l. map has slipped
back 90°. Hence when the aircraft turns the heading marker remains statiomary
and the map rotates through the ssme angle as the aircraft but in the opposite
direction. Such a state of effeirs may be confusing to an Operator who wants
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the top of the map to be North at all times and also wents the heading marker
to move as the aireraft turms. Such a reault can only be achieved by suite
ebly turning the magslip stators as the aircraft twms. The D.R. compass is
utilised to effect this rotation of the magslip stators when the switch on the
heading control unit is sét to the “Anto" position after once correctly setting

the map.

Type of Cantrol Requires

173. The question now arises as to which way the magslip atators should turn
when the aireraft turns. We noted that when the airoraf't turns clockwise that
the picture slips counterclockwise through the same angle. What we really want
to heppen by the time the aircraft campletes its turn fram Bast to South, is to
have the magslip stators twrn in such a wey that the rotar makes full coupling
with the stator that feeds T3 when the scanner goes through the new dead-ahead
position. The coupling must be in such a sense that the sweep of the scan is
then vertically dowmward. Suppose the aireraft took a minute to make the
quarter turn, and assupe the scanner turns at 60 rep.m. The timebese will then
make 60 x 670 sweeps in the turning interval. If the magalip stators were
stationary the scans would be travelling horizontally to that right at the end
of the minute since the rotor is at the same position with respect to the stators
aPter 60 cumplete turns as it was when the first turn began. In order to have
the timebase sweeping vertically downward the 60 x 670 sweeps should -have

carried the scan arcund the tube face not 60 times, but 60f times. That is, the
rotor should have made 60 twrns with respect to the stators. This result would
be achieved if the stators moved  turn .counterclockwise while the rotor made

60 turns clockwise, i.e. while the aircraft made a quarter turn clockwise. Hence,
we want the magalip stators to move through the same angle as the alrcraft but in
the opposite direction. The map will then appear statianary and the heading
marker will rotate through the seme engle as the aircraft turns.

Method of Obtaining the Required Control

174 Vhen the aircraft turns the campass mounting twrns with it while the com-
pass nesedle tends to retain the asme position, i.e. along the lines of force of
the earth's magnetic field. Hence, whenever an aircraft turns there is relative
motion between the campass mounting and the needle. This motlon is utilised

to operete the repeater motor in the scanner instesd of using the setting knob
end operating it by hand. If the wiring is correct in the heading control unit
and D.R. compass box the relative movement betwean the compass mounting and needle
will ceuse the repeater motor in the scanner to impress the correct rotation on
the magslip stators. Should the wiring be incorrect the impressed rotation may
be in the reverse sense and the heading marker will then go around the wrong wey.
A turn from Esst to South would then canse the heading merker to go fram East to

North on the HeZ2.8. display.

Blackout of back

175. The blacking out of the flyback on the height tube is discussed in
paras. 562 = 564. Blackout of the flyback on the P.P.I. is wrapped up with
bright-up waveforms so camnot be dealt with until the development of these

bright-up waveforms has been studied.
VALVE FUNDAMENTALS

Introducticn

176. The Radar Mechanic who is interested in a detailed analysis of circuit
action may feel that the master multivibrator, ewitching valve, lineariser,

bass boost velve and the indicator paraphase amplifiers, have received scant
attention. This temporsry neglect has been deemed desirable because these
eircults cannot be discussed in detail without elaborating on ideals of cathode.
coupling and negative feedback. . To introduce these digressians while pursuing
our study of the way the timebases are developed would tend to distrect atten~
tion fran ouwr primary theme to side issues. Hence we have traced the develop~
ment of the timebases by focussing our attention on the stages where major
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adjustments are invalved. We shall now go back to gather up the side issue.

Action of the Comtrol Grid

17/+ Before going into the subject of cathode coupling it may be well to
form a clear mental picture of same valve fundamentals. The Rader Mechzanic
is sc acoustaned to the standard practice of applying signels to grids snd
obtaining antiphese signsls at anodes that he tends to assume that a valve
will always phase invert, regardless of how the signal is applied. Since
meryy stages in the He2.5. instellation do not invert, such habits of thinking
can only result in hopeless confusions Let us begin by recelling thet when
the cathode of a valve iz heated, electroms are emitted. If a positive .
potential is applied to the anode these electroms, since they are negatively
charged particles, are attracted to the ancode. Ir the grid is held at the
same potential as the cathodes it exerts no appreclable effect on the flow of
electrons from cathode to anode. If the grid is held at a potential that is
more negative that that of the cathode it will repel the electrons back towards
the cathode and thus reduce the flow to the anode. There will then be en
accumlation of eleotrons between the grid and cathode which will repel eleot-
rons trying to leave the cathode. The total emission fram the cathode will
therefore diminish because of the 'space charge' that accumlates in the grid=
cathode space. If the grid is held sufficlently negative to the cathode the
force af repulsion will be 8c great as to sBtop the flow through the grid mesh
canpletely. We say the grid is then "cut off on the grid". The number of
volte by which the grid must be negative to the cathode to cause thias cuteoff
is called the grid base of the velve. If the grid is held at a potential
sbove that of the cathode it will attract electrons to itself. Henoe part
of the cathode emission will flow to the grid and part to the anode. If the
grid is made so highly positive that a heavy flow of electroms pesses to the
.grid the actusl flow to the anode may diminish due to this "robbing™ although
the cathode emission is higher than it was when the ancde current had a higher
value. Hence for a fixed anode potential we may trace the following changes
in anode aurrent as the grid potential is veried:-

(i) Por a grid potential negative to that of the cathode by an
amount greater than same walue called the grid base, no
electrans reach the anode.

(ii) For grid potentials that are negative to cathode btut inside
the grid base, snode current increases as the grid potentlial
rises. This incresse is non-uniform at first, i.e. we have
e lower bend on the grid volts-anode current characteristie
then increase proportionstely with the riee in grid voltage
along the linear part of the characteristic.

When the grid swings positive to the oathode grid current
starts to flow, and for a highly positive grid valtage this
flow may be ao great as to ceuse an actual reduction in the
flow to the ancode.

Valve Amplification

178« If we have en sncde load in circuit but no cathode loed the cathode
remains at the potential to which it is returmed but the anode potential falls
below the H.T. volitage by the mumber of volts in the I.R. drop across the encde
load. . Hence, if a signel swings the grid above cut-off, current flows through
the anode load and the anode potential falls to produce a negative-going signel
at the anode for a posltive=-going signal at the gride The voltage change at
the ancde for a given swing on the grid is given by the product of the anods
load and the change in anode current. Since this produot msy be many times

as great as the signal applied to the grid, we sgy the valve amplifies. If
the grid is above cut=off and swings negative, the electron flow to the anode is
reduced. Hence, the voltage drop acroas the anode load diminishee and the anode
potential rimes by the product of the anode load and the decrease of anode
current. We thus obtain the femiliar amplification and phase inversion when

signals are applied to the grid.
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The’Cathode Follower

479. Suppose that we now consider a valve with anly e cathode load end no
anode load. Assume the grid is tied to earth through a grid lesk. The hot
cathode will emit electrons which will be attracted to the anode when H.T. is
applieds Electrons will flow fram earth through the cathode load to replace
the emitted electroms. This flow will cause an I.R. drop across the ocathode
load and the cathode potential will rise. The grig, meanwhile, is returned to
earth potential. A= the cathode rises above earth potential while the grid is
held, .we progresaively make the cathode more positive with respect to the grid
as the cathode warms up and the emission increases. DBut saying the cathode ia
becaming increasingly poeitive to the grid is equivalent -to saying that the grid
is becoming increasingly megative to the cathode, even “though the grid potential
is stationary. Hence, an equilibrium point ias reached when the cathode current
reaches such a value that any further increase will result in such a repulsion
fran the grid that no more electrans will pass through the grid mesh to the anode.

~ 180, Suppose that we now apply a positive-going signal to the grid. The
repulaian of the grid will be reduced, and the cathode can now emit more strongly.
‘Henoe the cathode current increases and the cathode potential follows up as the
grid rises. If the grid 1s swung negative by a signsl the force of repulaion

o the electrons increases and the accumilaetion of space charge causes reduoad
emission. The cathode current then falls and the cathode potential falls.

This is the familiar oathode follower action which does not result in amplifica-
tion, but delivers nearly the same ocutput as irput without phase inversion and
at a low ocut-put impedance. This low output impedance is frequently utilised

to match to low impedance cables. ' ~

181. Suppose that we consider next a stage utilising both ancde and cathode
léads. Let us assume the control grid is returned to earth through e grid
leak. When H.T. is applied the hot oathode will emit electrons which will
flow to the snode. The I.R. drap across the anode loed will result in a fall
at the enode. The flow through the cathode load will result in a rise of the
cathode potential. Equilibrium.will again be reached when the cathode current
reaches such a value that the grid is so negative to the cethode that ita
repulsion prevemts a further increase in the flow to the anode. If we now
apply a positive aignal to the grid the foroe of repulaion is reduced and the
emission inoreases. Hence the anode potentizl falls and the cathode potential
rises. We thus obtsin fram a positive signal on the grid a positive signal
at the cathode and a negetive signal at the enode. T™is gives us a phase-
splitter circuit with antiphase outputs from a single stage. The relative
amplitudes of the two outputs will depend on the relative magnitudes of the

ancde and oathode loads.

Eﬂenerative or Negative Feedback

and the change in anode current produced by the change in grid voltage. To .
get a large output we must get a large change in anode current. But the change
in anode current is determined by the swing of the grid relative to the cathode.
If there is no cathode load the cathode remains stationary as the grid moves.
1f, howsver, there 1s a cathode load we have acen that the cathods follows the
yoltage changes at the grids If a 6 volt change at a grid ceuses a airrent
change of 3 ma. in a value.using an anode load of 4O K. and no cathode load, the
output is 120 volts and we have an amplification of 20. If we have a cathode
load of 1.K. and again apply a 6 volt signal to the grid, the cathode voltage
will rise with the grid as the emission tends to increase. But this following-
up by the cathode mesns that the swing of the grid relative to the cathode is
mich reduced. Hence, the actual inorease in anode current, which de on

how much the grid s ative to the cathode, end not an the grid
tive to earth, will be much less than before. The put at the

will therefore be materially reduced. We say, therefore, that an undecoupled

cathode load introduces degenerative or negative feedback since its zotion

is to rednce smplificsation.
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183, Negative feedback can also ocour in other ways. Any circuit arrange-
ment which serves to reduce the swing of the grid relative to the cathode
achieves the same result of reduced amplification. Three methods are used

in the lineariser stage. In-phase signals are applied to V503 grid and cathode
fran V502 anode which serve to carry the cathode and grid up and down together
and thus reduce the swing of the grid relative to the cathode. The cathode
load is undecoupled to begin with, so the cathode would follow up even if no
in-phase signal were applied to the cathode. Iinally, the ancde is coupled
back to the grid so that aa the grid tries to move in any direction the andde
feeds back an antiphase voltage that opposes the grid movement.

Cathode Drive

184 5o far we have discussed only grid drive, i.e. the applicetion of signals
to the control grid. We have, however, emphasised the fact that the change in
anode current due to a signal on the grid, is determained by the swing of the
grid relative to the cathode. Suppose that now we consider an emplifier whose
grid is tied to some decoupled positive potential and whose cathode is returned
to earth through a resistor. If He'l. is epplied the hot cathode emits elactrons
which flow to the ancde. The anode potential falls amd the eathode potential
risess The cathode rise will contimie until the cathode potentiel im suffic-
iently above that of the grid that the repulsion exercised by the grid prevents
any further increasse in emission. Note that both cathode and grid are positive
to earth but the cathode is more positive than the grid. Hence the grid is
negative to the cathode and we have o negative bias. Suppose we now apply a
positive golng signal to the cathode. This makes the cathode still more
positive so that the grid, though staticmary, ia becaning more negative with
respect to the cathode. The repulsion exerted on the electrons emitted by the
cathode increasess Hence, the flow through the grid mesh to the ancde is
decreased and the anode potential risea. A positive signal on the cathode thus
produces a positive signal at the anode. Had the cathode been driven negative
the result would be to make the grid less negative with respect to the anode.

It would therefore exert leas repulsion on the electrons and the flow through
the grid mesh to the anode would increase. Hence, the anode potential would
fell, It follows then that cathode drive can be used when we desire amplifica-
tion without phese inversion. It should be borne in mind that with cathode
drive it may be necessary to centre tap heaters to a potential in the neigh-
bourhood of the mean cathode potential. If this is not dane trouble may arise
due to leakage or insulation breakdown between heater end cathode. It may be
noted that cathode drive will provide a low input impedance so will match a low
impedance source.

The Timebase Paraphase Amplifiers

185. We are now ready to study the operation of the timebase paraphase ampli-
fiers in more deteil. Let us assume that V6 grid is being carried positive

by the action of a positive-going charging square wave. As the grid rises V6
passes more currents V6 anode falls and V& cathode rises so we have negative
fesdback which reduces the gain of V6. Suppose the grid rise is 22 volts and
the cathode follows up 12 volts to leave an effective swing of grid with respect
to cathode of 10 volts. The cathode rise also appesers across VRB + R24, in

parallel with R23. If the ratio % is the rise impressed on V7 cathode
+ R2h 2’
ia 2: 12 or 10 volts. But V7 grid is returned to the potential of VR slider

which is decoupled by C15. Hence we have V7 cathods swinging 10 volis positive
with respect to V7 grid. This is equivalent to swinging V7 grid 10 volts
negative with respect to its cathode. Hence the signal applied to Ve grid .
serves effectively to drive V6 and V7 in antiphase to.develop a push-pull out-
put from the pair. V8 and V9 operate in the same fashion. Cathode~coupled

emplifier circuits of this type are commanly known as long=tailed pairs.

The smplitude Controls

186. VRB determines what part of the change at V6 cathode is transferred to
V7 cathode. Hence varying the setting of VRB varies the output &t the anode
of V7. Since the effective cathode loed of V6 is R23 in parallel with

VRS + R24, this cathode load 18 increased as VRS is increased. Hemoce the
negative feedback in V8 is increased at the seme iime as the input to V7 is
reduced. Incresseing VRS then simultaneously reduces the outputs of both
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V7 and V8 but affects V7 output most. Decreasing VRS will reduce the
negative feedback operating on V6 and increase V6 ocutpute At the some time,
although the total valtage impressed across VRS + R2l has decreased, the
actual voltage impressed on V7 cathode may be increased, as a greater propor-
tion of the change at V6 cathode is spplied to V7 cathode. Hence, as VR8 is
decressed the smplitudes of both V7 and ¥8 cutputs will increase until a point
is reached where they will fall sharply if the maximum negative input is gpplied
to V6 grid. This unexpected development cocurs when V7 cathode is driven so
far negative that V7 runs into grid current. This grid current biasses back
V7 grid amd so reduces the gain of V7. Since part of this current is drawn
through R23 the D.Cs potentiel of V6 cathode is raised, thus increasing the

bias on V6 and also reducing V6 gein.

The Shift Controls

187. As was pointed out earlier, VR9 and VR10 are used to edjust the D.C.
potentisls at V7 and V9 anodes during the 500 microsecond clemped period, to
such a value that the cathode ray tube spot is retumed to the tube centre by
the flybacks If the electrode eligmment of the P.P.I. is not diatorted in any
way the anode potentials of the valves in each amplifier peir must then be
jdentical. Since there is & fairly wide tolerance in the values of the anode
loads this equality of potential may call for rather different currents through
the two valves in a pair. FHence, the opereting point set for V7 with VRO may
not be the same as that fixed by V3 for V6. Hence, when the scen is centred
with the shift cantrols the gain of V7 and V9 msy be altered slightly, resulting
in scme change in scen amplitude. Also, since altering the amplitude controls
alters the effective cathode loads of the amplifiers, an apprecieble alteration
in the settings of VRS and VR11 may necessitate a slight adjustment to the shift

controls.

e Waveform Generstor Voltege Stabiliser

188. Before embarking on a further study of the master multivibrator and wave-
form generator sawtooth astages, we should consider the voltage staeblliser that
provides 200 volts stebilised H.Te for V500, V501, V502, V303 and the trans-
mitter-timing valve ¥505. This is V511, a VR116 connected as a triode cathode
follower. The cathode load is that provided. by the velve stages which it
supplies. R586 (1K) and R587 (2M) form a voltage divider across the unstalilised
300 v. line. V511 grid is tied to the junction of R586 and R587, i.e. the 200
volt point, through the 2.2M leak, R585. - C538, (6 mf.) provides decoupling.
With the grid thus returned to 200 v. the valve will pass current until the
cathode potential rises to the equilibrium point where the grid bias ia such

that no further increase in cathode emission is possible without increasing the
grid ar anode potential. The cathode will then sit close to the 200 volt

level since the grid base of & VR116 is short. Should a transient change in

the 300 volt supply cause the potential at the Junctiom of R586 and R587 to
change, the change would only appear at V511 grid after a time governed by the
CoR. OF R586 and 0538. As the C.R. is 13+2 seconds, brief trensients will not
affect the potential at V511 cathode. Similarly, any small emount of 1000 c/s.
ripple will not have any effect. Hemce, provided the V.C.P. is set up correctly
and functioning nommelly, and the 300 v. power peack in the power unit is not
faulty, V511 will furnish a very stable H.T. supply at appraximately 200 volts

to V500, V501, V502, V503 and V503.

The Master Multivibrator

189. This stage, which controls the timebases, transmi tter and height and
range markers, is another application of cathode coupling. The following
details should be noted:= }

(2) The grid of V500 is returned to a decoupled potential of

abacut 50 volta.
{b§ V500 anode is tied to V501 grid through C504.

¢) ©504 leak is R514 returned to the decoupled 50 volt point.

d) The anode load of V500 and cathode loads of V500 and V5

are switched by relays M and N when the scan-marker switch

‘ is operated at the switch unit.

“(e) The cathodes of V500 and V501 are coupled cepacitively by
«03 mfe (C505, 506 and 507 in parallel).
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(£) The anode load of V501 is 35K. while V500 will elways have
more resistance than this betwsen the anode and H.T. line.

190. VWhen we switch on, both valves will pass current and both cathodes will
rise. Put as V500 anode falls it carries V501 grid down and so reduces the
current passed by V501. The cathode potential of V501 then tends to fell and
pull down V500 cathode through the coupling capaclty. This is equivalent to
s positive signal on V500 grid so V500 passes more ourrent and its anode drops
still further. We may, therefore, expect that V500 cames into full conduction
and oarries V501 grid down so far that cut-off occurs. with V500 in full
conduction the current passed will be such that the cathode sits above the
grid by several volts. Since V501 is cut off the other side of the cathode
coupling capacity will be leaking awey toward earth potential through the cathode
load of V501, At the seme time the grid of V501 will be climbing slowly as
0504 leaks away through the 1M leak, R514+ Since this C.R. is 10,000 micro-
seconds the rise of V501 grid will be much slower than the fall at the cathode.
When the cathode has fallen to a point where it is positive to the grid by less
_than the grid base V507 will again pass current. This will csuse the cathode
potential to rise and carry up- the cathode of V500 via the coupling

capacity. This positive drive on V500 cathode is equivalent to a negative
signal on the grid. Hence, V500 passes less current and its anode rises.

This serves to pull up V501 grid end increase the cwrrent passed by V5.  The
cycle is cumulative, and quickly cuts off V500 and brings V501 on hard.  The
cathode of V500 will have been carried up by an mmount equal to the rise at
V501 cathode mo the cathode is et a potential well ebove that of the grids . We
shall then have the cathode coupling cepacity leaking away through the cathode
load of V500 until the cathode potential has fallen to a level above the grid
potential by lesa than the grid base. ‘Vhen this occurs V500 again sterts to
pass currents The anode then falls and carries dowvn V501 gride This reduces
the current through V501 and ita cathode potential so it conducts more heavily.
The cycle is cumulative and quickly cuts V51 off and brings V500 on hard to
complete ane full cycle.

191, ‘The time that V501 is cut off depends on how long it takes the cathode
coupling capacity to leak away through the cathode load of V501 to a level where
V501 cen again conduct. This will depend partly on how far V501 grid was
cerried dowm when V500 came into canductiofie This, in turn, will depend on
the ratio of V500 anode load to its cathode load. How long it tekes the
coupling cepacity to lesk away through any specific mumber of volts depends on
the value of V501 cathode loed. Hence V501 cut—off time, which fixes the
sawtooth flyback period, dependsa ani

a) V501 cathode load.
b) Ratio of V500 ancde and cathode loads.

192, The time that V500 is cut off depends omn how long it takes V501 cathode
to fall fram the level to which it is carried by the rise at V51 cathode to
within its grid base of the decoupled grid potential. This depends mainly on
the cathode loed of V500. Hence, the V501 conducting pericd, which fixes the
working stroke of the sawtootl, depends mainly om V500 cathode load. :

493, To cbtain the required working strokes we therefore switch V500 cathoae
load. This alters the current passed by V500 in its eonducting period and
hence the drop applied to V501 grid. In order to keep this drop constant,

we then switch V500 anode load. To keep the per.f. constent at 670 c/B. we
must then vary the cut-off time of VB so that the sum of this cut=off time
and the V500 ocut=off time remains at 1500 microseconds. Hence, we awiteh -V501

_ cathode load to achieve this result.

M and N Relay Contacks

194, When the scan-marker switch is get for the different scans the positions
of the M and N relay cantacis are as follows:- !
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Setting {301 ( 5/6 )} 12(7/8) n;(s/u)]m.u/z) M5(9/10)| X1 (5/6)|N2(7/8) | N3( 3/u){Nu(9/10)| N5(%)

10/10 jClosed |Open Closed | Closed {Closed |Open Closed |Cpen Open Open
| 10/20 |Open Cloaed | Open Open Open Open Closed |Qpen Open Open

30/20 |Open Closed |Open Open Open Open Closed {Open Open Open
100/20 [Open Closed |Open Open Open Open Closed |Open Open Open
100/4,0 en Cloaed |{Open Open Open Closed |Open Closed |Closed |Closed
1 Cloged |Open Open Open Closed {Open Closed |Closed [Closed

The Switching Velve, V502

‘ 195, It wes pointed out earlier that the negative part of the master square wave
switched on the triode part of V502 while the positive part switched it off's
These resulis are obtained through an indirect fam of cathode drive. The

following points should be noted:-

(2) The grid of V502 is returned to different decouplsd potentials
by switching camponents in a bleeder network as the scan-marker
switch is operated.

%‘b; The cathode load of V502 is switched at the same time.

¢} The master square wave is applied to the strapped diode anodea
of V502.

(d) The anode of V502 is tied to earth through C514 (+1) in series
with R538 (2.2M.). .

(e) The anode of V502 is coupled to V503 grid at the junotion of
C514 and R538.

(£f) The ocutput developed across R531 is epplied to V303 cathode
vie ©512, R539.

196. When the poeitive part of the master square appears on the strapped diode
anodes the diode current rises and carries V502 cathode potential ebove the
decoupled grid potential and cuts off the triode section. The anode then tends
to rise exponentially as C51l charges expanentielly through R531, R532 and R638
and 0512 charges through R531 and R539. If V509 is removed, a large positive-
going expanential appears at V502 snode. When the negative part of the master
square wave is applied to the diode anodes the diode current falls and V502 :
cathode potential falls sufficiently to permit the triode to conduct. C514 can
then discharge through the series impedance of the valve and RE38. (512 can
discharge through R532, the valve impedance and R539. With V503 removed we then
obtain a large amplitude falling exponential at V502 anode.

197. If V503 is inserted we drive V503 grid and cathode with the outputs from
V502, If we merely applied a signal to V503 grid we should have an amplified
entiphase signal at the anode. Degenerative feedback due to the undercoupled
cathode would reduce stage gain. By feeding in-phase signals to grid and cathode
- this gain is still further reduced. A further reduction is obtained by feeding
back Pran VE03 anode to grid through C513 and C51kh. It is this antiphase signal
that results in only a smell signal at V502 anode when V503 is inserted. Driving -
both grid and cathode with e xponential waveforms of the same phese but different
amplitudes tends to linearise the output of ¥503, The antiphase feedback from
anode to grid furthers this linearisation by tending to counteract the curvature
of the grid waveform by applying a curvature in the opposite sense. We tius
obtain at V503 ancde & reasonebly linear sawtooth which is positive-going when
V502 anode ie negative-going, i.e. during the period that the negative part of
the master square wave holds down V502 diode ancdes. It is this positive=-going

sweep that is the working atrake of the sawtooth.

198. The different sawtooth slopes are obtained by altering the current passed
by V503 during the triode conducting period. This is achleved by suitably
switching the bleeder campanents to vary the decoupled potentials to which the
grid is returned and by simultanecusly switching V503 cathode load. The relay
positions are shown in pare. 19

The Bass Boost Valve, VHOL

199. It has previously been pointed cut that this stage fulfils two functions:-
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(a) Provides discriminating negative feedback to deliberately
4ntroduce distortion by giving excess low frequencgy
amplification. This is done in anticipation of subsequert
low frequency losses which will belance out this deliberate

distortion.

(b) Provides a mawtooth output at a sufficiently low ocutput
impedance to match into the low impedance cable.

R542 and R543 form & voltage divider which applies about 4/5 of the cutput fram
V503 anode to V504 grid. A feedback winding on the transformer T501 has one

end tied to V504 cathode and the other end feeds back to the grid a signal in
antiphase to the input. All frequency conpanents are equally attemuated in

the resistors R545 + BS4ke C539 + €518 (.003) provides the discriminating
feedback. The low frequency campaments are considersbly attermated but the
high frequency camponents are offered only & low impedance. Hence the net irput
on V504 grid has a greaier proportion of low frequency campanents than is re-
quired for a linear sewtooth. The output sawtooth therefore has en excess of
low frequency camponents which allows for later losses.

200, The smplitude at V504 anode is around 300 v. and the amplitude at V503
anocde is around 75 volts. The gein of V504 is thus obviously low becanse of
the negative feedback. The centre~tapped output winding provides a 8 tep-down
of about 1 : 6 to apply about a 50 volts push-pull output which is taken to the
magslip rotor and the height tube sawtooth transformer.

201. C519 end RH.7 are included to countteract a tendencgy for the phase of the
feedback to became poaitive at the high frequency end. Such an effect would
tend to cause instability end must therefore be prevented.

202, 0537 servea to bypass to earth any R.F. voltages that may be plcked up
at V504 grid. ' -

Power Supplies for the Indicator 184

203. As the +300V. power pack in the power unit is not capable of supplying

the added stages in the indicatar 184 which were not included in older indicators,
it has been necessary to introduce snother +300V supply. In the case of

Mark IIC, this power pack is in the tuning unit 207 which slso houses the
klystrom local osciliator. Cireuit details are shown in fig. 228. A 526
double hslfewsve rectifier is employed. 80V A4.C. is brought to the trans-

. former primary on pins 6, 7 {strapped) and 8, 9 (strepped) of the 18-way yellow.
The smoothed output is teken to pin 16 of the yellow-green 18-way whence it is
carried by cable to the 18-way yellow on the indicator 184

204« In the Mark IIIA installation, the +300V supply for the indicetor 184 is
drewn from the +300V. pack in the power unit via 18/16. To relieve the added
drain imposed on this pack by the indicator 184, an independent +300V supply is
provided in the Mark ITIA receiver-timing unit.

205. The -300V negative rail supply used in the indicator 184 ies developed
fram a bridge metal rectifier in the indicator jtself. Circult detalls are
shomn in fig.228, 80V A4.C. is brought to the indicator on 18/6,7 end 18/8,9
and applied to Tei1 primary. One secondary Peeds the bridge metal rectifier
whose -300V output is smoothed by the ‘cholte L.1 and condenser C.25.

206, Cther secondary windings on Tei supply the various heater voltages.
R85 (680K.) and R.84 (330K.) provide a bridge betwsen =300V and earth whose
junction iz at about ~100V. The heaters for the valves V.3 to V.9 are hzld
et this D.C. level =mince their cathodes are operating at a voltage in the

vicinity of =100V.

207. In the earlier 184 indiocators, which are not fitted with a centre-tapped
heater system, trouble arises due to 1000 o/8 pick-up fram the heater line.

To minimise the effect of this pick-up 300 chm balancing potentianeter across
the heater line was fitted retrospectively.
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CHAPTER 5 = THE He2.S. TRANSMITTER CHAIN

Bumary

208, It has previously been pointed out that the He2.S. tranamitter has a
pulse width of 1 microsecond and A per.f. of 670 ¢/s. In the Hs2.5. Mark TIC
installatix a wave length of about 9.1 cms. is employed, while in HeZ2.S5.

Mark IIIA, e wavelength of about 3 aus. is utilised. Magnetron trensmitter
velves are emplayed in both installations. The Mark 1IC transmitter hes a
peak power of roughly 30 = 55 K.W. and an efficiency of 20 = 40%  In the
Mark IITA transmitter the peek power is abaut 18 = 4O K.W., and the efficiency
sbout 13 = 30 when the T.R.3555 series transmitter units are useds 1In the
transmi tter chain the fallowing functions are involved:~ :

(a) Synchranisation of the transmitter pulse to the timebase and
control of timing of the transmitter pulse, i.e., of the point
on the sewtooth where the tranasmitter fires.

(b) Development and shaping of the moduletian waveform.

{c) Development of the actual R.F. transmitted pulse.

() Tranaferring the trensmitter pulse fram the magne tran:
transmitter valve to a suitable radiating array where
it is launched into space. Tis involves suitaeble
feedor arrangements and matching adjustments, a wave-
guide mirror feed end the scanning mirror.

(e) Isclation of the transmitter pulse fram the receiver
chain hy a sultable T.Re switch.

Stages a.g and (b) sre essentially identicel in the two installations.
o), (a) and (e} differ in mechanical details but not in principle.

a) A block schematic of the He2.S. transmitter is given in fig.56.
b} Circuit details for Mark IIC are given in fige.5b.

¢) Circuit details for Mark IIIA are given in fige bl

d) Mark IIC transmitter unit deteils ere shown in fige 217-218.

o) Mark ITIA transmitter unit details (T.Re3555 series) are

shown in fig. 219 - 222,

£) BRelevant waveform generator 34 details are given in figs.223~225.
g) Modulator type 64 detalls are given in Pige212-214e

1} Relevant switch unit type 207B details are given in figs.226-227.
Outline of the Transmitter Synchronisation and Timing

240. The stages in the develcpment and radiation of the transmitter output
can be traced most readily on fig.55 for HeZ.S. Merk IIC and in Pig.64 for
He2.8. Mark IIIA. The chain commences with the synchronising and timing
stages. These include 7505 in the WeF.Ge, 1ts cantrols in the switch unit,
and V.5, V.6 and V.7 in the modulator type 6. V505 is the transmitter—
timing valwve. It is switched on and off by the sewtooth ocutput from the
single-ended secondary in 76501, This sawtooth swings between epproximately
-1507 and earth. It will centre itself on the grid side of €520 at the DeC.
level to which V505 grid is returned. It can be seen that V505 grid is tijed
to the moving emm of & switch in the switch unit by means aof which it can bte
returned to different positive potentials.  Suppose that V505 were tled to a
potential of +40V. The sawtooth would then have its mid-point at +40V. and
would try to swing V505 grid up 75V end down 75V from this level. That is,
V505 grid would try to swing between =35V and +115V.  The cathode of V505 is
returned to earth, Assuming the grid base to be 2 volts, V505 will remain
cut off until the working stroke of the sawtooth carries the grid up from
=35V. to -2V., i.e., through 27V. This means that V505 grid comes into con-
auction 33/150 ths. or asbout .22 of the way up the sawtooth. Obviously, if
505 grid is returned to a different potentisl the valve will be brought into
conduction at a different point on the sawtooth. We see then thaet the switch
unit portion of our circuit is devised to permit a variation in the point on
the sawtooth at which V505 comes into conduction.
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271« It is arranged that when V505 cames into conduction it develops a
negative-going pip at its anode. ‘This pip will then have a pa.r.f. equal to
that of the sawtooth and hence ¢f the master multivibrator. The point on the
sewtooth at which it occurs is governed by the switch unit camponents of our
circuit. This pip is taken fran V505 ancde to the blue Pye plug on the W.F.G.
panel and by cable to the blue Pye -plug on the medulator type 64 V.5, V.6

in the modilator type 64 form a free~rurming multivibrator whose peref. can be
varied by means of the potentiameter, RZ24. This is a ratchet type preset at
the back of the modulator chassis. It varies the positive potential to which
V.6 grid is returned and therefore varies the length of time it ‘tales V.6 to
come back into conductian. We shall call this preset the moduletor multivi-
brator P.R.} control. This is set so that a free-running p.r«.f. of about

600 ¢/s. is obtained. The circuit is so designed that V.6 only conducts for
20 microseconds, i.e., V.5 is conducting most of the period and V.6 grid has

a leng exponentiel rise. The negative-going pip fram V505 anode is applied

to V.5 grid while V.5 is conducting and V.6 grid is rising expunentially towsrd
cut offe The pip carries V.5 grid down thus causing V.5 anode to rise sharply.
This sharp rise carries V.6 grid above cut-off and initiates V.6's 20 microsecond
conducting period. That is, the negative-going pip from V505 anode is syn~
chronising the modulator multivibrator to run at the same p.r.f's as the master
multivibrator and causes a negative~going 20 microsecord pulse to appear at V.6
anode every time the sawtooth carries V505 grid sbove cut-off.

212. The transformer, T4, in V.6 anode phase reverses the 20 microsecond
pulse and amplifies it to around 140V. The circuit shows V.7 grid returned
to —100V. and V.7 cathode returned to earth. Hence, V.7 will be cut off at
all times, except for the 20 microsecond period that the positive pulae is
applied to its grid. That is, the 20 microsecond pulse cuis V.7 on and off.
In the anode of V.7 we have the choke L.l. Its strey capacity tunes this
choke to resonate at about 400 kc/s. When the back edge of the 20 microsecond
pulse cuts V.7 off, a positive ring of about 10KV, amplitude is developed at
the rescnant frequency. This ring is applied to the trigger electrode of the
apark gap switch, V.3. The first swing of the ring will be positive-going as
V.7 is cutting off and the anode potential is rising. As the potential of the
trigger electrode swings up towards a 10KV. peek amplitude, the potential
difference between the trigger and the earthed ring electrode rises to about
3KV. when flash-over occurs. This flash-~over initiates the formation of the

1 microsecond modulating pulse which fires the transmitter. The ringing at
V.7 anode is, of course, quickly dsmped out when flash-over occurs so the
undamped amplitude of the 10KV will not be obtained if V.3 is gperating.

215. Summarising, we heve the following chain of eventsi-

(r) The sawtooth on V5Q5 grid carries V505 above cut-off
at 8 point on the sawtooth which depends on the
potentlal to which V505 grid is returned in the
switch unit.

(b) When V505 crosses cut-off a negative-going pip appears
at V505 anode.

(¢) This negative-going pip synchronises the 600 o/s free~
rumning moduletor multivibrator to run at the master
multivibrator per.f.

(d) The appearance of the negative-going pip on V.5 grid
brings V.6 into conduction for its 20 microseccond conducting
period to develop a negative-going 20 microsecand pulse at V.6
anode which is phase reversed by a transformer and applied to
V.? gI'i.d..

{(e) This 20 microsecond pulse brings V.7 on for 20 microseconds.
On the back edge of the pulre V.7 ocuts off and the choke in its
enode rings at 400 ke/s, the first ring being positive-going
and of about 10KV amplitude if not damped by canduction in
V3.
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(£) This 10KV ring is applied to the trigger electrode of the
spark gap switch, V.3 and causes flash-over between the
trigger and the ring electrode through which the trigger
passes.

(g} This flash-over initiates the fomation of the 1 microsecond
modulating pulse which fires the transmitter to produce a
1 microsecond burst of R.P.

214e Since the pip at V505 anode thus determines the point on the sawtooth
at which the transmitter fires we call this pip the transnitteretiming
pulse and V505 the transmitter—timing valve.

215. The 20 microsecond pulse applied to V.7 grid is termed the modulator
priming pulse.

216. The 10KV ring developed at V.7 ancde is called the trigger pulse, and
V.7 is called the trigger wvalwve.

217+ We may now restate ocur summary as follows:-

(a) Te transmitter—timing pulse determines the start of the
20 microsecond modulator priming pulae.

(v) The trigger pulse is formed on the back edge of the
priming pulse.

(e} The 1 ricrosecond modulating pulse forms just after the
trigger pulse. There is actually a slight delay between
the back edge of the 20 microsecond priming pulse and the
begiming of the modulating pulse. This is the combined
effect of ihe time of rise of the trigger pulse and a
delay in the action cf the spark=-gap switch, VeS.

{d) The modulating pulse fires the transmitter to develop a
1 microsecond burst of R.%. The wavelength will be 9.1 cms.
for Hele.S. Mark IIC and about 3'2 ans. for He2eS», MkeIITA.

Synchranisation of Signals and Merkers to the Timebase

218. Focussing our attention on the subject of synchronisation of the
transmitter pulse (and hence of signals) to the timebase, we note the
following pointa:=-

(2) The timebase is developed fram the sawtooth teken fram the
centre=tapped secondary on T501 in V504 anode.

(b) The tranamitter—timing pulse, and hence also the actual
transnitter pulse, are controlled by the single-ende
secondary output from T5(. :

(¢) There is therefore one tranamitter pulse for each timebase
gweep.

(@) As long as the potential to which V505 grid is returned in
the awitch unit is kept constant the transmitter—timing
pulse will occur at a fixed point in the timebase sweep.

(e) The actual transmitter pulse will occur after this timing
pulse by a fixed interval of abmt 22 microseconds determined

by -
(ig The duration of the modulator praming pulse.
(ii) The amplitude to which the trigger pulse has to
rise before the trigger gep flashes over.
(1ii) The further delay before the spark gep switch
becanes fully conducting.

Since this interval will remain fixed in a serviceable set,

the transmitter pulse must occur at a fixed point in the

timebase sweep if the amplitude of the sawtooth froam V504 remains
canstant, and the amplitude of the timebase paraphase emplifier
output remaina constant. Signals must then appear at a fixed
peoint in the timebase sweep, and therefore at a fixed distance
fran the P.P.1. centre or a fixed distance up the height tube
trace. This is equivelent to saying that the transmitter

pulse and the signals are locked to the timebase.
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219, The height and range marker circuits comence their weasurement of time
at the back edge of the 20 microsecond priming pulse. These markers are
therefore also locked to the timebase.

220. Tt was pointed out earlier that the modulator multivibrator will free-
run at ebout 600 o/s. Should the transmitting-timing pulse not be applied
to V.5 anode, or be ineffective for sny reasomn, the modulator priming pulse
will still be developed but at a pe.r.f. of about 600 o/s. The trensmitter
pulse, signals, snd the height and range markers will then be developed at a
perefs of 600 ¢/. The timebase will, however, have a perefa of 670 ofs.
There will, therefore, be no synchranisation of the signals and markers to the
timebase and the signals and markers will drift. It is apparent then that
the trensmitter timing pulse is the actual synchronising or locking agent.

Control of Transmitter Timing

221. We shall next consider how the transmitter timing can be varied and .
what effect such variation will have on the display. We have seen that the
point at which V505 goes into conduction to form the transmitter—timing pulse
ia govermed by the D.C. potential to which V505 grid is tied. Ve can, there-
fore, vary the point on the sawtooth at which the transmitter pulse is formed
by varying this D.C. potentisl. Examination of our circuit dimgram, fige55,
shows V505 grid returned to the moving cantact of a switche This moving
contact is ane of the three moving contacts on the scan-marker switch. We
have already dealt with one contact which serves to cperate the relays that
switch the circuit components in the master multivibrator and timebase
switching valve stages. The third contact is used for cperating relays to
switch components in the height and range marker circuits in the receiver-
timing unit. Returning to the moving cantact in which we are interested at
present, we note that when we set the scan-marker switch to its respective
settings, we have V05 grid returned to the following points if the variocus
links are in the B (Bomber Comand) positiomsi=

. V505 grid Range of
Positian Scan ret ed to Name of Contral Variation
10/20 20 mi. VR.152 slider 30 Mi. Zero Oto+ 5 V.
30/20 20 mi. VR.152 slider 30 Mi. Zero Oto+ 5 V.
100/20 20 mi. VR.152 slider 30 Mi. Zero o " "
100/40 40 mi. Earth None None
100/40=-80 L0-80 mi. +52V, None None

Fram our table it appears that V505 grid can be returmed to a potential veriable
between O and +60V. by means of the switch writ control labelled the 10-mile
zeroe In the next three positioms it can be varied between O to +5. V. by a
oontrol called the 30-mile zexroc. These presets on the switch unit can be used
to alter the point on the sawtooth at which the trensmitter—timing pulse forms.
The result will be a variation in the point on the sawtooth where the back

edge of the 20 microsecond priming pulse forms and the point where the trens-
mitter pulse forms just alightly later. As the height end range marker
cirouits commence their messurement of time from the back edge of the 20 micro-
second priming pulse the merkers will form at different points on the sawtooth
and hence will move on the displays as the setting of the 10 or 30 mile zero

i altered. Since the point at which the transmitted pulse ocours iz being
varied the point at which the signals appear is also veriede The distence
from the centre of the P.P.I. at which signals appear and their distance up

the height tube trace will therefore change as the settings of these controls
ere altered. As V505 grid is made more positive (clockwise rotation of
controls), the velve goes into conduction earlier ard signals and markers

form earlier on the sawtooth so more towards the P.P.I. centre snd down the
height tube trace, If the controls are turned counterclockwise to meke V505
grid less positive the signals and markers form later on the sawtooth and
therefore move away fran the P.P.I. centre and up the height tube trace.
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222, The table above shows that V505 grid is returned to earth potentisl in
the switch unit when the scan-marker switch is in the 100/40 positian. The
poimts on the sewtooth at which the 20 microsecond priming pulse and the
transmitter pulse ere formed are then fixed. Assuning a grid base of 2V in
Y505 and a 150V. sawtooth centred at earth potentiel, we shall have the sawtooth
trying to carry V505 grid between +75V and =75V, 505 will came into con-
duction when the grid reaches «2V., i.e. after the sewtooth has swung uwp 73V.
Hence, the Tx-timing pulse begins about 73/150ths. of the way up the sawtooth
which has a 1200 microsecond working stroke.  The transmi tter-timing pulse
will then form about 73/150ths x 1200 = 584 microseconds from the beginning

of the sawtooth. The 20 odd microsecond priming pulse will then bring the
tranemitter pulse shortly beyond the mid-point of the sawtooth. This rerult
is of interest in Fishpond. The Fishpand zero marker is formed on the back
edge of the 20 microsecond priming pulse. When the scen-marker switch is set
to the 100/40 positicn the Fishpond scan is developed from the 1200 micro-
second sawtooth. Since the back edge of the 20 microsecond priming pulse and
the gero marker are occurring beyond the centre of the sewtooth, the zero
marker will appear about 4" fram the tube centre.

223, Since the 10-mile zero and 30-mile zero vary the point on the sawtooth

at which the 20 microsecond priming pulse forms, they will also shift the
markers on the Fishpend display. These centrols can therefore be used to
shift the point at which the 20 microsecond priming pulse fomms on the sawtooth
to keep the diameter of the Fishpand zerco marker essentially constant as the
settings of the scan-marker switch are varied.

22),. TWhen the scan-marker switch is in the $00/40-80 position, 'the grid of

V505 is returned to +60V. The 150V sawtooth then tries to swing V505 grid
between =15V and +135V. Since V505 will go into conduction &t -2V the

" gawtooth will only swing through 13 volts of ita 150V swing before V.505

conducts. Hence, the trensmitter-timing pulse ocours 13/150ths x 1200 = 100

microseconds after the sawtooth begins, i.e., almost 500 microseconds before

the mid-point of the sawtooth. Ve have asen that on the 100/40 position the

trensnitter fires Just after the centre of the sawtooth. For the first 4

positions of the scen-marker switch, the tranamitter pulse will normslly elso

be foming very nearly at the centre of the sawtooth. Now we noted in

Chapter 3 that the height tube shift is set to bring the suppression break

at the bottam of the height tube. But this 20 microsecond suppression break

is caused by a second output from the moduletor multivibrator. Hence, it

represents approximately the middle of the sawtooth. If this break appears

at the bottom of the height tube on the first 5 positions of the scan=-marker

ewitch most of the firat half of the timebase sweep is of T the tube. jence,

when the scan-marker switch is set to the 100/40-80 position and this suppression

break occurs 500 microseconds earlier, it diseppears off the bottam of the tube.

The first signels that can then sppear the height tube will be those arriving

just short of the middle of the sawtooth. These will be fram 40 to 50 miles

awey. Ve thus obtain a range coverage on the height tube of around 40 to

90 miles. The 100/40-80 positiom of the scan-marker switch is therefore used

when it is desired to pick up homing beacans triggered by the Lucero trens-

mitter. Since the method of developing the P.P.I. scen 1s not designed for

use with this position of the scan-marker switch, there is no point in discussing

the P.P.I. display obtained with the 100/1,0~80 position of the scap-marker

awitch.

225, It mey seem strange that the control which alters the transinitter-timing
on the 20 mile scan is called a 30 mile zero. This ancmaly arises out of the
faot that older indicatars provided 10, 30 ard 50 mile scans, and that Coastal
Commend still uses such indicators with the present switch unit. A= the
control originally operated on a 30 mile scan and still does so in Coastal
Commend installations the name hes not been zltered on the switch unite
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Outline of Development of the Modulating Pulse

226. It has been pointed out that the 1 microsecond modulating pulse ocours
just after the trigger pulse from V7 grid causes the trigger gap of the
spark-gep switch, V.3 to flash-over. We shall now consider the development
of this modulating pulses Fram the circuit diagram, fige 55 we note the

following points:-

(2) We have a =LKV supply (developed by a power pack in the
modulator) connected in series with a 64 henry choke, a
six stage L.C. network and a 1.1 ohm monitor resistor, Rell.

(b) We have the spark-gap switch V.3, and the resistors R10, R11,
R12 in parallel with the L.C. network and R1J.

(c) In parallel with R10, R11, R12 we have & uniplug pulse~cable
to the transmitter unit and the primary of a pulse transformer
of the suto-tranaformer type.

(4) The secondary end of this pulse treansformer is commected to the
leg of the magnetron trensmitting velve heater %o which the
magnetron cathode is strapped.

(e) A high cwrrent diode, VeU.111, in series with suitable resistance,
is cannected across the pulse transformer with the diode anods
linked to the secandary end of the pulse transformer. In the
Mark IIC transmitter unit a 4K resistor is used in series with
the diode enode. In the Mark IITA tranamitter a 325 olm
resistor is placed in series with the anode, and a 27 olm
resistor in series with a themal-relsy is placed across the
diode and its cathode resistor in the Mk.ITIA transmitter unit.

227, When the "H.T. ON" push=button is pressed on the switch-unit the amber
light cames . After a delsy the red light ccmes up and the main gap, i.e.
the gap between the main electrodes of V.3, starts flashing provided the
switch on the front panel of the modulator 64 is dewm. If this switch is
up V.3 will only show flashing at the trigger gap which will cause a bluish
glow only in the lower part of V.3 and will cause a week 670 ofs. note.

When the main gap is fleshing & strong bluish glow f£ills the middle of the
valve and a pronounced 670 ¢/s. note is heard.  When the red light comes up
on the switch unit the H.Te supply to the trigger valve is campleted and the
trigger pulse developed at V.7 anode causes the trigger gap of V.3 to flash
over at & perof. of 670 o/s. Henoce we obtain the glow at the bottom of the

valve and the weak 670 ¢/s. note.

228, To understand the csuse of the flashing across the mein gap when the
modulstor switch is down as the red light comes up on the switch unit, we
must study the role of the L.C. network across V.3 and the =4KV modulator

power pack.

229, The transformer for this power pack is T3. The heater tranaformer is
2. When the "L.T. ON" button is pressed on the switch unit the heater supply
canes on. When, following the usual delay after pressing the "H.T. ON" button,
H.T. is applied to V.7 and the trigger gap of V.3 goes into operation, the
current passed by V.7 energisea the C relay in the modulator and the contact
Cut closes. If now the modulator switch, S.1, is flicked down, the 80V suoply
to the primary of T.3 is canpleted and the =4KV supply is developed. Since
the L.C. network is in series with this ~4KV supply, the condensers of the net-
work charge through the 64 henry choke. The network is called an artificial
1ine since it exhibits the same characteristics with regard to storing energy
and to charging and discharging time as a 500" length of ideal coaxial line ‘
of sultable dimensions. As the condensers charge up the p.de developed across
them is applied across the electrodes forming the main gap of V.3.  The voltage
developed is not, however, sufficiently great to break down the main gap unlesa
a spark is first produced at the trigger gap. If we have the trigger gap
flashing over and then close Se1, the voltege across the main gap will cause
flash~over each time the trigger gap flashes over. We then obtein the glow

in the widdle part of Ve3 and the load 670 ¢f/s. note when S.1 is closed.

230, When the main gep breaks down, its resistsnce drops to a few ohms and
we have the charged artificisl line in series with the gond.ucting resistance
of the spark-gap, the pulse cable to the trangmitter unit, and the primary
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of the pulse transformers The line, which has stored up energy in the €an--
denser, now discherges its energy in a 1 microsecond burst. There is then a
current flow of 40 - 50 amps. through the pulse transformer primery for

1 microsecond. The magnetron transmitter valve applies a resistive load of
arcund 1,500 ohms across the secondary, i.e., the whole windings The turn
ratio is such that this resistance looks like sbout 74 ohms on the primery side.
Hence the artificial line discharges a 1 microsecond bursi of ebout 40 - 50
smps. through a useful load of sbout 74 chms. The voltage appearing s&cross
the pulse trensformer priiary is then of the order of 74 x 50 = 3.7KV.  The
sense of the current flow is such as to make the earthy emd of the transformer
the high potentisl side. The tapping point is then taken up to a potential
of up to =3.7KV. The turn retio is such as to step this up to about 14KV
acrosa the secondary. The magnetron cathode is therefore teken suddenly f'ram
earth potential to about =14KV when the trigger pulse from V.7 anode breeks
down the trigger gep. At the end of 1 microsecond the artificial line has
campleted its discharge and the magnetron cathode returns to earth potential.
We thus hold the magnetron cathode about 14KV negative to earth for 1 micro-
second every time the trigger pulse fram V.7 anode appears on Ve3 trigger
electrode. This gives us our 1 microsecond modulating pulse Just after the
back edge of the 20 microsecand modulator primary pulse developed by the
modulator rultivibrator. If the modulator multivibrater is synchronlsed by
the trensmitter-timing pulse, the modulator pulse will have a peref. of 670 co/s.
ise., the same per.f. as the timebase. If the modulator is free-running the
modulating pulse will have the same p.r.fe. as the modulator mltivibrator and
will not be locked to the timebase.

231. If the blue Fye lead carrying the transmitter-timing pulse is discon-
nected the sparkegep will continue to operate but the p.r.f. note of the gap
will drop indicating that it is now operating at the lower, free~running pere.f.
If the p.ref. control setting is now veried the changing p.r.f. can be detected
by listening to the change in the p.r.f. note of V.3 Whether or not a ncrmal
trensmitter—timing pulse will synchronise the modulator miltivibrator depends
on the setting of the per.f. control. 1f this is set for a pe.r.f. above that
of the master multivibrator synchranisation is obviously impossible.

232, The control shows red, yellow and blue dotas. Synchronisation should
be obtainsble in a normal set when the ratchet is set within + or = 3 notches
of the red dot but this will not alweys be the case. If the contral is set
for & high per.f. and high note from Vo3 end then adjusted to lower the pitch,
the point at which atable locking is obtained can readily be cbserved as the
pitch of the note then changes noticeably. The control should be set back

3 notches beyond the locking point.
Development of the Trensmitter Pulse and Behaviour of Magnetrons

233, Transferring our attention now to the actual transmitter valve stage,
we note the following points:-~

(2) The magnetron transmitter velve is actually a diode with its

anode earthed and its cathode strapped directly to one side
of a heater. This heater has its own heater transformers

(b) No tuned cirecuit is apparent.

(¢) EBExamination of an actual transmitter unit will show that the
magnetron is placed between the poles of a powerful permsnent
magnet.

() The magnetic field eppears to be elong the axis of the
cylindrical anode of the magnetron.

(e} Tne magnetron is provided with cooling flanges and a
blower motor.

(f) The output from the magnetron in & Mark TIC instellation is
taken fram the intemal cavity by means of a probe projecting
into a coaxiel line. .
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(g) The output from the magnetran in a Mark IITA {TR.3555)
transmitter unit is taken from the internal cavity by means

of a probe extending into a waveguide.

(h) The feed to the scamer is by coaxiel feeder in the H.2.S.
Mark IIC installetion apd by weveguide in the Mark IITA
installation.

(1) Te feed through the scamner is by a coaxial feeder with a
capacity joint in Mark IIC and by waveguide with a rotating
Joint in Mark ITIA. i

(3) The actual radimtor is a waveguide terminating in a horn in
both installations.

234 The magnetron as used in these installatians is essentially a form of
cavity resonator. ‘%hen the 1 microsecand -14KV pulse is applied to the
cathode we have 14KV. between the cathode and earthed ancde. There is then
jntense emissian from the cathode but the presence of the magnetic field forces
the emitted electrons to traverse complicated paths in the honeycamb structure
that forms the interior of the cavity. We may regard these oscillating
electrons as exciting the cavity and causing the development of an intense
electro-megnetic field inside it. A loop projJecting into this field, but
insulated fran the earthed cylindrical snode slong its output leed, will have
induced an it a voltage at the frequency of the cecillations in the cavify.

If this loop is linked to the inner of a coexiel line whose outer is earthed
the R.F. output will be transmitted along the coaxiel line. If the loop
terminates in a probe projecting into a waveguide the probe will act as an
serial and launch a wave into the guide.

235, Since we have an oscillating electromagnetic field developed inside

the magnetron, the magnetron canbines the functions of a transmitter velve and
oscillatory circuit. Obviously, the first consideration will be the power
output obtsinable from the megnetrom. We oould specify efficlency instead of
power cutput since we supply only a fixed amount of power in the 1 microsecond
modulating pulse. How much R.F. power is developed by the magnetron depends
on its efficiency. The actual power supplied to the magnetron in the modu-
lating pulse is 125 - 14U K.W., 1., about 9 - 10 amps. at around 14 KV. How
much power appears at the aerial will depend on the conversion efficlency of
the magnetron end the matching of the magnetron to its output circuits.

236. The maximum R.P. power ocutput is not, however, the sole consideratiom.
Depending on its internal structure and operating conditions a magnetron may
showi-~

&) Moding.
b) Frequency splitting.
¢) Frequency pulling.

By "moding" we mean operasting at random on two different frequencies. That
is, sane bursts mey be at ane frequency, end others at an appreciably different
frequenacy. If the local oscillator is tuned to beat with one of these s¢ as
to develop the frequency to which the I.F. amplifier responds, the other fre-
quency may develcop a beat which will be outside the pass-band of the I.F.
emplifier. "Prequency splitting" involves the simultaneous development of
two different frequencies. The I.F. amplifier may only be able to amplify
the beat note developed by aone of these. nprequency pulling® means that the
frequency developed by the magnetron when the installation is lined up may very
with any variation in the impedance presented to the magnetron by its output
system. What the radar mechanic must aim to achieve is the maximan output
that can be obteined under operating conditions that will produce a single

stable frequency.

237. We shall now consider that factors influence the frequency developed
by magnetrons, their frequency stability, and the power radiated fram the
scanner into space. e chief factors which have a bearing on these points
arei=

(a) The physiecsl dimensions and structure of the cavity.
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Eb; The strength of the magnetic field.
The amplitude and shape of the modulating pulse applied
to the cathode.
(d) The loed presented to the magnetron by its cutput circuits,
i.e., the feeder, waveguide and scanner.
The emissian of the magnetron.
The leekage resistance of the magnetran.
The inner surface of the waveguide feed.
The cleanliness of the perspex cupola.

LR

238. The physicel dimensions of the cavity determine what range of fre-
quencies any particular magnetron will be able to develop under all possible
operating conditions end fixes the frequency band for which any particular
megnetron is suitable. - The dimensions of the (V.64 used in HeZ.8. Mark IIC
are such as to give a wavelength in the vicinity of 9.1 cmse The dimensions
of the CV.108, CV.208 and 7254 used in H.2.5. Mark ITIA are designed to develop
e wavelength in the 3.2 cm. region. The design of the internal cavity has a
significant bearing on the frequency atability and efficiency of the magnetron.
The CV.6L will provide outputs of 35 - 55Kk at around 9«1 cms. The CV.108
will develop about 18 KW. and the CV.208 sbout 25 KW. at around 3.2 cms. The
CV.208 may show fregquency pulling and sametimes Prequency-splitting. The CV.64
and CV.108 may show both moding and frequency pulling.

239. Magnet field strength appears to af'fect the particular frequency range
over which any particular magnetron will operate with reascnable efficiency
and also the frequency stability, i.e., the tendency for the freguency to remain
fixed under 2 range of loading conditions. When magnets fall below & certain
minimm value the efficiency end hence the output will fall sharply and the
frequency may be unstable. For HeZoS. Mark IIC the strength of the magnet
should not be less than about 1250 gauss, measured with the magnet in position
on the chassis and the cover on the transmitted unite. ¥or He2.5. Mark IIIA
the strength of the magnet should be at lesst 2500 gauss with the magnet on the
chassis and the cover on in the TR. 3555 series tranamitter units. In the

TR. 3523 transmitter units the atrength should be at least gauss.

2,0. When we come to the modulating pulse we must ccnsider the effects of
‘both emplitude and pulse shape. The emplitude will effect the efficiency
censidersbly and may elso influence the frequency developed. Changing the
modulator used with a given transmitter unit calls, therefore, for a check of
the R.F. aligmment of the transmitter unit. The shape of the modulating pulse
will have an appreciable bearing on freguency stability end hence on the con-
versic efficiency at eny particular frequency. For frequency stability it
is essential that the modulating pulse have a very steep edge =snd a flat top.
The rise to maximum should occur in C.1 microseconds. The maximum emplitude
should be meintained constant within 5% for the pulse duration. Decay to
zero should occur in not more than 0.4 microseconds.

241, The load presented to a magnetran by jts ocutput circuits effects fre-
quency, fredquency stability, and conversion efficiency. Ve know that any
oscillatory system will oscillate &t a frequency which makes its reactance
ZATO. This reactance will be the resultant value cbtained by canbining the
rezctance of the oscillatory circuit proper andl the reactance coupled into it
when the output circuit is ettached. The frequency at which the megne tron
oscillates will then vary if for any reason the ocutput circuits present a
changing reactance to the magnetran. Tn this way frequency pulling becames
possible. If the dimensions of the cavity and the elements in the output
cosxial or waveguide feeder system are sufficiently modified by temperature
changes there msy be & progressive frequency shift. If the perspex cupola
is asaymetric, there may be changes in the reactance coupled back into the
magnetron et different points in the rotation of the scanner. This resctance
chenge may result in frequency pulling during part of each revolution of the
SCANNeT. Sinece the beat frequency resulting from the mixing of the L.O.
signal and ReF. signel is then not equal to the X«F., redial peps will appear
on the P.P.I. display. These will coincide with those points on the. scarmer

rotation where frequency pulling occurs.
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24,2. When an oscillator tank eircuit is coupled to en aerial circuit the
resonant frequency of the entire system may show zero reactance for two tuning
positions of the serial circuit. The transmitter mey then show the phenamencn
of frequency Jjump, iee., the aerial may radiate on either of two frequencies.

The difficulty can be avoided by using 2 light coupling which will, of course,
reduce the energy transferred from the transmitter to the aerial. To achieve

a frequency response curve that has only a single peak, i.e., frequency stability,
it is necessary to reduce coupling and sscrifice output, i.e., efficiency. This
same conflict may appear in the HeZ.S. trensmitter. We have already spcken of
the double frequency problems of moding and frequency splitting. These problems
ere most likely to appear when a magnetron has been matched to its output circuift,
j.e., when the power output is at moximun. In lining pp an HeZ2.8. transmitter it
mey, therefore, be necessary to depart from the setting of the metching adjust-
ments which gives maximum power output in order to obtain a greater measure of

frequency stability.

243. Toe gain in frequency stability at the expense of output power applies to
the problem of freguency pulling as well as those of moding and frequency
splitting.

24),. The magnetron emission, i.e., the magnetron current for a given modulating
voltage, also plays a part in the efficiency and frequency stability of the H.Z.5.
trensmitter. As the emission falls the frequency stability diminishes and the

efficiencay falls.

24,5. When e megnetron starts to go "soft", i.e., the insulation from either

aside of the heater to the snode (earth) starts to go down, the .resistance it
presents to the pulse transformer secondary alters. The +turn ratio is then no
longer correct for the transformation of the magnetron hot impedance to a value
that matches the characteristic impedence of the pulse csble. - Part of the
energy fram the artificial line will then be reflected and only part applied to
the magnetran. The power cutput therefore falls. 4 succession of reflected
pulses will then travel along the pulse cable cansing a series of weak magnetron
pulses. These pulses may be seen as a block of constent amplitude pulses in
the height tube immediately af'ter the suppression break when a magnetron is golng
soft. If the pulse transformer or filement transformer insulation is going down
a similar indicaticn may be observed since these defecis also cause & misnatch
and result in similer reflectians on the pulse cable. The pulses will continue
until the voltage developed across the spark-gep by the artificial line is not
sufficiently great to keep the gap in an ionised or conducting state.

246. If the magnetron emission goes down its effective resistance increases
and mismatch. Conditions arise which will cause the reduced efficiency

mentioned above.

247, If dirt or moisture appears on the surfece of the waveguide and horn
yadiator in the Marik ITC scannsr, Or the irmer surface of the waveguide feed a
radiating system in the Mark ITIA scanner, considersble attenuation will take
place. The power ocutput will therefore fell off. These effects becane more

seriocus as the wavelength becomes shorter.

2,8. 0il, airt, etc. on the perspex cupola can likewise ceunse heavy attenuation
of the R.F. beam during its passage from the mirror out into space. Due to the
reduction in power actuslly going out in the beam the returns will then be weak.

Shaping_of the Modulating Pulse

2,9, So fer we have not discussed the function of the diode and resistance
cormected in series across the pulse trensformers The function of these can=
“penents is to prevent spuriocus triggering of the magnetron after the modulating

pulse has been canpleted. To appreciate how such triggering could occur we

mst consider the pulse transformer at the inatant the current pulse delivered
by the artifioclel lire is starting to decay. A certain smount of energy will
be stored in the magnetic f£ield surrounding the primery. As the current fram

the artificial lins decays the collapse of the magnetic field will cause ringing
at a frequency determined by the inductance and se

1f-capacity of the transformers
The first positive overswing camot cause magnetron triggering es the cethode of
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the magnetron is being carried positive to the earthed anode. The following
negative overswing will, however, tend to ceuse the magnetron to radiate a
second burst shortly after the first. Further negative overswings may cause
additional rediaticn. ‘These spuriocus pulses will tend to result in a main echo
with feeble echoes tagging alang behird it. The effect on the P.,P.I. display
will be to swamp the receiver by deans of transmitter breeak through after the
suppression ends and thus greatly reduce minimum range. These spurious pulses
will appesr on the height tube as a series of pulses of diminishing smplitude
directly after the suppression break if the dliode or the series resistance is
faulty. ‘This indicatian should not be confused with that produced by asoft”
magnetron or & faulty pulse or filament transformer which appears as & series
of comstant amplitude pulses.

250, If the diode and serles resistance are functioning, the positive overswing
carTies the diode into heavy exrrent and puts the low conducting resistance of
the diode in series with the relatively low associated resisteance across the
transformer. This serves to damp the ringing so heavily that it dies out with-
ocut developing an amplitude capable of ceusing any meterisl pulsing of the meg-
netran. The first negative overswing carmot, however, be fully dsmped out,

and recelver suppression muat be adjusted to continue through this perlod if
breskthrough iz to be prevented entirely.

251. If the emission of & megre tron is falling and the-resistance it impresses
acroes the pulse transformer is high, the voltage across the secondary mey be
so high as to csuse arcing in the diode. This arcing may also appear befare
the magnetron emission has reached its full value when & cold set is first
switched on. Such arcing in a set which has had time to werm up should put the
magnetron immediately under suspicion. The diode itself may, of course, be
faulty. Thie can be checked by first changing diodea.

252, If the aluminium spray on the ends of the LE. reaistor {used in Merk 1IC)
flakes uff and a high resiatance contact develops betwsen the rezistor and the
metel grip, the offective resistance goes up to such a high value that damping
of tha pulse transformer ringing becomes negligivle and the series of spurious
pulses with diminishing amplitude shows up on the height tube.

The Modulating Pulse Current Monitor Point

263. On the front of the modulatar 64 panel are two brown ani white Pye plugs.
Exemination of the circuit diagram, fig.55, shows that these plugs are strapped
and tapped in between the artificial line and the 1.1 olm manitor resistor.
Sooping at elther of these plugs will show the waveform developed scross the
resistor by the current discharged from the artificial line during the moda~
lating pulse. The emplitude of this waveform can be mesasured innvalti ty means

of the calibrated Y-shift on the Monitor 28, Since E=1IR, I = B = =7 would

give the cuwrrent which flows out of the line. Treating the 1.1 am resiastor
as 1 ohm we can say that the current in amperes is gima,pproﬂ.mately'by the
amplitude meesured on the Monitar 28 in volts.

The Modulating Pulse Yoltage Mond tor Point

254, The modulator 64 panel also shows & blue and white monitor point. From
a circuit diagram it is apparent that this plug is tapped between R.11 ard Re12
in the resistance chain between the spark gap and earth. Put Re10, Red1 and
R.12 are in parallel with the pulse cable and the pulse transformer primary.
Hence the voltage acrosa R.10, R.11, Re12 must be equal %o that across the
pulse transformer primary while the artificial line is discharging. The
voltage developed across R.12 will be 150/9550ths. or about 1/64th of the total.
Henoe, by measuring the voltage developed across R.12 at the blue and white
monitoar plug on the Manitor 28 and multiplying by 64 we bave the approximate
amplitude of the voltage output from the modnlating line. This will be of the
order of 3e5KV. The normal pulse will show as & negetive=going pulse with a
slight heavily demped positive overswing end s smaller negative overswing.

255. Since the pulse transformer is an auto-transformer and does not, therefore,
ceuse a phese inversion, the weveform ot the voltage menitor point will be in
the ssme phase sa that at the magnetron cathode. Any ringing due to a faulty
diode or 4K. resistor will then eppear at this point es & series of rirgs
following the initial negative-going pulse. If a fanlty magnetron, se
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transformer of filament trensformer ie resulting in a mismatch %o the pulse
cable and consequent reflections, the reflected pulses can slsc be seen in
their appropriete phase at this point. Scoping at this point on daily
inspection will therefore give a canvenient check as to whether or not all is
well in the overswing diode, pulse transformer, filament transformer and meg-
netron. Scoping at the current monitor point will serve the seme purpose but
will show phase=-reversed waveforms.

The Modulator Overload Trip Safety Circuit

256, To prevent damege to the modulator power pack due to any form of overloed
resulting from a fault in the modulator or transmitter unit, an overload relay
is included in the modulator. This is relay A in the modulator 64.  The
associated safety circuit is shom in fig.62., R.8, across the relay solenoid,
is in series with ths earth line, end the pomer pack. The voltage developed
across the solenoid by the normel mean cwrrent is not safficient to energise
the relay. The appesrance of any fault which results in any apprecisble
increase in this mean current will reise the valtage across Re& sufficiently
to energise the relay. The safety valve, Vek4, in the modulator, is them
brought into cperation snd relay B is energizsed. This results in cutting off
the H.T. supply to the trigger valve. Relay C is then de~energised and the
80V A.C. input to T.3 is broken and the rectifier taken out of operation.

¥hen the safety valve has campleted its cycle the trigger valve cames back on
and the supply to T.2 is again campleted. If the fault has dissppeared the
equipment will now operate normelly. If the fault persists the overload relay
will again be energised and the cycle will be repeated.

257. The details of the sequence of eventa are tabulated below:-

(a) When an overload energises A relay, cantact A/1 in the grid
circuit of Vel opens. This removes the negative bias fram
the grid and the valve pasges current. Relay B in its anode
circuit is then energised.
(b) When relay B is energised the contacts B/1 and B/2 are operated
(1) B/1 breaks the +300V supply to the trigger valve Vo7,
This results in a cessation of spark-gep operation and
hence of transmitter operation. Also, since V.7 18
not passing current, C relay is de-ensrgised.
{(i1) B/2 conmeots the feedback condenser, C.5, between the
anode and grid of Vel
(¢) When C relay is de-energised C/1 opens and the 80V input to T.3
primary is broken so the =4KV power pack oeases to operate.
This, of courase, removes the current through A relay solenoid
which caused the original tripping and A relay is de~energised.
(4) VWnen A relay is de-energised A/1 closes and reconnects the
negative biaps to V.4 grid which tends to out the wvulve off.
Due to the presence of C.5 between anode and grid the attempt
of the anode potential to rise tends to carxy the grid with it
and thus dslays cut—off and makes the decey of anode current
. In about 10 seconds the decay will have moceeded
far enocugh to make B relay de=enaryise.
(e) Wnen B relay is de-enorgised B/2 switches C.5 cut to restore
the safety velve olrouit to its normal state and B/4 reconnects
the 300V supply to V.7.
(£) e renewed flow of cwrrent in V.7 again energises C relay and
0/1 cJ-oaeﬂl
(g) The closing of C/1 restores the 80V A.Ce imput to Te3 primary
and the =LKV pack goes back into operation.
(h) The eircuit is now fully operatiomal egaine If the fault bas
been cleared normal operation is resumed. If 1t still persists
A relay will trip again and the seme gycle will repeat.
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The Mark IIC Feeder System

258. Examination of a Mark IIC jnstallation will reveal the following points:-

(a)

(v)

(e)
(a)

(e)

(£)

(g)

(n)

(1)

(3

Projecting from a glass seal passing into the cylindrical cavity

of the CV.64 magnatron is a metal probe. The other end of this -
probe terminates in a loop whose end is tied to the earthed anode.
The oscillating R.F. field that appears in the cavity during the

1 miorosecond modulation period induces & voltage on the loop.

The potential of the output end of the loop, i.e., the probe caming
through the glass seal, then rises and falls simusoidally with
respect to sarth at the radio frequengy of the cavity ocecillatioms.
This probe fita into a flexible aection of the imner of a coaxial
1ins whose outer is earthed. The R.F valtage then appears between
the immer and outer of the coaxial line which terminates at an
output plug on the panel of the trensmitter unit.

In this seotion of coaxial line is an adjustable guarter-wave

" matching slug which is merely a seation of metal cylinder sliding

on the inside of the outer of ths cocaxial line.

Passing from the output plug to the scamner Type 63 is a dielectric-
#£11led high power feeder which terminates in a plug at the scammer.
If the socanner is atripped down it will show a further section of
coaxial feeder clamped rigidly where 1t enters the scemner by meens
of a suitabls clamping band. This feeder section terminates in
the fixed pert of & capacity joint shomn in £ig+63.

Pitting into this fixed section of the capacity Joint 1s another
suitably designed section of the coaxial feeder. At the high
frequencies involved the narrow air gaps are a3 effective as an
actual metallic contact but provide relative movement between

the two mections which are coupled capacitively across the air
geps. We thus obtain eleotrical contimity at the redio

frequency in a rotating capacity Joint.

The rotating member of the Joint passes up through 2 tube which is
attached to the rotating member of the scammer main bearing. The
free end of the tube is segnented into six tapered sections. A
tapered locking mt screws up over this end. As this nut is
tightened up the feedsr seotion passing up through the tube is
gripped fimly and held properly control with respect to the fixed
section of the capacity joint. ‘The feeder section thus gripped
rotates with the motor-driven mirror.

The roteting section of the fesder passos through the back of the
mpirror and terminates at a plug on the side of a seotion of
rectangular wavegulide. The inner of the line, smbedded in poly-
atrens, projecta part way acroas the nerrow dimension of the

guide. This projection servea to launch the R.F. ensrgy into the
waveguide in much the same way &8 an aeriel launches R.F. energy
into free space. An electromagnetic wave guided by the walls of
the guide, travels towards the mouth of the guide. To avold heavy
reflections at the guide mouth where the wave must pass from lis
guided form into the free space form, it is mecessary to have

the guide mouth suitably flared.

The flaring at the emd of the waveguide is called a sectoral horn.
The shape and dimensions of this horn and its position with respect
to the focus of the peraboloid mirror play & large part in the polar
diagrem of the trensmitted beem. Any damage to the horn or to ita
supports may therefore be expected to upset the shape of the He2.S.
besm.

The wave radiated from the harn mouth will have the E vector acrossa
the narrow dimension of the horm, l.e., in the horizontal plane.
The He2.S. beam is therefore horizontally polarised. The azimth
bean width of the main lobe for the type 63 scanner is about .
Returning to the trenamitter umit we note that between the slug
and the output plug & branch line comes off at right angles to the
coaxial output line. This line passes to a CVek3 TeR. switch
which flashes over when the magnetron pulses. When the CV. 43 .
flashes over the result is to practiocally short the Yranch line an
odd mumber of quarter wavelengths fran the junction.  The branch
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line then presents a high impedance at the junction whan the
transmitter pulses and there is no sppreciable flow of energy
down the branch line. This branch line is actually the receiver
chammel through which received signals pass to the orystal mixer
chamber through the CV.43 T.R. switch.

259. Having noted the chammel along which the R.F. pulses developed by the
CV.64 must travel, we must now consider the functions of the matching slug. For
the maximum trensfer of energy from the magnetron cavity out into space we must
arrange that:-

b) fThe magnetron is matched to the feeder and the feeder to the array.
e¢) The flow of R.F. energy down the branch line is kept down to

a minimm.

gai Resistive losses in the feeder system are kept to a minimum.

260. To minimise losses the Pollowing simple precautions are necessary:-

(a) Ensuring that the output probe of the CV.6L is properly fitted into
the flexible imner section of the coaxial cutput line and has not
pushed the flexible line to one side.

(b) Ensuring that the plug camections are tight at both the scanner
and the transmitter unit.

(¢) That there is no accumlation of dirt or moisture in the
waveguide radiator to ceuse attermation.

Ed; That the perspex cupola is free from dirt and oil films.

That standing waves be kept down to the minimum throughout the
feeder system.

Should sparking be occurring in the plugs due to poor contects, or at a faulty
contact between the CV.64 ocutput probe and the flexible inner link, the effect
will be, not only to reduce output due to losses, but to greatly increase nolse,
On the P.P.l. display this will appear as flashing ar spoking, that is when the
gain is high enough to bring up signals the high noise level will brighten up
the full timebase sweeps. )

261. ‘e problem of minimising standing waves in the feeder system involves
sane forn of matching wherever a discomtimuity occurs. Most of these polnts
are taken care of in the actual design and do not call for any adjusiment by

the radar mechanic.
The Mark IIC R.F. Output Matching

262. Camplete presetting of the magnetron matching errangements is not, howaver,
possible as magnetrons differ in the impedance they present to the feeder system.
We may then regard the problem as a matter of transforming the impedence of the
high power feeder at the transmitter unit ocutput plug to a value at the magnetron
that matches the output impedance of the magnetron. If we assume that the
feeder offers a purely resistive impedance, the length of coaxial between the
plug and the guarter-wave slug transforms the characteristic resistance to a

new value depending on the length of line. The guarter-wave slug has itself
some charecteristic impedance determined by its diameter and the dismeter of the
 common inner. Let us assume the value 1la Zo and the impedance preaented to the
plug side of the plug is Zq. This lmpedance will be transformed to same value
given by Zp = 2,5/24 if the frequency of the signal is such as to make the slug

& guarter wavelangih. This impedsnce velue is sgain trensfommed by the line
secticn beyond the slug to a value determined by the length of this section.

The position and range of movement of the slug have been so chosen that by moving
it through its trevel a point can be found where the resistive coamponent of the
impedance presented to the normal magnetron metches the hot impedance of the
magnetren. If the impedance presented to the magnetron also includes reactance
the effective resctance of the oscillatory system is not the same as it would dbe
if the impedance presented were purely resistive. The frequency of the
oscillations is therefore modified to a value where the net reactance of the
pystem is gero. 28 the position of the matching slug is varied the power output
fram the horn radistor will incresse as the resistive match is improved. At the
seme time frequency changes may sppear due to changes in the reactance coupled
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back into the magnetrom cacillatory circuit. For certain slug positions &
small chenge in position mey result in apprecisble frequency changes. Thia
position may, in some cases, coincides with the peoaition for maximm power output

and meximum signel amplitude.

263. 1If, with such a setting of the slug, the standing wave in the cupcla due
to reflections fran the perspex and parts of the fuselage differs at different
points in the scanner rotation the reactance coupled back into the magnetron may
vary sppreciably during the scanner rotation. The result will be frequency
pulling which will result in signals returning on different frequencies during
different parts of the scamner rotation. This, in turn, will result in radisl
fades or gepe a8 the I.F. developed in the mixer will not be constant and may
swing in and out of the pass-band of the I.P. amplifier. Altering the L.G.
tuning mey then alter the portions of the scamer rotation where the I.F. output
fran the mixer is within the I.F. smplifier pass-band. The radial gaps will
then shift. If the pulled frequency is outside the pass-band of the CV.43 this
gap shifting by the L.O. tuning will not ocour.

26l The tendency for small changes in the reactance at the scammer end to be
trensformed into appreciable reactance changes (and hence frequerncy changes) at
the magnetron, depends very largely on the poeition of the metching slug.

During portions of ite trevel the result will be mainly to alter the resistive
matah without coupling back much reactence. Tn this renge the power cutput
will change without eny sppreciable freguency change occwrring. The best
osition of the matching slug is therefore a position where the slug can be moved
jnoh either way without altering freguency much while at the same time not
sacrificing power output by more than is necessary to ensure reasonable frequency
stebility. With a good megnetron, good magnet, and satisfactary modulating
pulse, it should be possible to find a matching slug position that permite dis-
placement of the slug by + or -~ % inch without causing frequency chenges of more
then + or = 4 Mc/s. and without reducing power output by more than 10 = 20% of
the neximum value. If the L.Q. is not returnmed ard the emplitude of signals .
does mot drop by more than 50% as the slug is moved + and - % inch, the megnetron
frequency change is less than 4 Mc/se With such & setting gepping should not
occure If the megnetron emissicn falls, magnet strength goes below about 1250
gauss, or modulating pulse has insdequate ampli tude or poor shape, the ocourrence
of redial gaps or fades will be mich more likely.

265. Although more clearly allied with the receiver chain it may be instructive
to consider at this point the relation of the matching slug to returned aignals.
These signels pass down the waveguide, through the capacity Jeint, and along the
high power coexial feeder to the transmitter unit. From the Re.F. plug they pass
to the coexisl line in the unit. At the junction of the branch line the incauing
signel has the cholice of two pethse The first of these is atraight ahesd toward
the magnetron and the second is down the branch line. As the impedance of the
ocld magnetron is almost wholly reactive, the flow to the magnetron ias reflected
and this reflected wave may interfere with the wave flowing directly into the .
receiver branch line. Such jnterference will be minimised if the position of the
matching slug so modifies the phase of the reflected wave &8s to bring it into
phase with the direct wave. We say the slug has then transformed the cold
megnetron impedance to a high value at the brench line junction since the effect
is the seme as if there hed been no flow to the magnetron due to a high opposing
impedance. As the setting of the slug is veried to match the hot impedance of
the magnetron to the output system, the cold impedance presented at the brench
1ine junction will also varye It may be found that maximm output will ocour

at a slug setting that will permit an apprecisble interference between the wave
flowing directly into the branch line and the wuve reflected from the megnetron.
Prectice in the past in Bomber Comnand has therefore been to adjust the slug on
the ground for maximum permanent echo signel ocutput fram the receiver as cbserved
on the Monitor 28. This method is open to the objection that such a method of
setting may leave the slug in a position where small changes in the reactance
coupled back into the magnetron may cause &n appreciable change in the magnetron
frequency. Alternatively, small changes in supply voltage causing changes in
the magnetron emission or in the modulating pulse amplitude, may also cause un-
stable frequency conditions. What constitutes the most reliable way of obtaining
the best campromise between frequency stability and strength of returned signals
remains one of the uncertainties in the use of the transmitter unit employed in

the various H.2.S. installations.
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266. To ensure that the flow of ReF. energy down the receiver branch line is
kept to & minimum during trensmittion it is only necessary to ensure that the
CV.43 TeR» switch is functioning properiye Riller details of this valve will
be given when dealing with jts functions in the receiver chain. Tts functions
jn the transmitter chain is to flash-over when the transmitter pulse cammences
end tims meke the branch line appear effectively a shorted quarter-wave stub at
the junction with the main line, thue reducing to & trickle the energy flow
down the branch line while the transmitter pulses. This flash-over will occur
esrlier in the transmitter pulse rise and will develop a more effective ahort
when the CV.43 resonant cavity ig tuned to the same frequency a3 the magnetron.
Hence, CV.43 tuning has a beering on the tranamitter cutput radiated fram the
scammer. The losses down the branch line are, however, more significent fram
the standpoint of damage to the orystal than frau the standpoint of reduced range
due to reduced power output.
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The Mark IITA Feeder System

267. The Mark ITIA feedsr system is much more elaborate than that used in
Merk IIC for the following reasons:-

(a) In the 3 an. band dielegtric losses in coaxial feeders became 80
greet that it becames necessary to devise some form of tranemisaion
chammel to the scenner that introduces a much lower attemuation.
The only form of transmission channel capable of meeting this
requirement is a waveguide system. :

(b) Propagation in waveguides can take place by means of different modes,
i.e., different electromagnetic field patterns, which will behave
differently at discontimities, bends, etc. with regerd to the
introducticn of standing waves. Standing waves may result in
voltage maxima of such amplitudes that corona discharges msy develop
across the guide. Such discharges will cause large energy loasea

. and will develop noiae. It becames necessary, therefore, to use
mode filters at various points to cut out unwanted modes which will
introduce unwanted standing waves and wmented losses.

(¢) To prevent the appearance of umwanted modes as mmuch as possible and
at the ssme time carry the energy around bends, across a vibrating
joint, and across a rotating joint, it ie necessary to use both
circular and rectangulsr guide sections. The transitions from ome
to the other call for sultable matching adjustmenta.

{(d) To operate with a comon T and R arrsy we require:~

(1) Matching adjustments to match the magnetron to ite
output system.
(11) Adjustments to match the camon array to the receiver
charmel.
(111) To trensform the cold impedance -of the magnetron to a
high value at the receiver brench line Junction.

It is these matching adjustments with which the radar mechanic will be primarily
concerned. The variocus mode filters and fixed matching adjustments are of
interest to the acientifically-minded mechanic ut are not a major concern.

268. Examinstion of an He2.8. Mark ITIA installation fitted with a transmitter
unit of the T.Re3555 series will reveal the following pointsi=-

(a) The oscillatory voltage developed in the magnetron cavity is
induced on & loop inside the oavity. Ome end of the loop is tled
to the earthed anode and the other cauea out as a probe inside a
glass seal.

(b) The probe of the CV.108 terminates in a rounded knob which projects
into a circular guide secticm. The rounded nob is used to prevent
spericing across to the gulde wall, The CV.208 probe differs from
thet of the CV.108 in that it is not rounded at the ende AS an
alternative method of preventing sparking or cordana diacharge the
glass seal is extended to enclose the entire probe. For both valve
types the guide is held statiocmary with respect to the megnetron by
means of a suitable locking ring arrangemernt. The R.Fe. energy is
leumched into the circular guide section fram the end of the prcbe
in somewhat the same way as ensrgy is launched fram an aerial into
space.

(¢) In the earlier units in the T.R.3555 series the two output matching
adjustments provided cansisted of an adjustable sharting piston in
the end of the circulsr guide, and an adjustable iris between the
probe and the Junction of the eircular guide and the rectangular
gulde section into which it feeds. In scme units of the TRe 3555
series, instead of the piston and the adjustable iris two silioca
tuning probes on an adjustable carriage are fitted to a square
section inserted in the circular guide. The distance that these
probes project into the guide can be varied. The two adjustments
then consist in moving the carriage and the positiom of the matching
probes and in varying the distance the probes project into the
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The clrcular guide, instead of being mechanically comnected to

the rectangulsr guide, is terminated in a circular flange. A

short circular section is fitted to the reotangular guide. Thia
short section likewise temminates in a circular flange scparated fram
that on the main circular guide by a narrow air gap. The primary
purpose of this gep is to allow for tolerances in the dimensions of
the magnetrans. To prevent escape of R.F. energy through this gap
it must appear to the wave in the guide as if no gap were present.

To assist in achieving this result, ditches, a quarter-wave Geep and

. 8 quarter-wave out fram the inner guide surface, are cut in the

lower flange. These serve effectively as R.F. chokes.

The end of the rectangular guide is fitted with a 45° inclined
plate. The purpose of this plate is to take the R.P. energy
arcund the right angle bend without introducing appreciable
reflections back up the clroular guide.

Proceeding along the rectangular guide we note a short rectangular
brench at the bottan of the guide. The base of this branch is
shorted. Into the side is fitted a circular section with an ad-
justable tuning piston. 4 little gas-filled valve, CV.115, with
s copper diaphragm sealed into the envelope, is fitted at the
sanction of these circular and rectangular sectiona.

A little farther along the gulde is the receiver branch line.

This 1line inoludes the T.R. awitch, GV.114, the crystel mixer, and
another section of circular guide fitted with & shorted tuning
piston. This piston and the one mentioned in (£) are the R.P.
input matching adjustments. »

The reotangular guide, with ita rarrow dimension vertical
termimates at the penel of the H.F. box. Comection to the
scammer type 71 waveguide system is mede by means of a ciroular
section of flexible rubber guide. . ‘

The rubber guide mection feeds into a further rectangular section
that feeds into a circular seotion at right angles to it. A
perspex seal is inserted at the entrance to this rectangular section.
This seal, together with another near the waveguids horm, foms an
airtight system which bresthes through a drying agent bottle. It
elso prevents any dirt, etc. in the cupdla fram working back into
the H.F. box waveguide sections. The perspex is essentially traps-
parent to the R.F. pulses and signals.

The oircular section into which the rectangular section in (1) feeds
forms tha fixed member of a rotating waveguide joint. X

A further section of circular guide, separated by 1 mm. fram that
in (J), forms the rotating member of the joint. This section
moves with the mirror as it turns.

Circular mode filter rings, mounted on trolitul supports, appear
in each of the oircular sections that form the rotating Jjoint.

The rotating olrculer section feeds at right angles into a
rectangular section with the long dimension of its crosg=section

in the horizontal plane. Thissection is taken around a gradunal

bend and terminates in a waveguide union which couples to a
further section of rectangular guide. This section contimes the
bend but is also twisted through 90° to finish up with the guids
mouth facing the pareboloid wirror with the long dimension of its
cross=section in the vertical plane and the narrow one in the
horizaontal plane.

The guide is terminated in a sectoral horn, i.e., the narrow
cross-section dimension is kept comstant but the long ane is
jnoressed. The wave emerging fram the guide has the E vector
in the horizontal plane, i.e., the radiation is horizontally
polarised., The main lobe of the rediated beem has an
azimuth width of about 34° in the scamner type 7.

Another matching iris is fitted et the back of the horn.
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269. Trensmission line and wavegulide principles ere discussed in Chape13.

The Output Contrals of the TR.}EQS Series H.F. System

270. We have discussed the mechanioal details of the waveguide feeder system.
We shall now consider the functions to be fulfilled by controls and the controls
provided to fulfil these functions. In order fo obtain the maximum flow of
ensrgy frau the magnetron output probe along the feeder syatem and out into
space, we must arranges-=

(2) That the maximm energy £low leaves the probe and passes into the
guide. This requires that the output system present to the probe
a resistive impedance camponent equal to that of the probe.
(b) That the maximm fraction of the energy launched into the gride be
radiated into space. This means that we musti~
(1) Minimise standing waves in the guide since these represent
energy reflecting back and forth in the guide sysiem tns
introducing losses Yy heating the inner guide surface and
by causing corona discharges at points where the standing
waves show voltage mexima.
(11) EBffectively prevent the flow of energy through gaps and
down parallel branches jpstead of along the main feeder.

To minimiae standing waves it is nscessary to arrange that the reactamce
presented to the probe by the output system be equal in magnitude and opposite

in sense to the reactive camponent of the probe cutput impedance. To effec~
tively prevent the flow of energy into the branch lines end geps during the
duration of the tranamitter pulse it is necessary to srrange that these appear to
present electrical contimity, i.e., as if there were no gap in the surfsce.

274. Im considering the controls which are ndjusted to obtain a good ReF.
output it may be helpful to consider the transmisasion line analogye Suppose

we have an ordinary transmitter which is coupled to an aeriel by means of a
feeder. To get the maximm energy transfer from the tank circuit to the feeder
the feeder and tank circuit must be matched. This is normally done by same
form of transformer coupling. The feeder may be tapped in directly on the
ecoll which then serves as an auto-transformer. Alternatively, depending on
the type of feed used at the aerial, it may be prefersble to use a secand coll
coupled to the tank coil to give a mutual transformer arrangemente. In elther
case the turn ratio of the primary and asecondary windings must be given by

Secondary Twrns - 2 Tenk Circult
Primary Turns -z "f"'",,d,"'r e

where 2 Tank Circuit is the dynaemic reasistence of the tank circuit enmd Z feedar
is the characteristic resistance of the line.

272. Matching the tank oircult to the feeder serves to get the maximmm ocatput
on the feeder but does not guarantee that this output is radiated fron the
aerinle To get the maximum energy radieted the feeder must be matched to the
aerisl. The serial will present a certain impedance to the feeder at any
apeoific frequency. This impedence depends on the serisl dimensions and design.
If the serial is resonant this impedance will be pure resistance, For a non=
rescpant aeriel the impedance will contain both resistive and reactive compon-
ents. To have the R.F. energy travel down the feeder to the serial without
reflection, i.e., without causing a standing wave on the. feeder, the resistive
of the aerial impedance must be matched to the charactsristic resis-
tance of the line and the net reactance of the aystem mst be brought to sercs
These two results are cften achieved by some form of stub-metching. A tapping
point 1s located at which the resigtive camponent of the aerial impedance has
been trensformed to a value equal to the characteristic resistance of the feeder
eder between the
tapping point and the eerial. The reactive camponent sppearing at the tepping
point is then cancelled out by putting a short-circuited or open«circuited atub
of suitable length across the 1in® at the tapping point. When the two conditic
of resistive match and zero pet reactance have been fulfilled the energy will
flow from transmitter to aerial in the form of & travelling weve. The stending

wave which is produced when reflections occur &5 the result of & miamatch will

then be absent and there will be no voltage maxime and minims alcng the mein

feeder.
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273. Peturning to our HeF. box feeder syastem we are faced with a similar

type of problem. There is a difference, however, aince the introduction of the
output probe of the magnetron into the waveguide results in the appesrarce of
both reactive and resistive companents in the output impedance of the magnetron.
To get the maximm flow of energy into the guide we must meet the ssme conditions
that are necessary to get the maximum_ energy radieted fram an aerial. 1In the
first place we must match the resistive companent of the probe's output imped-
ance to the wave impedance of the guide. The secand conditiomn to be met is

to metch out the reactive campanent of the probe's output impedence. The first
condition calls for some form of impedance transformation and the second for the
introduction of & reactance which is equal in magnitude and opposite in sense to

that of the prcobe.

274. To pursue these points further without going into a detailed study of
waveguides at this point it will be neceasary to accept the fallowing pointss-

(a) The term weve impedance is the waveguide term that correspands
to characteristic impedance of a feeder. The value of the weve
impedsnce depends on dimensions, shape, frequency and the type
of wave.

(b) Reactances introduced in feeders ceuse reflections and standi
waves but cermot absorb power since current and voltage are 9
out of phase. In the same way reactancea in a guide ceuse
reflections and standing waves but do not absorb power. Eence
when a standing wave appeers due to an unbelanced reactive
companent we can effectively eliminate it by introducing =ane
form of reflector that causes a standing wave of the same empli-
tude but exactly in antiphase. The two will then cancel out
and we may say that the net reactance is zero.

(¢c) In transmission line matching the quarter-wave transfommer is
often employeds This matching device is essentially a section
of trensmisgion line of a different cheracteristic impedancs
fran the main feeder. In guides, quarter-wave irises, i.e.,
seoticns with different dimensions or & different dielectric
are often employed. Instead of a different guide section two
projections into the guide aseparated by a .quarter wavelength may
be used. If the distance that such a pair of projections extend
into & guide is msde variable, they cen serve simlteneously as a
quarter wave transformer to obtain resistive matching ard a
varinble reactance to match cut an urmanted reactive campoment.

(d) Guide dimensions must be of a certain minimum size befare & wave
can be propagated inside them for any appreciable distance. These
minimm dimensione are celled the cut—off dimensions.

(6) The wavelength in a guide depends on the wave type or mode.

For a waeve that hes a free~space wavelength of 3.2 ams., the
wavelength in the rectangular guide is lLietl cms. and the wave-
length in the circular guide is 5.95 ams.

275. Let us congider now the actual matching gdjustments used in the earlier
H.F. boxss in the TR.3555 series. Principles are discussed in pares. 1227~
1229. Details are shown in fige.65, 180 and 220. The piston can be adjusted
to a position where the resistive component presented by the probe is trena-
formed to a wvalue that matches the wave impedance of the guide. There will,
however, be a standing wave in the guide seoticn between the probe mide of the
iris end the piston. By moving the iris the phase of the reflection fram

the iris csn be adjusted to be opposite to that from the probe. It is not
likely thet camplete cancellation will occur due to emplitude differences.

A readjustment of the pistcn will now give an improved cancellation of the
iris reflectlion. Thus, by alternately varying the two adjusiments, a can—
bination of settings can be found which results in the maximm flow of energy

down the guide system.
276. What happens to this energy depends on:i-
Whether the guide is correctly matched at its output end.

a
b) Whether there ere losses in gaps end branch lines.
o) Whether the successive sectians are matched to each other.
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The redar mechanic is not in a position to do anything about these points in s
far as adjustments are concerned, but should be aware of the provisions made az
how their failure may result in low output from a good magnetron.

277. Matching the waveguide proper to its ocutput stage is done by properly

locating the guide with respect to the mirror and by sultebly flaring the guide
moath. Any damage to the guide that alters ite position or distorts the horm
termination will result in a reduced output and probably in polar diagram dis-

tortian.

278. Matching of the guide sections to ane another is done by suitably choosin
the dimensions used and by introducing fixed adjustiments. Suitable filter rin
are inserted to prevent the passage of unwented wave types or modes which may
appear at discontinuities. These rings serve the seme purpose &s wavetraps an
filters in the more familiar types of R.F. circuits. Care must be exercised i
scammer and HeF. box mainterance to avoid any distortion or derengement of the
waveguide feeder system if the fixed matching and filtering devices are to
function properly. Care must alaoc be exercised to prevent oil, dust, or moist
from getting into the guide system and ceusing heavy attemuation of the output.

279. To prevent R.F. energy from flowing into the receiver branch lines when
the transmitter fires we have a T.R. cell, CV.11}4, an electricel wavelength up
the receiver branch line. This cell has a low pressure water-vepour filling
which fleshes over when the cavity is shocked into violent cascillatiom by the
ensrgy flowing down the branch line during the first cycles of the transmitter
pulse. There is then an effective short ocircuit a wavelength fram the Junotic
of the brench line, and the output line. When the wave resches the shorted en
it is refleocted and travels back towards the main line. Since it has travelle
t ;o full wavelengths it is in phase with the wave travelling down the main line
o the effect is the same as if thers were electrical contimiity straight acros
the mouth of the branch line. There is then no appreciable leas down the
receiver branch line and no interference at the junction. Should the CV.114 b
faulty and fail to flash over the transmitter output will obviously be reduced,
but what is more significant, the orystal will be ruined. -

280. The purpose of the second brench line may not be imnediately apparent.
Its function is wrspped up with reception of signals rather than trensmission.
Suffice it to sey at this point that tuning piston 2 is included so that incaml
signals arriving at the branch line will see & high impedance in the direction
the magnetron so will travel down the receiver branch line. Since this branch
1ine has been included same provision is necessary to effectively prevent the
flow of transmdtter output into it. The rectangular sectian of the branch is
o wavelength long and is shorted at the end. Fitted in the side is an anti-
TeH. cell, CV.115. This valve is argon-filled. A copper diaphragm with a
resonant slot appears half-wey down the wall of the wavelength of rectangular
guide. The CV.115 mast be inserted to have the slot horizontal. When the
transmitter fires the rescnant slot arcs over to effectively give the wavelengt
of rectangular guide two contimous sidewalls. The wave then travels to the
shorted bottom, reflects, and travels back, As the path traversed down the
branch line and back is two wevelengths the reflected wave will be in phase wit
the wave contimuing down the main guide. The result ies then again the ssme a8
if the main guide wall were contimious and there were no branch line present.
Should the CV.115 be lef't out, faulty, or fitted with the alot vertical, energy
will flow through the alot and reflect back to arrive in the main line with a
phase that will depend on the setting of the ‘platon. If there is a large phas
displacement, the reflected and direct waves ani the output will interfere with
fall. Tuning pistons 2 and 3 are receiver adjustments so will be deslt with

in the receiver chain.

281. The loss of energy at the vibrating Joint is prevented by means of the
quarter-wave ditches at right snglea to the B~vector. As the R.F. currents
flow in the guide walls the wave travelling through the gaps will produce a
certain current distribution in the upper flange. On the lower flange the
qurrents must travel down the one side of the quarter-wave alot and up the othe
8o are out of phase by half a wavelength or 180° when they reach the flange
aurface. The fields set up in the upper end lower flanges beyond the ditch ax
then in entiphase so cancel out. Hence there is no flow of emergy out through

the Joint. The ditches thus serve as R.F. chokes.
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282. To prevent sparking between the pistons and guide walls across the gap
that must obviously be left to permit pistan movement, the piston faces are
arranged as shown in fig.180. The energy travelling down that aside, into the
ditch snd back again, will have travelled a full wavelength so will be in phase
with the wave reflecting fraa the piston face. The effect is then the same as
if the piston face were actually making metallic contect with the guide wall and

there were no gap at all.

283, In the latter A.F. boxes of the T.R.3555 series the iria and turing piston
1 are replaced by a moveable carriage carrying two adjustable silica tuning
probes separated by a quarter wavelengths As the two probes are discontimities
' a quarter~wavelength apart, we masy regard them as forming a quarter-wave matching
transformer with a characteristic impedance dependent on the distance they pro-
Ject into the guide. If we start with the probes projecting in ebout % inch
and slide the carriage we can find the point that gives the best output down the
guide. There will probably still be scme unbalanced reactance, i.e., a standing
weve between the control and the top of the guide. By increasing the distance
the probes project into the guide by % inch and again adjusting the carriage, &
better setting may be found with a smaller standing wave. By increasing the
distance tie probe projects into the guide in % inch steps and finding the best
carriage position it is possible to find the position for maximum power output.

284, So far we have assumed that the guide is carrectly terminated so that
there will be no standing wave along its length. When seiting up with a Test
Set 205 this will be the case. Actual scerners may not, however, provide this
correct matche The guide may then show & fairly pronounced standing wave.

™is is equivalent to coupling additional reactance into the magnetron which
may cause frequency pulling, frequency splitting or modings In the case of
the CV.108 moding is the more camman result and in the 0V.208 frequency pulling .
is the more usual effect. These effects will be most pronounced when the
hesviest loading is applied to the magnetron, i.e., when the matching adjust-
ments are set for maximm ocutpute The effect will be unstable returned aignale
in the cape of moding, and falling off signals with frequency pulling. The
unsteble signal strength results from the fact that the one mode of osclllation
may give a aignal which cames within the I.F. pass=band after beating with the
LeQ. signal while the other mode results in an I.F. signal near the edge or
outside the I.F. pass~band. To prevent frequenay pulling or moding it is
necessary to reduce the loading on the magnetron by introducing a deliberate
mismstch at the magnetron. This process is analagous to loose coupling in
short wave transmitters in order to secure a higher frequency stability. A
suitable mismatch unit which introduces a standing wave with an emplitude of the
same order as that caused by the worat scanner is used to ascertain what ssttings
of the two H.F. output comtrols will sustain a atsble frequency as the phase of
stanling wave is varied throughout its full range. When this setting of the
control is found it is reascneble to assume that the magnetron can be relied
on to give a sufficiently stable frequency for operational purposes when the
H.F. box is installed in an aircreft.

How the Magnetron is protected in the T.R.3555 Series

285. Details of the protective circuit are shomn in fig.66. Provision is

made to ensure that:-

(a) Magnetron heater voltage 1s always applied when there is no
modulating pulse on the magnetron ecathode.

(b) As soom as the modulating pulse is applied the heater wvoltage
is cut off.

Theae precautions are taken to protect the magnetron. Once the cathode has been
heated until its asteady emission is takiug place the application of a modulating
pulse will result in sufficient bombardment of the cathode by oscillating elec-
trons to sustain the correct emitting temperature. Should the heater voltage

be contimued the emission would contime to rise until the cathode was des-

trared. If the modulating voltage is applied without previocusly applying
tron current will be low. The
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thermel relays The safety vaelve in the modulator then goes into operation
to produce the following results:-

(a) 300V supply to the trigger valve, V.7, is broken and the spark-gsp
switoh, V.3, no langer operates to discharge the artificial line
and produce & modulating pulse.

(b) The 80V A.C. input to the primary of the trensfoarmer, T.), whose
secondary feeds the -4KV rectifler stage is broken. This means
there 1s no longer any E.HeT. to charge the modulating line.

(c) The heater supply to the magnetron is agein ocmpleted.

The (V.489 will arce over when the voltage across the secondary of ths pulse
trensformer reaches about 16KV.

286. The cycle of events is as follows:=-

(a) When the CV.189 arcs over the thermal relay (bi-metallic strip
type) closes amd earths the junctiom of R.15, R.18 in the grid
circuit of the modulator safety valve, Vel

(b) Due to the removal of the negative bias the valve comiucts emd
B relay is energised.

(¢) Contact B/1 is then opened and the 300V supply to the trigger
valve is broken and the epark-gap ceases to operate, and there
is no further application of the modulation pulse to the magpetrm
cathode.

(4} Due to the cessation of current in V.7, C relay ia de-energised.

(e) GC/1 then opens and breaks the 80V A.C. input to T.3 primary so
the ~4KV pack ceasss to operats.

(f) ©/2 closes end recomects the heater voltage inmput to the primary
of the magnatron filament tramsfaormer.

287. If any other fault develops which causes the rectifiers in the -hKV
pack to pass excessive current the overload relay trips and puts the safely
valve into operation to produce the same results as outlined in paras256=257.
when C relay is energised contact /2 recomnects the 80V imput to the primary
of the magnetron filament transformer.

288, The cycle of events when the equipment is switched on is as follown:=

(a) When the "L.T. ON" button is pressed reley C in the modulator
is still in en unensrgised state. The contact C/2 is closedq,

80 the 80V A.C. supply to the filsment trensformer of the
magnetron is campleteds C/1 is open so there is no 80V input
to Te3Je

(b) After the "H.T.ON" button is pressed there is a delay of about
30 seconds after which the red light cames on. The appearanoce
of the red light coincides with the energising of E relay in
the power unit to switch on the +300V supply to the trigger
valve in the modulator.

(¢) The anode current taken by the trigger velve energises C relay in
modulator. Contact G/1 now closes to camplete the 80V aupply
to the primary of T«3 and bring the -4KV power pack and the
artificial line into operation. As the trigger valve and the
sperk-gap are opereting the modnlating pulse is now applied
to the magnstron cathode. Contact C/2 meerwhile has opened and
broken the 80V imput to the megnetron filsment transformer.
Hence, as the red light comes up the modulating pulse is spplied
tc the magretron and the filament supply is simultanecusly

broken by C relay.
289, If the modulating pulse is removed fram the magnetron cethode by operating

the switch on the modulator panel, the contact, S.1, breaks the 80V imput to
2.3 and the contact, S.2, campletes the 80V supply to the primary of the fila-

ment transformer.
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The Te Bs :2!

290. The TR.3523 is the transmitter unit which is jntended to supersede
the TR.3555 serles. It offers the following advantages:-

(a) Much grester power than is cbtainsble fram the CV.108 and CV.208.
This power is obtained by using an American 7254 type magnetron
feeding into a pressurised waveguide section which is intended to
sustain atmospheric pressure at all operationsl heights and a0

(b) An autamatic frequency control system by meens of which the
difference between the frequency of the klystron L.Oe and the

magnetron is autamatically held at 45 Mc/8e

(c) T™e power available from the magnetron is sufficiently great to
permit pre-plumbing. That is, it is not necessary for the rader
mechanic to make 81y ReF. ocutput matching adjus tments.

(a) In the main production models, two klystron local oscillators
with independent mixers will be incorporated. 'The asecond of
these local oscillators will be suitably detuned fram the firat
for operation an 3 om. ground beacoDS. This Pacility cemot be
used without the incorporation of a new modulator which can provide
a 2 microsecond moduleting pulse for beacon itriggering in eddition
to the normal 1 microsecond pulse as used at present.

(e) Both head explifier stages will bave their soreen voltage
regulated by the gain control.

(£) An improved pulse and filsment transformer arrangament is ircor-
porated in which there is no airect conmection between the
primary of the pulse trensformer and its own seocondary and the
secondary of the filament transformer. This eliminates the
applicatian of the single—ended modulating pulse to the filement
trensformer. The pulse tramaformer is of the mutual type with
a split secondary whose two helves are in the two heater legs to
give a symetric system which is effectively centre-tspped to
earth in so far as the heater and £iloment transformer secondary
are concerned. The pulse transformer windings are in an oil-
filled conteiner. In so far as the modulating pulse is concerned,
the two halves of the split secondary ere effectively in parallel and
the sense is such as to drive the magnetron cathode down on the

usuel modulator 64 pulse.

291, Details of the circuit operation and meintenance of the new umit will
be issued when it becames available.
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Further Details on Individual Stagea

292. So far we have concentrated our attention on the development ard cantrol
of the transmitter pulse and have given rather scant attention to the operatior
of the controlling stages. We shall now exsmine more carefully the operation
of some of the stages whose function we have merely stated without golng into

a study of how the fuimction is performed.

The Transmitter Timing Valve, V305

293. We have atressed that V.505 develops & negative pip at the anode when the
sawtooth input on the grid carries the valve into conduction. To see why this
pip is developed it is neocessary to note the design of the stage which may be
regarded as a delayed-action trensitram. We note the following points about

the circuit:-

(a) The encde is returned to a D.C. potential determined by the bleeder,
R.553 (1M) and R.555 (+1M.) across the stabilised 200V lins. The
static D.C. potential is therefore sbout +18V.

(b) The screen is returned to the potential detemined by the bleeder
Re551 {«2M.) and R.552 {+1M.), again across the atabilised 200V.
line. The static D.C. potential will then be about 67V.

écg The acreen is lightly decoupled to earth by C.521 (.002§.
The screen is tied to the suppresscr threugh C.522 (.05). R.554

(2.2%.) serves as suppressor leak and half of V.509 serves to

prevent V.505 suppressor from swinging positive.

(e) &s discussed previously, Ve505 grid is returned via R.556 (68K.)
and pin 8 on the orange 12-way to a veriable potential in the
switoh unit.

{£) Re500 (+22M) and Re501 («1M.) form a bleeder across the un-
stabilised 300V. line with a potential of about 90V. at the
Junction. Re558 (3.3M.) and R.556 (68K.) form a blseder batween
this point and the potential to which R.556 is returned in the
gwitch unite ‘This bleeder will tend to raise the effective D.C.
level to which V.505 grid is tied above the potential to which
R.556 is tied in the switeh unit by 68/3368ths or about 1/50th
of the difference batween $0V. and the potential to which R.556
is retwrned. When R.556 is returned to OV. the effect will be
to return V.505 grid to about +2V. When R.556 is returned to
+60V.the effeot will be to return V.505 grid to about 60.2V.

ig} V.505 cathode is returned to earth.

h) The input to V.505 grid is a rising sawtooth of about 150vV.
emplitude which will be cemtred at the effective D.C. level

’ of Ve505 grid.

294, Let us assume for the mament that R.556 is returned to earth potential
in the awitoh unit end V.505 grid is at about +2V. The sawtooth then swings
between ~73V and +77V. With the anode at +18V. and the acreen at +67V, V.505
has & grid base of only a few volts. Hence the valve will conduct when the
grid reaches -2 to =4V. The anode potential will then drocp to nearly OV.

The screen potential will not drop instantly because of C.521 which must

charge negatively throngh the cathode-screen impedance of the valve. The drop
at the soreen is therefareexponential. This drop is impressed oan the suppressor
throngh Ce522 {(»05). As the suppressor fallas exponentielly with the screen
the anode current is quickly cut off and the anode potentiel rises at a rate
determined by the capacity of the cable from the enode cutput point (Pye blue)
to the modulator and the 1M. anode load. The anode waveform will then be a
negative pip with an exponentiel tail.

295, When the sawtooth carries the grid up to about the -2V point grid
current flows through the 1M. stopper, R.550, into C.520. The leak-away of
this grid current through R.556 will develop a negative auto-bias that will
reduce the mean D.C. level of V.505 grid. This is essentially counterected
hy the arrangement discussed in pare.293(f). The flow of grid current will,
of course, cut off the balance of the sawtooth.

296. When the scan-marker switch is in the 100/40 = 80 pasition, and when
1t 48 in the 10/10 position end the 10-mile zero is fully clockwise, V.505
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grid is returned to about +607. (assuming that autoblas due to grid cwrrent is
cancelled out). The sawtooth will then swing up from a level below +60V. by
half the sawtocoth amplitude. We have assumed this amplitude is 150V. In this
case the sawtooth would carry V.505 grid down to =15V, If the sawtooth ampli-
tude is low, V+505 grid may not reach cut~cff and consequently will never cut-
off under these operating conditions. In this case there will be no timing
pip at V.505 enode, and henoe no locking of modulator miltivibrators A check
should therefore be made when a new set is being 1lined up and on main inspecticns
that the sewtooth amplitude is sufficiently greet to prevent this fault occurring.
The check cen be made by scoping the waveform an V.505 grid with the scen-marker
switch in the 100/40 position then awitching to the 100/40 - 80 positiom. If
the sawtooth is of normal amplitude a small=sawtooth will remain on V.505 grid
in the latter position. If the sawtooth smplitude is low the waveform at V.505
grid may show merely an unstable kink or no displacement at all. Under these
conditions the modulator will probably unlock or only lock erratically. 4n
jncrease in sawtooth amplitude can be obtalned by increasing Re544 in 25K steps
until the trouble is cleared. This assumes, of course, that the fault is due
to a sawtooth amplitude well below the 150V. value with s normal valve in V.504
position. Since increesing R.54s reduces the negative feedback fram V.50L
anode to V.504 grid the gain of V.50 is jncreased and an inoreased sawtooth
amplitude therefore obtained.

The Modulator Maltivibrator, V.5, Veé

297. We have pointed out previously that:-

(a) This stage is a free-ruming multivibrator which is set for a
free=rumning psr.f+ of about 600 o/s.

(b) The output at V.6 anode is a rectengular wave with a nagative
phase of 20 microseconds.

(¢) When the transmitter-timing pip is applied to V.5 grid the
miltivibrator is synchromised to run at the master multivibrator

peref. of about 670 ofs.
(d) The height and range marker cirouits are triggered on %he back

edge of the 20 mioroseconds priming pulse developed Ly this
stage.
We shall now examine this stage in mare detail to discover the principles
exployed.
298. The following circuit details are worth noting:-

b} Grid leak of Ve6 is R.23 + Re22 (3.9 Megs. each) returned

to o varieble positive potentisl (For use in Bomber Command
Re33 is shorted oaut by means of the link nhovme.
Cathode load of V.6 is R.26 E110 o]:msg + Re27 (160 ohms).

Cathode load of V.5 is R.27 (160 chms
Grid leak of V.5 is R.20 (100K) retwrned to V& cathode,
V.5 grid can only rise as fast as C.6 can charge positively

by having electrons leak away through R.20.

Ea; V.5 anode coupled to V.6 grid via C.8.

e

299. The valves used in this stage are a VR.91 (Ve5) and VT.60h (V.6). The
VR.91 is a high slope R.F. pentode. The VT.604 is a power tetrode. It is
capable of passing 50-60 ma. steady current and has a long grid base of =60V.
When switched on the heavy current passed by V.6 will carry V.5 cathods uwp to
about +30V. and V.5 cathods up to about +50V. V.5 grid tries to follow V.6
cathode up but would take a time determined by the CsR. of C.6, R.20, to reach
V.6 cathode potential while V.5 cathode rises instantly. Since this Ce.R.

is 300 x «1 or 30 microseconds V.5 is therefore cut off until the grid can
ocome within the grid base of +30V. This time is about 20 microseconds hence
we have Vo6 coming on and V.5 cutting off for 20 microseconds. V.5 anocde
rises towards HeT. but the 20 microsecands interval is not long enough to let
suffiolent electrons fram C.8 leak away throagh Re21 to bring V.5 anode up
more than part of the way. At the end of the 20 microseconds interval Ve5
grid crosses cat-off and anode current flows. V.6 then passes less current
ao the flow through Re26 + R.27 diminishes. This decrease drops V.5 cathode
potential instantly. There is also a tendency for Ve5 grid potential to fall
but C.6, Re20 prevent any instantaneous response. The drop at V.5 cathode
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is actually sufficient to canse V.5 to pass grid current which flows into C.6
and the leak eway develops a voltage across R.20 that helps carry V.5 grid
downe This flow of grid current canses V.5 ancde to drop t¢ a low level from
which it rises to & steady level in accordance with the ocurrent passed by V.5
after grid current hes ceased to flow. As the fall at V.5 anode carries V.6
grid below cut-off, V.6 anode swings up. The effective anode load of V.5 is
partly resistive and partly inductiwve. The resistive component is the resis-
tance reflected into the primary circuit by R.29 (3+9K.) on the secendary side
of Tels  The inductive component is due to the faot that sane of the primary
flux does not threed the secordary of Tel. As a result of this inductive
cawponent, the potentisl at V.6 anode overshoots the HeT. -voltage and then
decays to the HsT. level because of the heavy demping introduced by R.29.

300« How long Ve6 remains cut off depends on the time tsken for the grid
potential to rise to cut-off. This, in turn, is detomined by the setting of
the p.r.f. contral, R.24. 'This control, as was mentioned earlier, is a ratchet
control loceted at the back of the modulator chassis. For a normal modulator
with R.33 shorted out and the p.r.f. control within ¥ 3 notches of the red dot,
the time of rise of V.6 grid will be so slow as to give a p.r.f. of about 600 ¢/a.
When V.6 grid crosses cut—-off the rush of current through R.27 agein carries

V.5 cathode up end cuts V.5 off on the grid for 20 microseconds while V.5 grid
climbs exponentially to cut off. The cut=off period of V.5 and conducting
period of V.6 is always 20 microseconds regardless of the setting of the per.f.
control which determines only how far apart these 20 microsecond periods ocour.

3M1. The negative-going 20 microsecond pulse fram V.6 anode ia the modulator
priming pulse which is used to develop the trigger pulse for firing the trans-
mitter. A positive-~going 20 microsecond pulse is taken from V.6 cathode through
the 100 ohm matching resistor to 4 parallel Pye plugs coded violet on the modu-
lator panel. An output fram one of these Pye plugs triggers the height and
range marker circuits in the receiver-timing unit. An output from another
provides triggering for the Lucero transmitter when Lucero iz included in the
installation. A third output provides suppression for I.F.F. The fourth
output is used in airecraft fitted with Fishpond to trigger the Fishpo:d marker
circult. An output from one of these Pye plugs 1s used on the work bench or
in the aircraft to trigger the monitor 28 when a triggered timebase is reguired.

302. Synchronisation of the modulator has been dealt with previously. For the
aske of completeness we recall that the tranamitter timing pip fram V.505 anode
is epplied to V.5 grid vie the blue Fye cable. The arrivel of this pip in the
V.5 conducting period will drive V.5 grid down and the anode up. The rise at
V.5 snods carries V.6 grid above cut-off and brings V.6 into conduction earlier
t0o obtain a synchronised p.r.f. equal to that of the master miltivibrator.

The Trigger Valve, V.7

303, In tracing the development of the modulating waveform it was atated that
V.7 was switched on and off by the modulator priming pulse and that the positive
ring appearing at the anode on the back edge of the priming pulse was used to
trigger the spark—-gap, V.3. To study this stage in more detail it is neocessary

to note the following pointai-

(a) The grid is returned through R.29 to a decoupled negative
potentiel of =100V, from a metal rectifier in the modulator.

'b; The cathode is returned to earth.

£c The ancde load is a 4 mh. choke tuned by its self-capacity
to about 400 Xo/s.

{d) The screen is fed through a tuned circuit L3,C11 demped by
Re31 (242K.)s The resonant frequency of L3,C11 is about
25Ko/s. giving a half-period of about 20 microsecads.

(e) V.7 is & CV.73 beam tetrode, capable of passing a heavy

current.
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30k The =100V. bias on V.7 grid will hold the valve cut off during the
interval between the 20 microsecond positive pulses on the grid. On the
leading edge of the priming pulse, V.7 grid is carried up to around +40V. so

& very heavy current is passeds If only R.31 were in the screen supply the
screen would fall to o steady level._ Due to the pPreaence of the ringing circuit
in the screen the screen voltage will show a 25 Ko/s damped. ringe The initial
swing will be negative due to the flow of screen current. As the period is
about 40 microsecands the first half cycle will be campleted by the time the
Priming pulse terminates. As the screen is back to the H.T. level the valve
will then be passing a very heavy anode current of about 500 ma. There will
then be considerable energy stored in the magnetic field of the inductance L& at
the instant that anode current is cut off when the grid is carried down on the
back edge of the 20 mlcroseccnd priming pulse. Hence, 85 the ancde current is
cut off the collapaing field develops a terrific overswing at V.7 anode. If
undamped, this ring would have an amplitude of about 10KV. cm its first upward
swing. As the resonant frequency of the choke is sbout 400 Ko/s the first half
c¢ycle would take 1.25 microseconds. In practice this positive swing causes the
trigger gap of V.3 to breek down when the amplitude reaches a value of araind
JKV. The current flow to the trigger electrode then demps the ring so that
there is no further increase in amplitude. The heavy current passed by the
valve when it runa into grid current on the leading edge of the priming pulse
sexves to provide sufficient damping to eliminate any consequent anode ringing.

The Spark Gap Switch, V.3

305+ Ve3 is filled with argon +3% oxygen at a pressure of 3 atmospheres or
about 45 pounds per square inch. To minimise denger from flying glass in case
of explosion of the envelope the glaas envelope is enclosed in & shellacked net
arrangement. The main gap consists of two saucer shaped molybdemm electrodes.
The lower one has a hole drilled through it to permit the insertian of the
tungsten trigger electrode with only a small clearance. This small clearance
provides the trigger gap which ionises when the trigger is carried positive by
the ring at V.7 anode on the back edge of the modulator priming pulse, The
ring electrode is held at D.C. earth potentiel through the monitor chain R.10,
R.11, Re12 and the parallel path through the uniplug pulse cable to the trans-
mitter unit and the pulse transformer primary. When the potential difference
across the trigger gap reaches about 3KV. the trigger gap breaks down to give
free electrons that will flow to the pasitive trigger-electrode end positive
ions that will flow to the negative electrode of the main gep. If a suffiocient-
1y high voltage exizts across the wide main gep these positive ions will travel
with a sufficiently great velocity to knock electrons off the neutral malecules
in the main gap. Thease molecules will be under conaiderable electriocal strain
due to the voltage impressed ecross the main gap by the charged modulating line.
This strain is not sufficiently great to cause breakdown by itself but collision
of high speed positive ions with the strained molecules will cause breakdomn ard
produce more poeitive ions to collide with more strained neutral molecules.
There is thus a progressive ionisation once the trigger gap flashes over. It
is the lag due to this progressive ionisatian together with the finite time of
rise of the trigger pulse that csuses the tranamitter pulse to occur slightly
after the back edge of the modulator priming pulse.

306. After the artificial line has campleted its discharge through the spark
gap the valtage across the main gap is zero and the positive ions tend to
gravitate to the trigger which will exhibit a negative charge due to the
electrons that flowed into C.13 when the trigger gap flashed over. The posi-
tive ions are then neutralised at the trigger to again become neutral molecules

and the gap returns to its non-conducting state.

307. A small percentage of oxygen is included in the f£illing to start the
flash=over as oxygen is much more readily ionised than argon. When the oxygen
is largely used up in the formation of axides of tungsten and molybdenmum éuring
the flash-over intervals the gap will becane erratic end wunservicesable.

The Modulating Line and Charging Choke

308. We may regard the inductance of the charging choke and the élements of
the artificial line as cambining to form & resonant circuit that tends to ring
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when the =4KV. supply is connected in series with it. The meen level of the
ring will be the =4KV. level. The crests will be OV. and the troughs -BKV.

We may imagine scme such sequence as follows. Suppose the line has just
canpleted its discherge through the spark gap and the condensers ere campletely
dischargeds The spark gep de-ionises snd the =4KV. aupply is cammected in
series with the 6l henry choke, the discharged line, and the resistor R.8 {in
parallel with the sclenoid of the overload relsy)s The charging current will
be approximately sinuscidal. When the condensers are charged to =4KV. we
might expect the flow of electrons into the condensers tc cease. Put as the
rising back e.m.f. developed by the cherging condensers tends to reduce the
current flowing through the choke, the collapsing mesgnetic field keeps the
electron flow going in the same direction in accordance with Lenz's Law.

Putting it differently, the energy stored in the magnetic field of the choke

is used up to camplete the storage of energy in the condensers of the line.

When the chdke has lost all its energy, i.e., the magnetic field has ccllapsed
canpletely and the charging current is zero, the condensers are charged to —-8KV.
There is then 8KV. across the main gap of V.3, but no current flowing. When
the trigger gap is now fired and the main gap breaks down as a result of the
collision between ions farmed in the trigger gap and strained neutral molecules
in the man gap, the resistance of the gap drops to a few olms. We now have

the line with its stored emergy comnected in series with the low gep resistance,
the pulse cable, the resistance reflected intc the pulse transformer primary

by the magnetran, and the 1.1 monitar resistor. We shall aasume the artificial
line has a characteriatic impedance of about 80 clms, the gap has a resistanoce
of about 5 ohms, and that the resistance reflected into the pulse transfommer
primery is sbout 74 olms. We may then regard the 80 cim line as matched to a
totel load of sbout 80 olms if we count in the momitor resistor. We may

regard this arrangement as a battery charged to -8KV. with an internal resistance
of 80 ohms comected to an 80 obm load. The current will then be 3% = 50 amps.

The drop across the line will be 80 x 50 = 4KV. and the drop’ across the pulse
tranaformer primery will be 50 x 74 = 3+7KV. Since the secondary of the trans=-
former is the full winding and the fixed end is at earth potential, the tapping

point goes to ~3.7KV. and the output end gives the stepped up voltage of about
=14KY for the magnetron cathode. The camponents in the line are so chosen that
the energy stored is discharged in a 1 microsecond burst if the line is metched
to its load. The current discharged should build up to its 50 amp. wvalue in
about Os1 microseconds. The inductances in the line serve to melntain the
current reasonably constant during the discharge period. The decay of the
current involvee a collepse of the magnetic field arcund the pulse transformer
winding which will be in the form of the first quarter cycle of a ring whose
frequency is fixed by the inductance and self~capacitance of the pulse trans=-
former, This decay will take a little longer than the build-up. As the
pulse duration is detemmined by the amount of energy stored in the line, it
depends on the value of the line components and the number of sections.

309, Suppose that the load were 720 olms instead of 80 oims. The current
would then be 8000 or 10 amps. instead of 50 amps. The drop across the line

would be only 80 x 10 or 800 volts and the drop across the load woald be

10 x 720 or 7,200 volts. The voltage across the pulse transformer secondary
would then be so high that arcing would probably ocour in the transmitter unit,
to put an effective short across the pulse transformer secondery. In the

Mark ITIA HeF» box the CV.189 arcs over and the thermal relay operates as
discussed in paras. 285-286. The resultant reflections on the pulse cable will
tend to keep the spark gap ionised so long that the current flowing through the
gep, the cholre and R.B and the overloed relay solenoid will build up to a mean
value that causes the overload reley to trip. Thia then operates the safety
valve Va4 to break the irmput to the =4KV. pack and the H.T. to Ve7+ Details
are given in paras. 256-257. The same effect will be produced by any other
fault that puts a short across the pulse transformer output. In generel any
pault that permits the current flowing through the gap from the =LKV. supply
to uild up due to pralonged jionisation will cause the overloed relay to trip.
It will also trip if the per.f. is raised to such a high value that the mean
carrent through the sdlenoid of the overload relay becomes sufficiently great

to energise it.
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Dunmyy Loads

310. Since overload relay tripping or failure to switch on can be caused by

a rmmber of faults in either the modulator or tranamitter units same form of
systematic elimination procedure ia called for. For this purpose a dumy load
is provided to replace the transmitter unit and provide an approximate match

to the artificial 1lins in the modulator when it is camected acroas the pulse
oatput plug. This is the 80 ohm dummy loed resistance unit type 228. If the
trouble persists the fault may loglcally be axpected to be in the modulator.

If the fault disappears either the pulse cable or the transmitter uni{ must be
et fanlt. The pulse cable can bs checked by placing the dummy load across the
output exd of the cable. If the feult is localised to the tranamitter unit,
the pulse tranafommer, magnetron filement transformer, magnetron and overswing
diode circuits fall under suspicion, so scae form of elimination procedure is
called for. A 1¢5K. dumy load, resistsnce unit type 230, ias provided for this
purpose. This dumy load is intended as an epproximate equivelent for the
magnetron so is placed across the secondary of the pulse transformer. If the
fault disappears the magnetron was faulty. If the fault contimmes, the pulse
and filament transformers are the main suapects. Disconnecting the filament
transformer makes it possible to tell whether the pulse transformer is faulty.
If not, the filament transformer is the logical suspect. If the pulse trans—
former is faulity it must be replaced. IFf the fault is still cleared when the
filement transformer is reconnected the filament transformer is all right. I
not, replacement must be made. In the Mark IITA HeF. box the two trensformers
are in one unit so replacement is neoessary as soon as the fault contimes after
the dwmy load is used to replace the magnetron. A fuller cutline of trouble-
shooting on insulation breakdown faults is given in Chapter 12, paras.i085-1088.
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CHAPTER 6 « THE RECEIVER CHAIN

General Considerations

1. Before commencing a study of the H.2.5. receiver chain it may be pro-
fitsble to recall same relevant facts that must have a beering on its design
and on the way the stages are distributed in the installation.

(2) It is a au. receiver. In the Mark IIIA installation signala
are received on a wavelength of about 3.2 cms. end in the Mark IIC
installation the wavelength is about 9.1 oms. Re ¥ amplification
is impossible at these frequencies so the firat stage must be a
frequenqy changing atage.

(b) As received signals will be weak signal to nolse ratio becomes
a major consideration and the frequency changing stage mst be
designed with a view to obtaining the beast posaible signal to
noise ratio. This consideration has required the use of a
crystal mixer. .

(c) Since dielectric losses in feeders reach very high values at
3,2 oms. the Mark IIJA ReF. system must use waveguldes. The
crystal mizer is therefore mounted in a wavegulide. In the
Mark IIC installation the erystal mixer is mounted in a section
of coaxial line. In both cases the shielding thus provided
prevents the superimposition of large quentities of external
noise on the noise generated by the crystal itself.

(4) Since the first stage is a frequency changer the local
osaillator must be capable of generating a CeW. output in the
same wavelength band as the magnetron tranamitting valve wave-
length. This calls for a local oscillator of the resonant
cavity type.

(e) To achieve the maximum simplicity in I.F. emplifier design
it is necessary to use preaet I.F. tuning. As the magnetron
frequency is certain to vary and cannot readily be controlled
the local oscillator must be tunable. The requirement of a
local oscillator which is capable of gererating a C.W. output
in the appropriate om. bard end which can also be easily tuned
makes it preferable to use a resanant cavity oscillator of the
reflector klystron type.

(£) Since the He2.S. operator must be sble to tune the local
oscillator fran his position on the aircraf't the tuning cantrol
must be at his table. This meens that either the oscillator
jtself must be there or some form of remote tuning is necessary.
Tn the Mark IIC installation the local oscillator is in a tuning
unit at the He2.S. operator's table. In the Mark IITA instal-
lation using the TR. 3555 series transmitter unit the local
osclllator is incorporated in the tranamitter unit and a remote
tuning control is provided et the H.Z.S. operator's table.

(g) To minmise R.F. losses in both tranamitter output apd in
returned signals it is necessary to keep the R.F. paths as short
as poasible. The transmitter unit is therefore mounted as near
to the scarmmer as possible and the crystal mixer is located in
the trensmitter untt. This means that the L.0. signal must
elther be generated in the transmitter unit or brought to the
transmittexr unit. In the 3 cm. band feeder loaaes make it
imperative to put the local cecillatar in the tranamitter unit.
Henoe we have the remote control tuning unit at the He245.
operator's table. In the Mark IIC instaellation the power
obtainable fram the local oscillator ia ample to allow for
feeder losses and the klystron is therefore located in a tuning
unit at the H.2.S. operator's table.

(h) Since the receiver is & pulse recelver it must have a band-
width sufficiently wide to pess the pulses without undue
distortion. Tae bandwidih of the I.F. amplifier is therefore
about 4 Mc/S. in He2+S. Mark IIIA. In He2.5. Merk IIG, the

bandwidth is about 6 Mc/=.



(1)
(3)

(k)

(1)

(m)

(n)
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The I.F. chosen is 13.5 Mc/s. in He2.5. Mark IIC and 45

MO/B- in HeZ2.8. Mark IITA.

Since it is not feasible to incorporate the I.F. amplifier

in the trensmitter unit it would appear to be necsssary to
trensfer the weak I.F. mixer output via csble fram the trana-
mitter unmit to another wnit housing the I.F. amplifier. Any
addi ticnal nolse picked up en route would then receive the

full amplification of the I.F. amplifier. Since the mixer
output signals have had no amplification whatever any

appreciable addition of noise before amplification occurred
would mericusly impeir the signal to noise ratio. Iu an
attempt to overcome this problem a measure of I.Fe amplifi-
cation is introduced in the transmitter unit. In the Mark IIC
transmitter unit only one atage is used while the Mark ITTA
transmitter unit two stages are emplgyed. This section of the
receiver is termed the heed amplifier.

The I.F. amplifier proper is housed in the receiver—timing unit
for convenience in mixing signale and markers. Variable gain

is required. The gain control must, of course, be located at
the H.2.5. operator's table.

Since He2eSe is a camon T. and R. system a TR switch must be
incorporated to seal off the receiver branch line in the
transmitter unit as much as possible far the duration of the
transmitter pulae. The valves used for this purpose are celled
soft rmmbatrons. They are resopant cavities filled with water
vapour at a low pressure. They flash over when the reacnant
cavity goes into violent oscillation during the tranmmitter pulse
period.

Although the sof't rimmbatron TR switch flashes over on the leading
edge of the transmitter pulse it does not canpletely isolate the
receiver during the tranamitter pulse period. Sufficlent R.F.
energy will reach the crystal and then pass into the I.F.
amplifier to cause overloading of the I.F. amplifier if it remains
in a fully sensitive condition while the transmitter is pulsinge.
To overcame this problem the sensitivity must be reduced during
the pulse period. This is accomplished by applying & suppression
pulse o some of the stages in the I.F. emplifier which reduces the
sensitivity of these stages very nearly to zero.

Since a cammon T. and R. system is employed suitable provisions
must be made to prevent signels travelling down the transmitter
and reflecting back in such a phase as to interfere with the
signals passing directly into the receiver branch line.

312, Suming up, we may now visualise the H.2.8. receiver as consisting of
the following primary sub-divisiona:~

(a)
(v)

(s

Input matching devices to avoid interference from received signals
travelling down the transmitter line and reflecting.

TR. switch of the soft riumbatron type to isolate the receiver as
mich as possible during the transmitter pulse period.

A suitable crystal mixer stege.

A reflector klystron local oscillator with suitable tuning
arrangements at the H.2.5. operator's table. Auntomatic
adjustment of the klystron frequency to follow the changes in
magnetron frequency would be desirable.

A head smplifier in the transmitter unit.

An I.P. strip with second detector and a suitable output stage.
Variable gain facilities will be incorporated. ™e control
jtself must be remote in order to permit its location at the
He2.3. operator's table.

A suppression generator synchronised with the tranasmitter to
prevent the transmitter break-through that gets past the soft
rhunbatron TR. switch from overleading the I.F. amplifier

and preventing its response to short range signals.
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The Mark IIC Receiver

3. The main details of the Mark IIC Receiver are shown in fig. 72.

Input Metching

3 It bas been pointed out in Chapter 5 that the matching slug in the Mark IIC
tranamitter unit is required to perform two Punctions simul taneously. The firat
of these functions is to arrange that the coaxial high power feeder is matched

to the magnetron. If a thermo=couple is used to measure the R.F. cutpat the
matching slug cen be set to a position which gives the maximm R.F. cutput
indication. The second candition the matching slug should fulfil at the same time
is the transfomation of the cold impedance of the magnetron to show a very high
value in the diraction of the magnetron at the junction of the receiver branch
line with the main one. What we reslly mean by saying that the megnetron cald
impedance is transformed to a high value is that the phase of the wave refleoted
by the reactive loed presented by the cold magnetron is so modified by the slug
that 1t contimies down the branch line in phase with the incoming wave. The
effect is then the same as if no energy were penetrating pest the receiver branch
line. Now the matching slug may not fulfil both conditioms Perfectly with the
same setting. The usuel procedure in Bamber Command hes been to monitor the
receiver output and edjust the matching slug for the meximum aignal amplitude.
This adjustment assumes that if the adjustment gives the maximm aignal amplitude
for returns fran one particular echo it will do so for all other echoes. While
this essumption may be true in the majority of cases it is not necessarily slways
true. The frequency of the magnetron is dependent to some extent on the matching
slug setting. The interference pattern produced by waves travelling directly

to the target and back and waves reflecting off the ground to the target and

back, may result in reinforcement and abnomelly strong sigmels at ome partiouler
frequency for aame particular echo. If the set is taken into the air and these
interference effects no longer appear poor signals may be cbtained.

315  The method of setting the matching slug for maximum signals is also open
to the danger that the slug setting so obtained is sometimes such as to leave

the magnetron very susceptible to moding or frequency pulling with the. resultant
development of gapping or unstable signals. The radar mechanic is therefore
warned that, while setting the matching slug for maximum signsls on a particuler
permanent echo will give a satisfactory performsnce in the majority of cases,
there may be exceptions. The only slternative method available at presemt is to
find a position of the matching slug where the power output as noted on a thermo-
couple meter is not reduced by more then 10 = 203 fram the normal figure given
by good sets, and where a variation of + or - % inch in the elug position does
not result in a frequency shift of more than 4 Mc/s. This freguengy shift may
be measured with an echo box wavemeter by adjusting the echo box for maximum
signal on the height tube trace for the selected alug position and each of the
displaced positions. The frequency change in the magnetron will be the change
read on the calibrated scale of the wavemeter, if the local oscillator tuning is
not wvaried. A simpler teat is cbservation of the change in the amplitude of
permanent echo signala. If the L.O. is not returned and the amplitude does not
drop by more than 50% as the slug is moved + or = ¥ inch, the frequency shift

is less than 4 Mo/s.

The Soft Rlumbatron TR. switch, CV.L3

316. The comstruction of this velve and its electrical equivalent are shown

in fig. 73(a) and (b)s When the transmitter pulses, an electramsgnetic wave
travels along the output line, part going tc the scamer and pert trevelling
down the branch line. When this weve reeches the coupling loop that extends
into the CV.43 rescnant cavity, the cavity oscillates viclently and develops

2 high voltage across the lips. This R.F. voltage causes the water vapour to
ionise and develop a conducting patch across the lipss The position of the
CVelt3 in the branch line is so chosen that the short appears an odd mamber of
quarter wavelengths fram the branch line junction. The effect is then to pro=-
duce a shorted quarter wave stube In such a shorted cocaxial stub a phase
change of 180° occurs on refleotion. The reflected wave, after travelling down
and back, i.e., an odd mmber of half wavelengths, will be back in phase with the
wave going down the main line when it reaches the Jjunction. This follows since
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it has made & detour of an odd number of half wevelengths plus a phase change

of 180° (equivalent to e half wavelength), the sum of which is equivalent to

& detour of an integral mmber of wavelengths. The effect is then the same

as if no detour had been made so we say the stub offers a high impedance at

the junction with the main line and the effect, in so far as ReF. output is con=-
cemed, is essentielly the same as if there were no branch line. This state-
ment is not quite correct as the (V.3 does not present a perfect short and

some energy does pass through it to the crystal mixers. It is this leakage

or transpitter break-through that makes it necessary to have a suppression
circuit to suppress the I.F. amplifier while the tranamitter pulses.

317. We may think of this leakage or break-through in the following wey.
When flash-over occurs 8 low reaistance is effectively placed across the
resonant cavitye This has the same effect of damping the oscillation in the
cavity as a low resistance across an ordinary tuned circuit. Since it is not
quite a dead short the ocscillation is not, however, canpletely damped out.
Hence the output loop has same voltage induced o it which is fed to the mixer

cavity.

348. When the transmitter pulse ends the voltage om the input loop into the
CV.}3 dies out and there is no further excitation of the cavity. The oscilla-
tions are then soon damped out. The positive and negative lons now recombine
to form neutral molecules and the short ecrcss the lips is removed and cur atub
becones an open instead of a shortecircuited stub. Such a atub offers a low
impedance at the junction with the main line. If the matching slug. hes been
adjusted to make the cold magnetron offer a high impedance the bulk of the
inconing signal ensrgy flows down the branch line. When a signal wave reaches
the input loop the resonant cavity is again excited but the R.F. voltage
developed scross the lips is not sufficiently great to cause the water vapour
to ionise. Hence, there is no shorted stub to cawse reflection and no heavy
demping of the rescnant cavity. The cavity therefore contimes to oscillate
while signals came in. The oscillating field induces a voltage on the output
loop so. the energy is fed into the mixer chamber. While signals are coming
in we may regard the resonant cavity as a 11 transformer or a half wavelength
of transmission line.

The CV.43 Probe

319. To protect the crystal it is essential that the CV.4> flash over on

the early cycles of the transmitter pulse before it reaches its full amplitude.
To speed up the flash-over a trigger probe is introduced. This probe is con-
neoted to a potentisl of around =700V., obtained hy tapping in at the junction
of R.100 (430K.) and R.101 (1M.) placed across the -1000V. line caning in fram
the power unit on pin 11 of the 12-way. The CValL3 cavity is at earth potential.
Hence, there is s steady potential difference of about 700V. between the end

of the trigger probe and the earthed cavity. This voltage is sufficient to
keep a small amount of ionisation in this gap, independent of whether or not

the transmitter is operating. Thia contimael ionisation can be observed by
connecting an AVO between the probe and the lead to the -700V. tapping point.
The positive terminal of the AVO must, of course, be connected to the probe

and the negative one to the lead. There will be a ateady ionising ourrent
depending on the design of the CV.l43. Cross=section and ionising currents are
shown in fig.73(d)s The different types can be recognised by removing the
tuning plunger which comes out through the transmitter unit panel and looking at
the design of the lips. When the cavity is thromn into violent oscillation by
the arrival of the leading edge of the transmitter pulse, the positive ions in
the gap surge across the lips as the far side swings to a high negative wvalue.
Their collisions with the neutral molecules between the lips will comse thease
to break down at a lower voltage aoross the lips than would be the case if the
ions were not present. Hence, flash—over occuis earlier than it would if no
probe were employed. Consequently less R.F. energy hits the crystal. The
incorporation of the probe is thus a means of speeding wp ionisatiom in order to

give added protection to the crystal.

320, The presence of the probe assists rapid de-icnisation as well as rapid
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ionisation. When the transmitter pulse ends the positive ion= in the gap will

be attracted to the negative probe where they can speedily become neutralised

to form neutral molecules. If no probe were used ionisation could only ccour

by collision between positive ions and electrons detached when flash-over occurred,
or by contact betwsen positive ions and the earthed cavity well. The completion
of the probe supply and the presence of the correct probe voliage are therefore
neceasary if the CV.43 is to afford the maximum protection to the crystel and is
to show speedy de-lonisation.

CV. 45 Tuni

J21. In order that the oscillations developed in the CV.43 cavity may have the
-maximum amplitude when signals are being recelved the cavity mist be resonant at
the magnetron freguency. Shaild the rescnant frequency be different the oscilla-
tions will be of the same nature as the oscillations developed in a ringing cir-
ouit by shock excitation. Their frequency will be the natural fregquengy of the
cavity. Since the input will be at a different frequency it will not terd to
build up the smplitude so the ocutput will be low., Hence it is necessary to tune
the CVeld cavity to the magnetron freguency to get the maximum signal amplitude
into the orystal and hence out of the receiver. This tuning is done by varying
the volume of the cavity. To raise frequency, the volume must be decreased.

To decrease frequenay the volume must be increased. These changes in frequency
are made by means of a tuning plunger which projects through the panel of the
tranamitter units There are also two fixed plungers which must be preset to
give a bandspreed on the tuning plunger that suitably covers the normal range

of magnetron frequencies. These plungers should be so set that aignal amplitude
can be dropped to 50% of maximun by not more then two turns of the tuning plunger

in either directiom.

CV. Overcoupl

322. It mey be found when lining up a transmitter unit that the CV.43 tunes
very flatly and that the sensitivity of the set is poor. If this is the case
the tuning plunger should be completely removed and the cavity viewed through
the aperture thus provided. It is very likely that a diffused purple glow will
£ill the whole centre of the cavity. Such an indication points to overcoupling
of the transmitter pulse into the cavity by having the input loop projecting too
far into the cavity. The effect is to set up such violent oscillation when the
tranamitter pulses that ionisation is not restricted to the region between the
lips but extends thraughout much of the cavity. This wideapread ionisation
results in such a long de-ionisation period that the cavity is damped consider-
ably for a long time af'ter the transmitter pulse ends. This prolconged damping
results, of courae, in feeble oscillation when signals are received and hence
low input to the mixer and therefore low signsl output. The only cure is to
reduce coupling until the normel jonisation across the lips only is obtained.

325, To make this adjustment it is necessary to loosen the grub=screw in the
main output line which holds the inner of the branch line, the pinchw~collar, and
the lomirled locking ring holding the branch line at the CV.43%. The branch line
can then be worked away slightly fran the CV.43 and towards the main line thus
withdrawing the coupling loop. Displacements of the order of 1/32" to 1/16
are normpally sufficient. Obviously, care must be taken not to remove the
coupling loop too far or undercoupling will result and the signal amplitude will
again suffer. The loop should be withdrawn until the ionisation glow appears
across the lips only and the plunger then replaced and a check made on sharpness
of tuning ani signal emplitude. Checlkts should then be made to see whether the
signal amplitude can be improved by further slight increases or decreases in
coupling. Vhen the optimwm position has thus been found a washer of the approp-
riate thicineas will have to be fitted between the bush which screws into the
cavity and the cavity proper. Otherwise the kmurled locking ring will pull the
loop back into itas originsl positiom when the reessembling is done. Care must
then be teken to tighten the grub-acrew, pinch-collar and kmrled locking ring

to prevent eny further displacement due to vibratiom.
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V.43 Peults

324, Should crystals be contirually burning out, it may logically be expected
that the CV.43 is not functioning. This can be checked by looking for the
jonisation across the lips. If this is sbsent and the normal voltage is on the
probe the CV..43 must be replaced. The vacuom has probably been lost due to a
cracked glass or broken copper-glass seals.

325, Should crystal life be shart it is reasonable to suspect too much trans-
mitter break-through is reaching the crystal because the flash-over is not
sufficiently rapid. This may be due to a poorly shaped magnetron pulse which
rises too slowly or to e faulty CV.43. The only evailable CV.43 check is on the
iorising current. Should this value fall below 75% of the wvelues quoted in
£ig.73(d) a check should be mede that the correct valtage is in the probe. If
this is present, the CV.43 should then be replaced.

326, If recurrence of the trouble is experienced alang with low sensitivity
generslly it is probable that the magnet is below the required value of 1250
gauss, measured with the magnet on the chassis end the cover on. This measure-
ment should be mede with a flux-meter using e cover with a suitable hole cut in
the side to permit insertiom of the search coil. Further details are given in
Chapter 11, para.842. A faulty magnetron might also be responsible for a
poorly shaped pulse. A further rather remote possibility is that the modulator
is supplying a poor modulating pulse. This can be chscked by rumning the
modulator into the 80 chm dummy load and noting the pulse ahape at the voltage
monitor point. A check on the magnetron can be made by noting the pulse shape
at the same point when the magnetron is used and when it is replaced by the

1500 olm dumy load.

CV.43 Beater Jacket

3127. The OV.43 is provided with a 24V heater Jacket to keap the cavity tempera-
ture constant to prevent changes in gas pressure with falling temperesture and
consequent delayed ionisation. Care must be taken in assembling this Jacket to
join the + and = 24V supply leads by one of the bolts holding the two sectians
toge ther. If the circuit is not tms canpleted the heater Jjacket is incperative.

The Crystal Mixer Stage

a) The structure of the crystal itself is shown in fig.7i(a).

b) Mechanical detalls of the mixer line are shown in fig.74(d).

¢) The major deteils of the circuit arrangements are shown in fig.72.
i) The electricel equivalent is shown in fig.74(o).

eg The theoretical waveforms are shown in fig.75.

£) The woltage - current characteristic is shown in rig.74(b).

328.

The Crystel

329. The rectifying crystals used cammonly as cm. mixers amploy a tungsten
whisker embedded in o silicon orystal. Structural details are shom in fig.Ti{a).
When & DeC. voliage is comected with the positive side to the silicon end the
negative to the tungsten whisker electrons will flow fram the whisker to the
orystal and the contact will present & resistance of the order 120=200 olms»
When the supply is reversed the current flow is greatly reduced and the apparent
resistance is of the order of 1000 to 10,000 ohms. Hence if an A.C. voltage is
applied the current passed an the half-aycles that carry the silicon positive
will be much greater than the current passed on the half-cycles that carry the
silicon negative. The crystal will therefore operate as a rectifier since the
current passed is predaminantly in one direction. _

The Mi::hgg;cirwit

330. The crystal is inserted in a section of coaxial line shorted at ome end
as shown in fig.74(d). The crystal and the smoothing ocndsnser formed by the
trolitul washer between the two metal flanges linked to the imer and outer are
effectively in series between the inper ard outer of the coaxial line. The
length of the coaxial line is chosen to make it a rescnent cavity at the mean
frequency to be expected from magnetrons. The R.F. signals are qoupled into
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this cavity from the CV.43 ~avity by connecting the inner of the CVe4) output
line directly into the immer of the mixer line. Hence, when an echo is being
received the R.F. voltage passed to the mixer line excites the cavity. The

C.W. output fram the kKlyatron local oscillator is also coupled into the mixer
cavity by means of a capacity attenuators The 75 om terminating resistor in
the probe which terminates the local oscillator fesder is connscted to a thick
piece of wire which fits into a little trolitul disc. When the probe is preased
in ell the way this trolitul disc rests against the inner of the mixer cavity.
The maximum voltage is then transferred fram the feeder to the cavity if the
only attenuation is that due to the voltage drop across the capacity between the
two inners. If the probe is pulled out an alr gsp appears and the dielectric
of the input condenser consists of the trolitul and the air gap. This imput
condenser will now have a lower capacity and a higher impedance. Hence the

CeW. input applied to the mixer cavity is reduced, l.e. attemuated. The setting
of this probe can tims be used to regulate the C.W. imput applied to the mixer
cavity. When the locel oscillator is correctly tuned the frequency of the C.W.
input to the mixer will differ fram the R.F. input by the L.F. of 13.5 Mc/s.

As the R.F. is of the order of 3300 Mc/s, the two signals will differ in fre=-
quency by O.4%  This difference is so small that the mixer cavity will reacmate
both. The two signals therefore beat whenever an echo is received and the R.F.
voltage applied to the crystel and its series condenser has a frequency equal

to the mean of the beating frequencies and an amplitude varying at their differ-
ence frequency, i.e., at the I.F. In a single microsecond echo pulse there
will be about 3300 cycles of R.F. as the frequency is about 3300 Mc/s. or 3300
gycles per microsecond. Since the I.F. is 13.5 Mo/ or 13.5 gycles per mioro-
second the modulation envelope of the pulse will show 13.5 gycles. The crystal
only pesses appreciable electrons fram the whiaker to the silicon. Henoe the
condenser must charge positively. Its function is to smooth the R.F. and
impress on the Pye output cable the resultant I.F. envelope.

The Crystal Current

33, The waveform impressed on the Pye output cable will include both a D.C.
component and a 1345 Mc/s A«C. canponent. The D.C. camponent is the mean
voltage developed across the condenser by smoothing the rectified CeW. input in
the intervals between echo signals. Since the C.W- is caning in all ths time
but echoes only for 1 microsecond in every 1500 microseconds, the contribution
of signals to the DeC. level is negligible. Hence, the D.C. camponent is a
means of checking the amplitude of the CeW. imput to the mixer since the mag-
nitude of the amoothed D.C. voltage developed is determined by the amplitude

of the CeW. signal applied and the rectification efficiency of the crystal. To
ses how measurements cen be made we must trace ocut the path taken by the mixer
output, shown in fige76(a). The imner goes to a Fye plug and thence to the
primary of the input transformer of the head smplifier. ‘The other end of thias
primary is kept at R.F. earth by means of the condenser C.126 (.0023 mP). This
condenser blocks off the D.C. component but serves to apply the full”A.C. cam-
ponent to the transformer. From the top of Ce126 2 1345 Mc/s. chcke passes to
one side of a Jack-point. The other side ia tied to earth. Now the mixer
output voltage is between the inner and outer of the Pye cable to the head
amplifiers The inner is connected to the one side of the Jacke The ocuter is
earthed and hence effectively cannected to the other side of the Jack, The
I.P. choke blocks the A.C. component from the Jack~point but the DeCo camponent
is applied across it. Hence, by Jjacking in a meter, the ocurrent developed in
the meter by this D.C. camponent of the mixer output voltage can be read.

This reading is called the "crystal current". In the indicator 162 a meter
was Pitted on the panel which comected to one side of a back contect on this
Jeck=point. The orystal current could then be read at the indicatar. ™is
facility is not available in the indicator 184 and crystal current can only be
checked at the transmitter unit Jack-point in the H.2.5. Mark IIC installation.

g_rzsta.l Checks and Tests

332. The "cryatal current” reading obtained by Jecking in e meter at the
transmitter unit is dependent oni=

a) What C.W. input is applied to the orystal.
b) How efficiently this input is rectified.

Hence, a camparison of the current values cbtained from different orystals with
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the seme C.W. input is a means of campering the rectification efficiency of
different crystels. By simultaneously noting noise level on the height tube
for a given gain setting a comparison can be made of the noiae developed by
different crystalas. The higher the current reading obtained and the lower the
noise level generated the better the crystal. Conversely, the lower the current
pessed and the higher the noise level the poorer the crystal.

333. By plugging in the meter on the chmmeter range with the set switched off,
we can apply the cell wvoltage across the crystal. This follows since the tung-
sten whisker is connscted to the ome side of the jack-point and the silicon
crystel is earthed at the shorted end of the mixer line. Hence by switching

the jack connections both the "back" and "forwerd" resistance of the crystal can
be measured. By "back"™ resistance we mean the D.C. reslstance offered when the
positive side of the supply goes to the tungaten whisker and the negative side

of the supply goes to the silicon orystal. Since electrons only tend to flow
readily in the ovposite direction the observed resistance will be reascnably
high, enywhere from 1K. to 10K. in a good crystal. When the Jack connections
are reversed we apply the cell voltage in the direction of nomal flow and the
observed resistance is low, of the order of 120-200 olms. These indications
are used as crystal checks but they are not fool-proof checks as the D.C. charac-
teristics of a crystal are not necessarily a check of its ReF. rectification
properties. The following procedure for crystal checks an D.I.'s is recamended: -

(a) Measure both back and forward resistance and note that forward
resistance does not exceed 180 to 200 ohms and that the back
registance is not less than 1000 ohms.

E'b; Log the back resistance on a card kept with the R,

Should the back reasistance have dropped to less than half the
value logged on the previous day, it should be rejected, although
the value may still exceed 1000 ohms. :

(d) If a crystal is rejected and replaced by a new one it should be
checked as in (a) and the modulator then switched on and off 5 ar
6 times and the valuea again checked to test the resistance of
the crystal to surges. If the velues of the back and forward
resistance are still satisfactory the back resistance should be
logged and an indication made to show that a new crystal has been
fittede It must be, stressed that these crystel checks may be
passed and a crystal still give poor R.F. rectification efficiency.
Canversely, the tests may not be passed and the crystal may be
giving a satisfactory performance. Such cases are, however, the
exception. The final test is always receiver sensitivity. If
good signal emplitude and & good signal to nolse ratio are
obtained when the received cutput is observed on the monitor 28
(or on the height tube) the crystal must be cpermting satisfactorily.
From experience the mechanic will learn what amplitude end signal
to noise ratio may normally be expected at each dispersal point
fron any particular permsnent echo. If sensitivity seems to be
low the first check is to substitute a known good crystal and note
whether any improvement is obteined. The checking of back and
forward resistance serves mainly to check whether erystals have
deteriorated since the previous check and gives an indieation of
probable relisbility that can be counted on in the majority of

cases but not in all cases.

Cryetals for HeZ2eS. Mark IIC

33,, The cryatal normally used in He2.8. Mark IIC is the CV.101, a yellow spot
erystal which should not be called on to pass a steady current that will give a
reading in excess of Os6 ma. If & subsidiary orenge spot sppears in eddition
to the yellow spot it is a CV.102 which will stand a rather higher voltage. If
a subsidiary red spot is used the crystal is a CV.103 which will stand atill

higher voltages.
The Local Oscillator

335. (a) The structure of the V.67 type of reflector Klystron

‘ is shown in fig.78.
(b) The major circuit details are shown in fig.77.
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Requirements of Cm. Local Oscillator Circutt

336, Since R.F. amplification is impracticable in the oms band we use a
frequency changer as the firat stage. Hence, the local oscillator must be
capable of providing sufficient C.W. output in the am. band to secure adequate
heterodyning. To fulfil these requirements a resonant cavity type of ocacilla-
tor is used. Before studying this am. oscillator in detail we shell recall
the requirements it must meet:=

Eag Adsquate C.W. output to give efficlent heterodyning.
1) Tunable fran the He2.S. operator's position to allow for
variations in the frequency of both the magnetron and the Klystron.

Ec) As high a frequency stability as is reasomebly obtainable.

d) Adjustable feedback to permit control of amplitude for
oscillation.

Eeg As high en output stability as is reascnably obtainable.

£) Aidjustable loading to set the amplitude of oacillation to a
point where the current drain is not sufficiently high to
endanger the valve when frequency end cutput are stable.

(g) Control of inmput to mixer to get optimum heterodyning without

modifying the loading.

These requirements call for a stabilised power supply, and Tuning, feedback,
loading, and output controls.

Details of the Circuit

337. Before attempting to study the action of the local oscillator, we note
the follosing items in the loeal oscillator circult in fig.77.

. (a) A resonant cavity of the toroidal or rhumbatron type which
correspands to the ILC. tank clrcuit of the normal os:illator.

(b) An eleotron gun which is used to excite the cavity and which
plays the part of the valve in a normal oscillator.

(¢) 4 three section glass envelope sealed tovthe rmmbatran by
means of copper glaas seals.

(d) A reflector electrode whose voltage can be varied with respect
to the cathode by means of a potenticmeter. Thies serves as
the feedback control. .

(e) Three preset and one variable plunger. These are the tuning
contraols. -

(f) A rotatable coupling loop. This is the loading or coupling
control.

(g) 4n adjusteble capacity probe into the mixer cavity on the end
of the L.0. feeder. This probe has already been mentioned as
providing a mixer input cantrol.

(h) A neon stabilised power supply to obtain a stable frequency
and amplitude.

Principles

338, We shall commence our study of the operation of this microwave C.W.
oscillator by recalling the essentials of any fonn of regenerative oscillator.
The first requirement is a ringing cireuit which, if excited, will develop
simsoidal oscillations whose amplitude decays exponentially. The lower the
circuit losses, i.e., the higher its @, the more slowly these oscillations
would decay. The second essential ia a suitable agency for exciting the
ringing circuite. The third requirement is same method of supplying positive
feedback to make up the losses in the ringing circuit and thus keep the ampli-
tude of the oscillations constant. We may. then regard the regenerative
oscillator as consisting essentially of a ringing circuit which develops the
R.F. energy, and a meintaining circuit which excites it and provides the
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requisite amount of energy in the carrect phase to overcame losses. D.C.
energy must be aupplied to the maintaining circuit while R.F. energy can be
obtained by loading the ringing circuit. In the familiar L.C. valve

oscillator the L.C. circuit provides the ringing circuit. The moving magnetic
field associated with the initial current flow provides the excitatiom that
starts cacillation. Same of the R.F. energy of the oscillatory circuit is
impressed on the grid in such a phese that the emplified output is retumed to
the oscillatory circuit to make up the energy supplied to the grid, the ohmie
losses in the oscillatory circuit, and the output supplied to the aerial. The
oscillations are kept at that constant amplitude where the input returned to the
grid just makes up all these losses after smplificetion in the valve. The valve
is purely a convenient maintaining circuit which takes the enargy from the H.T.
supply and passea it to the oscillatory circuit for conversion into ReFe onergy.

333+ When the current is building up in the inductance of an L.Ce circult
energy is stored in the magnetic field. When the current reaches a ateady
value the magnetic field collspses and the current overshoots to charge up the
candenser to a value above the mean anode potential and the energy of the mag-
netic field is stored in the electric field of the condenser. When the magnetic
field has canpletely collapsed there is no further charging e.m.f. across the
condenser which then discharges through the coil in the reverse direction to
again store the energy in the field of the coil. It is only because the coil
and condenser are not campletely resistanceless that this ocscillation will not
g0 on indefinitely without any positive feedback arrengements.

340. Just as any length of wire exhibits inductance, so does the metal of the
rescanant cavity or rhumbatron of the klystron. What is less apparent is how

the two sections of the rlumbatron can exhibit capacitance although they are
comected through the outer casing. This phenamenon arises out of the fact

that at very high frequencies the distribution of R.¥. currents in conductors
makes it possible for different parts of the same conductor to have a different
ReF. potential. If these parts are separated by a dielactiric we have an eleetric
field in which R.F. energy can be stored which is Just another way of saying that
we have capacitanoce. The rhuambatran is then Just o microwave equivalent of the

familiar L.C. circuit.
Emitatim

341. The CV.67 operates with the rmmmbatron at D.C. earth, the cathode at about
«1200 volts and the reflector at around =1500 volts. There is therefore a
potential difference of about 1200 volts between the cathode and rhmmbatron.
Hence, when the cathode starts to emit, the alectrons travel at high speed toward
the rinmbatron. The grid and screen, although tied to the cathode, by virtue

of the fields induced in them by the electrons serve to shape the emitted
electrons into a fairly sharp beam which is directed through the orifice in the

1lip structurae.

342, When the electron besm passes through the rhumbatron orifice it has a
magnetic field around it since it is Just ma much an electric current ms the
electron flow in a wire. This field cuts the metal of the rhumbatron cavity
and starts electron displacements in the metal. ‘These electron displacements
cause the cavity to start ringing Just as the initial current flow in the cail
started the ringing of the L.C. circuit. The effect of this ringing is to make
the two halves of the rhumbatron swing alternately positive and negative at a
frequency determined by the cavity volume. This results in the sppearsnoe of
an electramagnetic field in the cavity which has its electric vector perpen—
dicular to the two copper plates forming the toroidal cavity. This field is
most intense across the lips where the plates are close together. The mitual
repulsion of the lines of force cause them to bulge out into the orifice. This

field rises and falls sinusoidally at a frequency of around 3300 Mc/s.

Yelocity Modulation

343. As the constant velocity electron stream fram the gun enters the orifice
the wvelocity of the electrans is modified in accordance with the :Lnatantmemn
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sense and magnitude of the electric field tulging into the orifice. Let us
assume thet the field is at a maximm with the upper plate poasitive and the

lower plate negative. An electron entering the field is then accelerated and
travels at an increased rate af'ter getting through the orifice. A quarter

cycle later the field will be zero as both plates will be back to R.F. earth as
well as D.C. earth potential. An electron passing through at that instent will
then trevel at the seme speed after emerging as it did before entering the apace
between the lipa. After another querter cycle has ocourred the field will be

a maximm in the opposite sense, i.e. the top plate will be negative and the
lower plate will be positive. An electron now entering the field will be slowed
dowm or decelerated. We see then that the ringing of the cavity is modifying
the velocity of the electrans passing through the orifice., That is, the ringing
cavity is causing a velocity modnlation of the electron atream.

344, To appreciate the significance of this veloclty modulation we must now
transfer ocur attention to the space between the earthed rhumbatron and the
reflector which is at about =1500 wvolis. In this space there ia a steady D.C.
field that will urge electrans away fraa the highly negative reflector towards
the relatively positive rhumbatron. Shooting through the orifice into this
field we have the velocity-modulated electron stresm. The opposing field will
bring them all to 2 halt and turn them around to shoot back into the orifice
gince the D.C. field between the reflector and rhumbatron is 1500 volts, while
the D.C. field between the cathode and rhumbatron is anly 1200 volts. But since
the electron stream has been velocity modulated while passing through the orifice
the first time there will be differences in how close the electrons come to the
reflector before they turn around. The accelerated electrons will penstrate
farthest. Electrons caning later which met the zero field will be travelling
less rapidly. These will turn around eariler and will tend to fall in step
with the accelerated ones that had travelled farther but spent the quarter
period in travelling and returning the extra distance. The decelerated elec-
trons coming along a further quarter cycle later will turn around still earlier
so will tend to fall in step with both the preceding lots. The combined effect
of the reflector and the velocity modulator is therefore a tendengy of the elect-
ron stream to show bunching, i.e., heavy concentrations of electrons separated
by more trickles. We sgay the stream has been density modulated. If the
reflector voltage is carrectly adjusted with respect to the cathode voltage and
the distance between the reflector and the orifice, we can srrange that the
bunches in the reversed stream meet an opposing field when entering the space
between the lips on their retum Journey. The trickles between the bunches
meet the accelerating field a half-cycle later.

Density Modulation and Positive Feedback

34,5, If the dense parts of the reversed stream met an opposing field while the
sparse parts meet the accelerating field we will have the majority of the elect-
rons slowed down on their second passage through the field and only a small
proportion will be speeded up. In their first passage as many will be speeded
up on the aversge as will be slowed down. The result of sultably adjusting the
reflector voltage is then to slow down far more electrons than are accelerated.
Now if electrons are speeded up they have taken enerpgy fraa the oacillating
electromagnetic field, ie.e., they have damped the ringing. But when they are
slowed down they have given up energy to the field and have provided positive
feedback. Hence, by correctly adjusting the reflector voltage we obtain
positive feedback and sustained oscillations in the resonant cavity. As long
as the energy returned to the cavity exceeds the energy taken fram it by clmic
losses, in heating the inner surface, by accelerated electrons, and by output
circuits, the klystron will oscillate. The amplitude of oscillation will set
jtself at the level where the total losses balance the energy taken from the
electron stream. How much energy is taken from the electron stream depends

on the nimber of electrons meeting an opposing field. It is the opposing

field strength which determines the amount of deceleration and hence the amount
of kinetic energy taken fram the slowed-up electrans. Both the muber de-
celerated end smount of deceleration are altered by varying the reflector
voltage since this quantity determines the spacing between the tunches. If
the bunches are spaced so that their centre meets the opposing field when it

hes its maximum velue the maximum energy is taken from the electron atream and
the amplitude of the cacillations reachea its maximun value. If the bunches
meet the opposing field when it has a low intensity the amplitude of oacillation
falls since leas energy is taken from the electron stream. Altering the
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reflector voltage then serves primarily to alter the spacing and phasing of
the bunches with respect to the oscillating ReF. field between the rhumbatron
lips and thus perfoms as a feedback or amplitude control. The oscillating
field may have different modes, i.e., different electric and magnetic field
patterns which correspond to different frequenciesa. These modes may change
as the reflector voltage is varied. Hence although the reflector volis
control serves as a fesdback control in the CV. 67, it may have secandary

effects on fregquency.

ggerati_gg Conditions

3L6. The actual spacing between bunches cen only remain constent if the cathode
and reflector potentials remain constant. Hence, for stability of cutput
provision must be made to keep these potentials as steady as possible. To
fulfil this requirement, the neom stabiliser cireult is provided across the
~1800V. supply brought into the tuning unit 207 fran the power unit.

3L7. The reflector volta potentianeter permits a variation in the reflector
potential of arcund -1400 to -1 600V. when the klystron is oscillating. 'The
normal cathode potential is sbout =-1200V. Should this potential fall to the
vicinity of -1000V., the klystron operation will became critical. An electiro-
static voltmeter must be used to measure the klystron voltages.

348. The nommal operating current of the klystron is about 8 ma. This can be
messured by connecting a meter between the =1 800V. input plug and the 39K.
resistor, R.2. The electron flow path iz through R.2, the stabilising network,
emission from the klystron cathode, and an ultimate flow to the earthed rhum-
batran and through the earth line to power unit. Since this is a series cirauit,
all the current passed flows through the klystron. 4s the reflector is more
negative than the cathode, there is no electron flow to the reflector.

Frequencj Control

349. The frequency of the oscillations in the CV. 67 is primarily controlled
by means of & knob on the front of the tuning unit 207. This knob alters the
distance a variable tuning plunger projects into the rhumbatron cavity. The
range available on this control should be such as to permit tuning the kiystron
through 13.5 Mc/s. either above or below the magnetron frequency with scne lse-
wey at each end. If these conditions camnot be fulfilled, the two preset
plungers require adjustment until this condition is fulfilled. It must be
remembered that screwing these plungers in shifts the band covered toward a
higher frequency, while screwing them ocut, shif'ts the band covered to a lower
frequency. The desirability of being able to tune the CV.67 above or below
the megnetron by the I.F. of 13.5 Mc/s. erises out of the fact that the mixer
lins i3 eut to a fixed length. If the magnetron frequency happens to be near
the end of the band to which the mixer cavity responds, say near the low end,
then the response to a L.0. signel tuned 13.5 Mo/s. lower will be much poorer
than the response to & L.0. signal tuned 13.5 Mc/s. above the megnetron frequendy.
Hence two-point tuning on the klystron permits selection of the klystran fre-
quency that gives the best respomse in the mixer cavity and hence the best

signal to noise ratio.

350. As pointed out above, the reflector voltage may have a secondary effect
on frequencye.

Qutput Cantrol

351, It was pointed out earlier that the electric vector of the csoillating
field in the klystron cavity is always directed so as to be perpendicular to
the two rhumbatron plates. The magnetic vector will take the fomm of closed
loops in a plane at right angles to the E lines which they circle. If a
section of coaxial line with the innmer terminated in a loop (whose end is’
soldered to the outer) is threaded inte the cavity, any of the magnetic lines
of force threading the loop will induce an ReF. voltage between the irmer and
outer of the cocaxial line. Te outer of the line will be in contact with the
rinmbatron casing and therefore at earth potential. How large an R.F. voltage
is developed between the inner and outer of the coaxial line will depend on how
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many magnetic lines of force thread the terminating loop. This will be a
maximum when the plane of the loop is perpendicular to the magnetic vector in
the cavity. Hence, by altering the angle of the coupling loop the R.F. voltage
applied to the line may be varied. This coupling line is brought to the L.OC.
output plug on the tuning unit 207 panel. A uniradio 21 feeder is connected
at the plug and picks up the output voltage far transfer to the mixer cavity.
Since the angle of the coupling loop determines how much energy is taken fram
the cavity by the feeder, i.e., the klystron loading, a verieble coupling loop
angle provides an output or loading control. A screw=driver preset labelled
"eoupling” appears on the tuning unit panel. This control varies the coupling
loop by means of a suiteble lever arrengement. If the coupling is very light
and the reflector voltage is set to give e heavy poeitive feedback the klystron
will oscillate very vioclently and will take a current which may be sufficiently
heavy to damage the valve. If the coupling is at meximum to provide a heavy
loading, far more energy is transferred to the cable than can possibly be used
at the mixer cavity for efficient heterodyning. It is therefore usual to set
the coupling loop at about 30° - 45° to the H vector (or maximm coupling) to
get an intermediate coupling. Rader mechanics familiar with the indicator 162
mist bear in mind that in the tuning unit 207 the klystron is mounted horizon-
tally instead of vertically as was the case in the indicator 162, The coupling
indication is given by the position of the slot in the coupling preset. A full
range of coupling from minimum to maximum is obtainable by varying the slot
between the horizontal and vertical poeitions.

Setting of Coupling Loop snd Capacity Probe

52, As was mentioned in discussing the mixer the L.O. imput to the mixer is
introduced by means of a capacity probe. This capacity probe with its 75 ohm
matching resistor is the terminetion of the uniradio 21 feeder fram the tuning
unit 207 to the mixer in the transmitter unit. This capacity probe provides

a means of attemating the local oscillator signal to a suitable value for
efficient heterodyning of the ReF. signal. Fram experience it has been found
that a crystal current reading of about O.4 ma, gives the optimum operating
canditions. It is custamary to set the coupling to an intermediate value with
the loop at 30° = 45° to the maximum coupling position and the capacity probe
to a setting such that the maximm crystal current reading obtaineble by varying
the reflector voltage doss not exceed 0.6 ma. This precaution is teken to
prevent damage to the oryatal. The reflector voltage is finally adjusted to

give a current reading of 0.4 ma.

Setting-Up the Reflector Voltage and Crystal Current

353. A point to be watched for is the possibility of getting O.4 ma. cryatal
current for two different settings of the reflector voltage. A full orystal
current characteristic will show two sides, a "steep" side, and a “slow" side.
By the term "steep" side, we mean that over part of the movement range availseble
cn the reflector voltage preset the crystal current will rise sharply to a peak
(which may in saue cases be unstable) for a amall rotation of the preset. This
means that if the reflector voltage is set to a point within this range a amall
variation in supply voltages due to changing engine speed, etc., will cause
appreciable changes in crystal current. Thia means that the klystron operation
is likely to be erratic and probsbly nolsy as well. Should the reflector
voltage be set up in this "steep” or unrelisble side of the crystal characteris-
tie én the ground airborne operation will in all probability be unsetisfactorye.
By the term "slow" side, we mean that over an appreciable part of the movement
range available an the reflector volts preset the ceryatal current will vary
very gradually. The mare usual performance will be a sharp rise to a peak as
the cantrol is turmed closkwise and then a slow fall eway. Occasionally a
slow fall may came first and then the sharp riae. The important considerations
are:- :

(2) That the current should never exceed 0.6 ma. as the reflector

voltage is varied through its full range.
(b} That the final operating point be set for about O.4 ma. on
the slow or reliable part of the crystal characteristic.

A cyyetal current characteristic is shown in fig.76(b).

" Interaction between Tuning and Crystal Control

354, Since altering klystron tuning varies the frequency of the oscillating
field, it is varying the period in which the electric field across the lips
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is canpleting & cycle. Now the reflector voltage setting fixes the spacing
betwesn bunches. When these bunches meet an oppeosing field, we have klystromn
oscillation and erystal current fram the reetified C.W. How much crystal
current is produced depends on the amplitude of the CeW. input to the mixer,
which depends on the amount of positive feedback. But the amount of positive
feedback depends on the strength of the opposing field met by the bunches.

If the tuning is altered, the bunches will meet the opposing field at a different
point in its cycle. Hence the positive feedback may vary and the result mey

be to vary the amplitude aof ocscillation and therefore the crystal ourrent.

It follows then that when a set is being lined up on the bench or in an ailrcraf't,
the crystel current velue should be checked if the klystron tuning is altered
after the crystal cwrrent wus set up.

The Crystal Adaptor Check of Klystran

355. When the cammon fault of low crystal. current is encountered the fault is
usually in the crystal. It is, however, desireble to have same ready method

of checking that the klystron is actually producing a C.W. ocutput at the output
plug on the tuning unit 207. This can be done by means of a crystal adaptor
which can be commected directly to the output plug. This adaptor is Just a
crystal rectifier in a suitable mounting. When an AW is camected to the
adaptor the rectifier output current can be measured. Velues of ebout 8-12 ma.
are normal. Since this value is well above the value that the orystal can
safely carry for any apprecilable time interval the adaptor should Just be touched
to the output plug long encugh to see whether or not a satisfactory output is
being developed. The actual crystal current value obtained will depend a great
deal on the condition of the crystal used. The presence of a reasonable current
is sufficient to indicate that the klystrom is oscillating.

Klystron Faulta

356. The only common klystron faultis are as follows:-

(a) Coupling loop so long that it pushes ageinst the glass
envelope and elther breaks the loop or bends it back on itself
so that it is effectively shorted out.

(b) Loss of vacuum due to cracks or breskage of copper-glass seals. .

(¢) Wear in the ocutput plug and socket resulting in poor contact
and poor output and noise when airborne. .

(4) Loss of emission due to life factor.

(s) Damage due to passage of excessive current due to undercoupling
and heavy positive feedback.

(f) Change in companent values resulting in incorrect cathode and
reflector voltages.

The Head Amplifier

357, It was pointed out in para.311 (J) that the head amplifier is included
in the transmitter unit to give some amplification (gain of ebout 4) of the
mixer output before applying it to the cable passing to the I.F. emplifier in
the receiver-timing unit. Whether or not the inclusion of the head amplifier
results in a better signal to noise ratioc in the receiver ocutput depends )
entirely on whether the signal to noise ratio of the ‘imput to the L.F. strip
is better when the head amplifier is included than when it is amitted. This,
in turn, will depend on whether the signal amplification in the head amplifier
stage exceeds the cambined effects of noise picked up and noise developed in
the atage. It follows then that the head emplifier atage may became a
14ebility rather then an asset if the stage becames very noisy. The chief
ceuses of noise are bad earthing connections anywhere in the stage. A low
emission VR.136 will also be noisy. A check on the stage can be made by by-
pessing the head amplifier and feeding directly fram the mixer into the I.F.
strip. If the aignal to noise ratio shows considerable improvement the head
amplifier stage is obviously a hindrance rather than a help.

Miscellanecns Transmitter Unit Faults

358. To avoid confusing noise from noisy blower motors which is getting into
the head émpli.fier with nolse due to a faulty head amplifier stage or R.P. noise
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pick up, the noise level in the receiver output under normal operating con-
ditions should be campared with the value observed when the blower motor is

mede inoperative.

359. A check can be made on the noise contributiom of a particuler transmitter
unit by camparing the noise level in the receiver output when the tranamitter is
operating with the level when the modulator is switched off. By substituting
a transmitter unit kmown 0 be satisfactory for the suspected cne and fitting
the crystel fram the suspected unit in the good one, a check cen be made for
abnormally high transmitter unit noise from causes other than the orystal.

360. Other causes of noise, intemmittent signals, weak signals, no signals,
etc., may he:- '

{(a) Buming of, or bad contacts by, the pin on the CV.64 output line
which connects to the aerial feeder imer.- -

(b) Biniing of the nut commecting the cuter of the aerial feeder and
resulting in a poor contact.

Ec; Loose inner contact at pulse input plug socket.

d) Absence of earth on screening of pulse lead fram the input plug
to the pulse transformer. )

(o) Insufficient clearsnce between the leads to the magnetron lega
and the 4K. morganite rod. Short circuits and sparking mey then
occur under comditions of vibratiom, high altitudes and low
Pressures.

Efg Straps for clamping the capacity probe may be broken or misaing.
Faulty Joints between 75 ohm resistor in capacity probe and the

fmer of the feeder. \

(h) Rotation of trolitul sleeve in the capacity probe permitting contact
between these joints and the outer to short out the C.W. input

. intermittently or cantimiously. ’

(1) The irmer of local oscillator imput plug may push into the paly-
styrens and fail to meke proper contact or break cormection inside
the probe to the mixer.

(j) The thread on the outer of the loeal oscillator input plug may

~ bind so that the lead fram the indicator does not meke rigid
camection to the pluge.

(k) Inner of the mixer line failing to make good cantact with the pin
on the end of the crystal. The split end of this inner may
require pinching by careful manipulation of twe long-shafted screw-
drivers.

(1) The black cap of the crystal holder failing to screw in far enough
to clemp the oryatal fimmly in the holder.

{m; Absence of spring clamp to hold damed cep of mixer line.

Dry Joints or broken wires at the I.F. connection to the outer

of the crystal at the top of the metal sleeve.

{0) Loose or missing grub-screws in the Pye plug on the I.F. input
to the head amplifier.

(p) Ioose muts on the Pye sodckets on the input and output of the head

amplifier permitting the sockets to rotate when the plugs are

hendled with resultant breakage of the leads inside.

(g) Bad contacts in the VR.13%6 holder in the head amplifier stage.

Bad contacts in the crystal current Jack.

Insulation breskdown in the crabtree supply plug to the head
ampl%f:;.er unit between the 300V. imput pin (1) and the earth

pin 2)e

(t) Dust cores in head amplifier input or output transformers dis-
placed or dropped out due to faulty sealing.

ug Feulty suppressor unit on blower motor or scamer motor.

v) Blower motor running rough due to faulty lubrication and
causing excessive wvibration.

w; Faulty brushes on blower motor.
Feulty sealing between chassis and rubber mounting of blower motor.

) Beacon awitch in the B or BA positions so that HT supply to the
head amplifier is cut off.
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The I.F, Amplifier

364, The six~stage (VR.65) I.F. smplifier, the diode detector (VR.92) and’

the receiver cutput valve (VR.53) are mounted on a sub-chassis in the receiver-
timing unit. The tuned ancde transformer in the head amplifier is suitably
damped on the secondery aide to match the Pye cable carrying the head amplifier
output from the green Fye plug on the transmitter unit to the corresponding
Plug on the receiver-timing unit. The input frem the green Pye plug on the
receiver is applied to the grid of the first I.F. stage via a tuned dust-core
transfomer, suitably damped on the secondary side to match the Pye cable.

A second lead taps into this input transformer from a brown Pye plug on the receiver
parel. This plug is used to feed the output of the Luacero unit into the I.F.
amplifier. The beacon returns fram the receiver section of the Lucero unit
are passed into the I.F. amplifier when the beacon switch on the switch unit

is in the B + H, B or BA position. In the B + H position, the HeT. supply to
the head emplifier is completed and inputs are fed into the I.F. strip at both
the green and brown Pye plugs. When the awitch is on the B position only
Lucero signals fran the long range beacons reach the I.F. amplifier. 1In the
BA position a different local oscillator is switched in at the Lucero unit and
the input to the I.#. amplifier consimts of signals from the Lucero blind
approach beacon. In both the B and BA positions the HeT. supply to the head
amplifier is broken so that there is no HeZ2.S8. signal imput at the green Fye
plug. In the OFF position, the Lucero unit is inoperative and only He2.8.
eignals are applied to the I.F. amplifier. The taps on the input transformer
‘are chosen to give suitable matching and signal to noise retio for both input

channels.,

Gain Control

362. The ooupling between the six stages is by dust-core transformers suitably
damped on both sides. The oversll band width is 13.5 % 3 Mo/s. The gain is
controlled by varying the cathode bias applied to stages 2 and L. The ZK gain
control potentiometer on the switch unit is in parallel with R.61 (22K) in the
receiver. This parallel combination is connected in series with R.60 (75K.)
between the 300V HeT. line and earth. When the gain control is fully counter-
clockwise the whole ZK is in circult and a bias voltage of ebout =8V. is tapped
off which iB sufficient to cut the valves off. When the control is fully clock-
wlse the blas line is returned to earth and stagea 2 and L operate with the same
normal auto-bias as is used in the remaining steges. The amplifier then has

its maxirmm gain.
Suppresaion

363, It has been pointed out that the CV.43 cannot ionise instantly and
always permits the passage of sane tranmmitter pulse energy to the erystel. The
mixer cutput fram this breakthrough is of such amplitude that it ¢an overload the
I.F. emplifier and cause temporary paralysis of the receiver after each trans=-
mitter pulse. 'To overcome this difficulty the I.F. amplifier must be suppres-
sed until the main trensmitter pulae is campleted. It has also been pointed
out that the back edge of the 20 microsecond modulator priming pulse fires the
trigger valve and spark gep to initiate the 1 microsecond transmitter pulse.

The positive-going 20 microsecond pulse taken from the cathode of the VT.60A in
the modulator multivibrator is therefore a convenient waveform 4o generate the
required suppresaion pulse since it is always locked to the tranamitter pulse.

364 Details of the suppression generator are shom in fig.80. The poaitive-
going 20 microsecord pulse fran the VT.60A cathode is applied to the four
parallel violet Pye plugs on the modulator panel through the 110 ol terminating
resistor, Re35. From one of these violet plugs, the pulse is tsken to the
violet plug on the receiver<timing unit. As the transmitter fires 1 to 2
microseconds after the back edge of the modulator priming pulse it is necessary
to delay the input to the suppression generator in order to get a suppression
waveform that comtirmes until the transmitter pulse is campleted. For this
‘reason a delay network with a switoh that can be set to provide a delay that

is variable between O and 8 microseconds is inserted in the input to the
suppression generator, Veli2. The positive-going 20 microsecand pulse will
normally have an amplitude.of 40 - 50 volts at the vialet imput plug. This
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amplitude is dropped by the bleeder R.455 (1.5K.) and Re456 (3K.). The
effective input impedance is that of Re456 shnted by the characteristic
impedance of the networks. This results in an imput emplitude of 12 = 15

volts. The 1K terminating resistance prevents reflecticns fram the ocutput

end of the network. The network therefore applies to Ve412 grid a 20 micro-
second positive=going pulse delayed~relative to the imput by O - 8 microseconds
sccording to the setting of the switch which is operated by an unlabelled screw-
driver preset on the receiver-timing unit panel. The amplitude on Vei2 grid
is about 13 volts. The effect of this positive pulse is to carry V412 into
grid current for the pulse duration. This grid current flows into C.452 (0a1)
and charges it negatively. When the positive pulse collapses the leak-away-

of the electrons through Re458 (iM.) develops sufficient self-bias to keep V.412
cut~off on the grid until the next positive pulse appears. V412 anode there—
Pore falls for 20 microseconds in every 1500 microseconds. The anode load of
V.412 is Re5 (40K.) in the screen supply line to the 1ast ami 3rd I.F. stages.
The normal screen current to these valves through R.5 makes the cut-off potential
of V.412 about +150V. When V.412 goes into grid current the current passed by
Vo412 results in a drop at the junction of R.5 and R.6 of about 140V.  This
fall carries the acreens of the 1st and 3rd I.F. stages s0 low that the valves
are effectively cut off. When V.412 ocuts off again the acreens of Vet and Vo3
will return to a sensitive state at a rate determined by their associated time
constants. The position of the suppresaion period can be varied by means of
the suppressicon preset until only a wisp of the breakthrough tail shows on the
height tube trace. Tue to the first negetive overswing on the pulse trans-
former resulting in a measure of oscillation in the magnetron, it may be necep-
sary to set the suppression control to cover both the primary magne tron pulse
and this spurious overswing pulse if breakthrough is to be canpletely eliminated.
This problem has been the factor which limits the minlmum range of Fishpond.

The Second Detector

365. The output of the last I.F. stage is applied to the cathode of the VR.92
sesond detectar. 'The rectified valtage is developed acroas Re54 (6.2K.) as
negative~going 13.5 Mc/s. pulaes. Ce34 (5 pf.) smooths these to give the
envelope of the echo signel. L.5 is an L.F. choks.  C.49 (+1) and R.64
(100K. ) provide A.C. coupling to the receiver output valve. A.C. coupling
{8 used in preference to D.C. coupling to minimise the possibility of C.W.
Jemning on the I.F. frequency. With D.C. coupling the back-biassing af the
detector anode by & C.W. signal could carry the grid of the output valve to

cut=off.
The Monitor Network

366, Re55, Re56, C.36, Ce37 provide a monitor network. By connecting &

0 - 500 microammeter between tag 5 and earth the regtified current produced by
CuW. input to the I.F. amplifier can ba measured. 10V. D.C. output om V.7

anode gives a current of 185 microamps. between tag 5 end earth. By applying

a C.W. input from the signal generator type 524 or ita equivalent type 106, the
overall handwidth can be checked. As the frequency of the input is varied the
meter reading will rise sharply as the pass=band is entered. On going out of
the pass=band the reading will fall sharply. Normal band width is 13¢5 3 Mc/s.
If the input frequency is set to mid=band an inmput setting can be found that
will be well short of saturation on a normal set and the meter reading noted.

1f the seme input is applied to a suspeocted I.F. emplifier the output reading

can be compared with that obtsined from the good set. In this way a comparative
check cen be made on suspected insensitive I.F. strips. Conversely, the input
required to produce a given output short of seturation msy be compared inatead.

The Receiver Output Stege

367. Te receiver output valve is a varieble-mu pentode (VR+53) with the cathode
returned to earth and a 10K. grid stopper. Since the pulse input on the grid
is negative-going the velve passes the maximm current for zero signal imput

and its anode potential will then be at its lowest level, As signals are
applied to drive the grid negative the anode potential will rise to give a
positive~going output. A ~8V. signal on the grid will cut the valve off.

Hence grid cut-off introduces limiting on any signal imput in excess of this
velue. The effective anode load is R«4H1 (1K.) in the timing unit section.
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R.452 is effectively decoupled by C.440 {1 mf.). The anode of the receiver
output valve is taken to tag 7 on the mmbéred receiver tapboard through the
I.F. choke, L.6. Prom the tagboard a lead completes the connection to

R.451 on the timing unit chassis.

368. The suppressor of the receiver output valve is nomally returned to

earth through one half of the double dicde, V.410. Provided the heading
marker switch on the switch unit is closed, circuits in the timing wnit section
apply & negative pulse to the suppressor and cut anode current off on the
suppresser for arcund 2000 - 3000 microseconds once for every revolutbion of the
scarmer. The output of the valve will then conzist of signals and nolse for
all timebase sweeps except those occurring whilst the valve is cut-off on the
SUppressor. If a timebase making 1 sweep per second were available to cbserve
the enode waveform it would show the following details;:-

(a) A suppression break of around 20 microseconds duration at 1500
microsecond intervels.

{b) A positive-going transmitter pulse tail after each suppressim
break.

(¢) Noise during the nan-suppressed portions of each 1500 microsecond
interval.

(d) Positive~going echo pulses recurring in each 1500 microsecond
interval at intervals after the transmitter pulse tmil governed
by the range of the targets.

(e} The amplitude of the echo pulses will vary with the strength of
the reflected signels for a given setting of the gain contral.

(f) The amplitude of the signals and noise will be 2 maximum when the
gain control is fully clockwise and minimum when the gain cantrol
ia fully caunterclockwiss.

(g) Any signals developing e swing of more than -8V. at the grid will
be limited by grid cut-off so will show the same output amplitude.

{(h) Once for every revolution of the scarmer, i.e, once per secord for
a speed of 60 r.p.m., a8 maximm amplitude positive=-going pulse of
about 2000 =~ 3000 microseconds duration will appear when anode
cuwrrent is cut-off on the suppressor by the negative pulae fram the
heading mariker circult in the timing unit.

369. If the switch on the indicator 184 panel is set to "Course" the heading
marker pulse is formed when the acammer goes through the dead-shead position.

If this switch is set to the "Track” position the pulse forms earlier ar later
depending on the drift angle. Since the receiver ocutput is ultimately applied
to the P.P.I. grid as e positive=-going signal, this pulse brightens up one full
scen and all or part of another onse in every scamer revolution. Iff the P.F.I1.
mep is correctly set up by means of the setting knob on the heading control unit,
this brightened up scan appears at the bearing of the aircraft heading when the
indicator 184 switch is set to "Course®. If the switch is set to "Track", and
the Admiralty transmitter in the control unit 468 has been correctly set up by
means of the setting knob on the heading control unit, the positive pulse at

the anode of V.8 is so displaced as to make the brightened-up scans on the '
P.P.I. appear at the bearing of the actual aircraft track. The heading (course)
marker or the alternative track marker are then a part of the receiver output
that appesr only once in every scanner revolution while ell other signals

sppear once for every transmitter pulse.
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The Mark ITTA Receiver Using T.R. 3555 Series

Outline

370. The differences between the Mark TIC and Mark IIIA receivers are primarily
consequences of the fact that a wavelength of about 3.2 ams. is used instead
of 9.1 cms. The chief differences are as followss=

(a) More elaborate input matching arrangements to prevent interference
due to passage of received signels down the transmitter line which
reflect and partly cancel direct incoming signals.

(b) The T.R. switch, CV.11), has a much smaller cavify, uses pressure
tuning, and is mounted in a waveguide.

(c) A different .crystal, CVe111, instead of CVe101 is used. Thie

‘ _orystal has a higher cwrent capacity and smaller stray capacilye
Adjusteble matching is provided for the mixer cavity which is a
section of waveguide.

(d) The local oscillator stage emplays a CV.129 reflector klystron, slso
with & much smaller cavity and pressure tuming. The local
oscillator with its independent power pack is housed in the trans-
mitter unit. A remote tuning control unit is provided at the H.2.S.
operator's table.

(e) & two-stage L5 Mg/s. head emplifier unit is used. This iz a
universal unit emplaying VR.91's instead of the VRe136.

(£) The I.P. strip is another universel unit. It comprises a 5 mtage
(VRe91) I.% 1ifier instead of six VR.65 stages. A cathode
follower (VR.91) is interposed between the detector and the out~
put valve (VR.53). A gain control valve is used to vary the
screen voltage of the secand head mmplifier valve and the first
four I.F. stages. Flxed negative grid biasses are also used.
Tese are derived fram a =-100V. negative rail.

(g) Suppression is epplied to the suppressors of the first three I.F.
stages as opposed to the screens of the 2nd and Lth in the Mark II
I.F. strip. The same suppression generator olrouit is employed.

QLB.EI‘EEIB

371. (2) The major essentials of the Mark IITA (TRe3555) receiver circuit

are shown in fig.82.
%bg Mechanical details of the waveguide adjustments are shown in fige.83.
¢) The gain control and Lucero switch clreuit details are shown in

fig. 89 .

Imput Matching

372. As a result of the short wavelength employed input matching is mich more
oritical than in the Mark IIC receiver. When the reflected echo pulses come
jnto the transmitter unit they have optional paths:-

éa; Along the main ocutput line back toward the magnetron.

b) Down the branch line housing the anti-TR. cell (CV.115) end
tuning pistan 2.

(c) Down the receiver branch line, through the CV.114 TR. switch,

and into the mixer chember.

Obviously, what we want to happen is that all the emergy of the reflected pulses
flows into the mixer cavity for conversion into I.F. pulses. We mst set our
cutput controls with only ocutput oonsiderations in mind. Hence, we have no
cantrol over the phase of the reflected wave that caues back to the receiver
brench line Jjunction fram the magnetron waveguide chamber. In sane cages the
phase may be such that it is correct to reinfarce the incoming wave going

directly into the receiver branch line. In this case the two waves do not inter-
fere and the effect is the seme as if all the energy had gone directly into the
receiver branch line. This case is the exception rather than the rule. Some
form of correcting adjustment is therefore required.
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373. This adjustment is tuning piston 2. The chamber is sealed off during

the transmitter pulse period by the flash-over in the CV.115 which eff'ectively
makes the end wall continucus. When echo aignals came in, the excltation of
the resonsnt slot in the CV.115 is not sufficiently intense to cause flash-over.
Energy then flows through the slot, reflects at the piston and cames back again.
If the reflections from the magnetron are so phased as to interfere with the
wave going directly down the branch line, we can adjust tuning piston 2 to cause
a second reflected wave whose phase is such as to cancel out the wave reflection
fram the cold magnetron. Once the optimum position of the piston is found,
there is least interference between the reflected waves and the direct wave
into the receiver branch line. In transmission line terminclogy, we say that
the piston is adjusted to introduce an impedsnce, which, when added vectorially
to the megnetron impedance causes the incoming wave to aee a high impedance
along the main output line when 1t reaches the receiver branch line junotion.
Ine wave is then pictured as flowing mainly into the receiver line. To adjust
the piston same form of cbservation of receiver cutput is necessary. The
plston is then adjusted for maximm outputs

37,. Cases may occur where altering the piston setting appears to have
negligible effect on the receiver output. When this happens, the reflections
fran the magnetron chamber are already caming back in the approximately correct
phase and no appreciable correction is called for.

The soft Rhumbatron, CV.114, TR. Switch

375. The function of the CV.114 is the same as that of the CV.43 in the Mark
TIC installation, i.e., to isolate the receiver fram the transmitter when the
transmitter fires. This isolation is necessary to get the maximm energy

into the rediated beam and to protect the crystal. Details of the construction
of the CV.11% are shown in fig.84. The cavity is designed to be resonent in
the 3 cm. band. Pressure tuning is used to vary the resonant frequency by
varying the cavity vaolume by means of a alight distortion of the cavity.

376. The cavity is filled with water vapour at a few mms. pressure. When
the ocavity is excited by the flow of energy into the branch line as the trens-
mitter pulse begina, the voltage across the lips causes flagh=cver and intro-
duces an effective short across the guide. The wave then reflects back into
the main guide. The CV.114 is situated e wavelength fram the Junction. The
reflacted wave has then travelled an additional two wavelengths when it gets
back to the main channel. Hence it is in phase with the outgoing wave and
does not cause interference and an effective loss of output. As in the CVe 43,
a probe is provided to speed up both ionisation and de-ionisation. Details of
the probe action in sof't rimmbatron TR. switches are discussed in paragse. 319-
320, The negative voltage for the CV.114 probe is obtained by comnecting the
probe to the output line of the L.0. power pack through a resistance network,
Re21, Re22, Re23 (each 1 ¥.) and Re33 (250K.}s  The CVe11l ionising current
is about 0.5 ma. This current can be measured by canmecting an AVO in series
with the probe cap on the CVe114 and B.33. The probe must be commected to the
positive and the lead to the negative terminal of the meters Unless this
jonising current is present the valve is faulty and the crystal will suffer.
The most probable cause of recurring crystal failure is a faulty CV.11hs  The
voltage at the CV.114 probe will be of the order of =400V, This veltage can
be measured with an electrostatic volimeter. The thiclmess of the two glass
windows is different to permit matching of the cavity to the guide sections on
the sides adjacent to the windows. The side towards the mixing chember has
two holes 90° apart drilled in the threaded section. The side towards the
mein guide has only cne hole. These holes are about 1/32 in. in diameter.

377. Whewn the transmitter pulse ends a normal CV.1t4 will deicnise quickly
‘and. inooming signal waves will not excite the cavity sufficiently to cause
flesh-over. The wave will therefore contimie into the mixer chamber.

The g_zxgtal Mixer

378 Mechanicsl details of the mixer assembly are shown in fig.85(a) and the
equivalent cirouit in fig.85(p). The E vector in the wave=front advencing
along the guide will be diemetrical. The crystel is inserted into the guide
along a diemeter so as to be parallel to the E vector and thus have the
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nmeximum R.P. voltage applied to it. The end of the guide must be closed to
prevent the wave travelling on past the erystal and out into space sgein. But
when the guide is closed with a metallic short the part of the wave which is

not dissipated in developing a voltage mcrosa the crystal travels on to the

short and reflects. If the ecanponent of the reflected wave appearing across

the crystal is not in phase with the direct wave there will be interference and
partial cancellation. By closing the end of the guide with an adjustable pistan
the phese of the reflected wave can be edjusted to be in phase with the direct
wave at the crystal. We then sbstract the maximum energy fram the wave in the
crystal. In the transmission line terms, this is described as matching the

erystal to the guide.

379. The probe fram the silicon crystel in the crystel capsule makes contact
with a comnector pin caning in fram a Pye socket mounted on the guids, diametri-
cally opposite the crystal mounting. This commector pin cantacts the irmer of
the Pye socket irmer. The comnector pin is insulated from the guide wall by

a mica washer through which it enters the gulde. The tungsten whisker of the
crystal makes metallic commection with a metallic crystel holder which threads
into the guide wall. As the outer of the Pye socket and the guide wall are at
earth potential, the mica washer is efféctively in parallel with the crystal and
across the elements of the Pye socket. The mica washer therefore serves as a
smoothing candenser for the rectified halfe-cycles of R.F. passed by the crystal.
As the eleotron flow is from the tungsten whisker to the silicon crystal, the
condenser charges negatively and the output fram the Pye socket will alweys be
negative~-going.

380, The CeW. output from the CV.129 L.0. is brought to the mixing chambers by
a short section of coaxial line. The inner of this coaxial projects radially
into the guide at right angles to the diemeter linking the crystal and the Fye
mixer output socket. This projecting inner serves to capacitatively couple
the L.0Q. output to the crystel. That is, there is a steady C.W. wave in the
guide with a diametricel E vector, and slso an R.F. voltage which only appears
intermittently when signals came in. The voltage applied to the crystal at
any instant is the result of the two voltages across it. As the two voltages
have different frequencies, and hence different wavelengths, they will keep
going in and out of step. When they are in phese at the crystal thelr amplitudes
add. When in antiphase, the amplitudes subtract. The voltage across the
crystal therefore fluctuates between these two limits. That is, whenever an
echo signal appears in the guide, the two signals beat to apply a voltage across
the crystal thet veries in emplitude at the difference frequencys If the
klystron is correctly tuned this difference frequency is 45 Mc/s., the I.F.

frequency.

381. While echo waves are in the guide the voltage at the Fye mixer output
socket will be the smoothed modulation envelope of the rectified crystel output.
That is, bursts of 45 Mc/s. sinewave will appear with a p.r.f. of 670 ¢/s.
Assuming an echo to be of 1 microsecond duration, one such echo burst will
contain 45 aycles of L5 Mc/s. sinewawes.

382, In the intervals between echo waves only the steady C.W. wave from the
L.0. will be in the guide. The crystal output will then be passing a steady
sequence of half-cycles of the L.O. sinewave. These will be smoothed by the
mice washer smoothing condenser to provide a stending DeC. voltage at the Fye
socket. The amplitude of this D.C. voltage will depend on the C.W. input

applied to the guide and the rectification efficiency of the crystal. For a
good crystal the voltage will be a measure of the C.W. inmput and hence of the

klystron output.

383, We see then that there are two camponents in the signal appearing at the
Fye mixer output socket. The one is a D.C. cooponent obtained by smoothing
the rectified L.O. signal. The other is an A.C. camponent consisting of 1
microsecond bursts of 45 Mc/s. sinewaveas at & pe.r.f. of 670 ¢/s. These can-
ponents ere taken by a shart length of FPye csble to the grid of the first head

cmplifier stage.

The Crystal Current Jack

384. Betwsen the imput to the head smplifier end earth we have en I.F. choke
end a »00% condenser, Cet. This condenser offers negligible impedance at



C. D. G896L

45 Mo/s. so the whole A.C. camponent of the mixer output appears across the
I.F. choke and is epplied via C.2 (100 pf.) to the imput coil. The D.C.
conponent is blocked fran esrth by C.! so this voltege appears across Ce1 and
charges it negatively. By Jacking in a meter this D.C. camponent of the mixer
output can be read as a current indication. The tip of the Jack will have to
go to the negative side of the meter and the slesve to the positive side. The
normal value of crystal current is about 4.5 ma. The value should not exoeed
6 ma. or the crystal will be damaged. The unconventional jack polarity arises
because the head amplifier was designed for use with a crystel mixer having the
silison crystal earthed instead of the tungsten wire as in the present case.

Crystal for He2.S5. Mark IITA

385. The crystels used in the H.2.3. Mark III equipments are CV.111's indicated
by a green spot instead of the yellow spot used on the CV.101's for He2.5. Mark IT.
The CV.111 has & higher current rating than the CV.101 and smaller strays.  Sub-
sidiary spot markings are used to indicate the order of the voltage to which the
crystal should stend up. These markings are orange and red spots. A crystel
with only a green spot is capable of passing the required current for Mark III
He2.5. gear but will not stand a very high voltage. If a subsidiary orange

spot is added to the green spot a medium voltage can he handled and if a sub-
sidiery red apot is added the crystal has a high voliage breakdown. The green
spot crystal with a subsidiary orange spot is celled a CV.112. If a green spot
crystal bears the subsidiary red spot it is called a CV.113.

The CV.129 Local Qscillator

386. The HeZeS. Mark IIIA local oscillator is a CV.129 type of reflector
¥lystron. To overcame the problem of feeder losses, the CV.123 and its
associated power pack and stabilising circuits are located in the tranamitter
unit. Tuning is done by varying the cavity volume by means of a pressure ring.
The pressure exerted on the flexible cavity by this pressure ring is wvaried by
means of a differential thread tuning control. A crank and gear drive arrange-
ment for mamel tuning is provided as a gear box attachment mounted external to
the transmitier unit case. In the TR.3555 series transmitter unita designed
for use with the roll=stebilised ascanner Type 71 this gear box ia on the side

of the unit. In the older TR.3555 series units the gear box was mounted on the
front:s A remote control unit, tuning unit type 44k, is provided at the H.2.8.
cperator's table. This unit has a crank and gear arrangement which operates
an Adniralty transmitter that switches the D.C. supply comnections to a repeater
motor mounted in the trensmitter wunit gear box. The repeater motor armature
rotation is used to aperate the klystron tuning shaf't through & suitable gear
train to give sufficiently slow frequency variation.

Ea Mechanical details of the CV.129 are shom in fig.B86.
b) Circuit details are shown in fig.87. .

Operating Conditions

387. The principles underlying the operation of the reflector klystron are
discussed in detail in paras.338-354. These principles also apply in the case
of the CV.129. The essential differences between the CV.129 and CV.67 are in
size, method of tuning, voltages required and power pack design. - The CV.67 is
operated with the cathode at about =1200V and the reflector at about =1500V.
The OV.129 is operated with the cathode not more than 1600V negative to earth.
The refleactor wvoltage is 350 = 550V, negative to the cathode. The. normal
operating current of the CV.129 is around 6 ma. and the coupling into the mixer

is adjusted for & crystal current reading at the crystel jack of about 1.5 wa.

The Local Oscillator Power Pack

388. In view of the small dimensions involved in the OV.129 and the short
wavelength employed, it is obvious that any appreciable fluctuation in the
voltages applied to the reflector and cathode will result in sufficlient change
in the spacing of the bunches to radically upset the feedback phasing. Shif'ts
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in these potentisls must therefore incorporate elaborate stabilising arrange-
ments.

%89. Circuit details of the L.O. power pack are shown in £ig.87. Exanination
of the circult shows the following points. .

(a) T.1 provides the stepped up 1000 ¢/s output which is brought
in through a suitable noise filter.

Ebg Vo4, & W.111, is the actual half-wave rectifier.

c) The effective cathode load of V.k is the beam tetrode stabiliser
v.5, a VT.127.

(d) The screen voltage for the stabiliser, V.5, is obtained by
bridging the screen in on a bleeder between +300V. and earth,
formed by R.30 (22K.) and the V.70 neon stabiliser, V.5, The
+300V. line is supplied from the +300V. pack in the power unit.
The VS.70 serves to stabilise the screen voltage of V.5 to +100V.

{(e) V.5 grid is tepped in at a varieble point on the bleeder between
the atabilised screen and the power pack output line.

Efg V.5 is shunted by the 1.5 M. resistor, R.19.

g) The current passed by Ve4 can be measured at the Jackpoint, J.2.

390, To appreciate how the cutput voltage is being stabilised we must consider
V.5 as a cathode load whose impedance is varied in such a way that when the
irmput to T.1 fluctuates the variations in the impedance of V.5 will serve to
keep the output D.C. voltage constent within very small limits. This veriation
in the impedance of V.5 is achieved by feeding back a fraction of any change in
the output voltage to Vo5 grid. The tapping point to which V.5 grid is
returned must provide a suitable operating potential for V.5 grid. 'This
potential should be sbout =20V. as the cathode is returned to earth. Let us
assume the output voltage is of the arder of «2KV. If the grid were to be
tapped in on a bleeder between -2KV. and earth at a =20V. point, the tepping
point would be only 1/100th of the way up the bleeder. The output voltage
would then have to change by 100 volts. to canse a 1 volt change at V.5 grid.
The control obtainable would not be satisfactory with such an arrangement.

By comecting the bleeder from the =2KV. output line to the stabilised +1 Q0V.
point, we have 2100V. across the bleeder. Tapping at =20V will be 120V wp the
bleeder, i.e., about 1/18 th of the way up. Hence, a change of less than 20V
(1+e. of 1%) in the ocutput voltage will cause a change of 1 volt at V.5 grid.
The control exercised by V.5 therefore becames much more effective.

391, Let us assume that the B0V imput to T.1 primary fram the V.C.P. shows

a transient increase due to incrensed engine speed. The ~2KV ocutput line will
then tend to swing more negative. Approximately 5% of the increase is applied
to Vo5 grid to carry it more negative. Hence V.5 passes less current, i.e., in
impedance rises. There is then a2 reduced flow of electrons into the reservoir
condensers, C.21 and C.22. By correctly adjusting VR.1, the variation in V.5
jmpedance cen be made to counterbalance the normal variations that may be
expected in the 80V supply to T.1 primary. The -ZKV output is then effectively
stabilised.

392. Not only must the klystron supply voltage be stable, but it must be correct
or the CV.129 will not operate reliably and efficiently. Me circulit design
must therefore be such that the selected setting of VR.1 for atability also

gives V.5 such an impedance that the output voltage is correct. Since the )
operating canditions necessary for satisfactory klystron operation are extremely
critical the major requirement is actually e correct output voltage. We may,
therefore, say that the design must be such 23 to give adequate stebilisation
when the correct output is obtained by suitable adjustment of VRi.

393, The leak, R.19, serves to prevent flash-over in V.5 when the equipment

in switched on. The 80V input to T.1 and Te2 will be applied when the "L.T. CON"
button i pressed on the switch unit. When V.5 is cold its impedance will be
high and the proportion of the T.1 secondary voltage appearing between V.5 ancde
and earth might well canse flash-over. By providing R.19 in parallel with V.5
this danger is avolded. R«19 also serves as & discharge path for C.22 when the

gear is switched off.

394. 020 prevents R«F. pick=up fraem influencing the potential of V.5 grid.
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The Klystron Circuit

395. Examination of fig.87 gives us the following information about the
klystron circuit:~

(2) The reflector potential is that of the output line of the L.O.
power pack.
(b) The cathode potential of the CV.129 is determined by the output
line voltage and the potential drop across VR.2, R.29 and VR.3.
But this potential drop is determined by the kiystron current.
The klystron current will depend on the Klystron impedance which
will be modified by the setting of VR.3 since this veries the
grid voltage. We may actually regard VRe2, Re29, VRe3 and the
klystron impedance as forming a bleeder between the output line
end earth. As variation of VR.2 and VR.3 vary the effective
resistence of this bleeder, both controls vary the cathode potential
of the klystron and the klystron current.
(¢) The current token fram the L.O. power pack flows in three channels:-
(i) Through the klystron networi and the klystron to the
earthed rinmbacron.
(11; Through the bleeder formed by R.25, VR.1, R.26, R.27, R.28.
(iii) Through the CV.114 network to the probe and thence to
the earthed rlumbatron via the ionisation leakege from
the probe to the rinmbatron.

396. The voltege of the power pack output line will obviously depend on the
current drain imposed an it. It follows then that we cannot set up VR.1 to
sone arbitrary voltage level and then adjust the klystron controls to get a
suitable operating point for the klystron, since adjustment of the klystron
controls alters the current drain and hence the reflector voltege. Setting

up the klystron controls, VR.2 and VR.3, and the power pack control, VRe1 are
therefore not independent operations. Setting up actually calls for conse-
cutive adjustment of the controls in a series of successive epproximations
which must terminate with stable klystron cperation at a suitable amplitude
level. From operational experience it has been found that the finsl conditions

called for are:-

ag Klystron cathode not negative to earth by more than 1600V.

b} Totel E.HeT. current drain not greater than 7.5 ma. { about
6 ma. to klystron).

(¢) Crystel current at the crystal Jack of 1.5 ma.

The crystal current value is dependent on adequate oscillation in the klystron
so is essentially a consequence of the first two conditions rather than an

additionsl condition.

397. The 7.5 ma. current drain is a flgure found Prom experience. It
represents about 6 ma. klystron current, 0.5 ma. soft rlumbatron current
(CV.114), and 1 ma. bleeder current. To have a constant visuel indication of
this current drain a meter is Jacked in at the jackpoint, Je2. The tip of
the Jjeck must gzo to the meter positive and the sleeve of the jack to the meter
negative teminal. The Jack tip w11l be at a potential of about ~1000V. with
respect to earth. The resistor, R.18 (10K.), serves to avoid the danger of

a feulty Jack point disconnecting Ve5 and leaving Vo4 without its stabilising

cathode load.

398. To permit observation of the Klystron cathode potential while setting
up VR.1, VR.2 and VR.3, an electrostatic voltmeter must be comnected between

the kKlystron cathode and earth.

Klystron Output Controls

199, The principle of picking up an ReF. voltage fram the resomant cavity of

a klystron is discussed in para.351. In the case of the CV.129, a very tiny
coupling loop is used to pick up the klystron ocutput and impress it on a short
length of coaxial feeder. The voltage impressed on this feeder can, of
course, be varied by varying the plene of the coupling loop. The other end
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of this coaxial line has its inner projecting radially into the mixing chamber

to serve as a capacity probe. The intensity of the current set up in the

crystal chamber by the L.0. input depends on the distance between the end of the
probe and the crystal. This distance is adjustable so serves as an lmput
control. In practice, the klystron coupling loop is set for maximum coupling

to put the maximum R.¥. voltage on the coaxial line. The distence that the
launching probe projects into the mixing chamber is then adjusted to give a
crystal current reading of 1.5 ma. on z meter jacked in at the erystal jack-
point. The reason for this arrangement is to prevent the loss of signal power
via the coaxisl line to the L.Q. Obviously, such losses are minimised by
reducing the distance that the coaxial probe extends into the mixing chember

as much as pogsible. This arrangement calls for meximum coupling at the klystron
to get sufficient C.W. into the mixing chamber with the minimm input coupling and

hence the minimun reverse coupling.

The Head Amplifier

LOO, Circuit details of the two stage VR.91 head amplifier are shown in fig.82.
The overall gein of the two stages is about 17 for a screen potential of about
170 wolts. The voltage epplied to the screen of the second stage is varied by
means of the gain control on the switch unit. The H.T. supply and screen
supply to both valves should be broken when the Lucero switch is set for either
B or BA. Details of the chammels are shown in £ig.89.

401. A grid bias of =1.5V. is epplied to the second stage. Re6(145K.} and
R.7 (100K.} form a bleeder between =-100V. end earth and the grid is tapped in
at the junction. The-100V. supply is obtained fram the =100V. neon stabilised

negative rail in the receiver-timing unit.

402, When a valve has been replaced it is desirable that circuits immediately
before and after the particular wvalve should be realigned. The tune fre-
quencies for the various circuits are as followsi-

Input circuit 45 Mc/s.
Coupling between stages 47.5 Mc/s (two tuning adjustments)

Output Circuit 45 Me/s.

For the purpose of tuning up a C.W. output from a signal generator should be

fed into the unit through a suitable resistance to bring the effective generator
output impedance wp to 250 cohms. To represent the mixer and cable capecities

a 3 pf. condenser should be connected across the Fye elbow socket used for
connecting to the inmput plug. The ocutput should be comnected by the normal

cable to the I.F. amplifier in the receiver. A sultable meter across the diode
detector cathode load should be used to cbserve the response. With this arrenge-
ment the cireuits ere tuned to give a maximun with an input signal of freguency
corresponding to the particular circuit as tabulated sbove. The trimmers should
be seeled after tuning. For the first circuit Durofix should be used. Paraffin
wax is used for the interstage coupling and the output.

403, When putting in new valves care must be exercised to ensure that the valve
pins and spigot are correctly aligned with respect to the valve holder before
attempting to force the valve into position. Failure to observe these pre-
cantions will invariably result in breakage of the pin seals in the valve base

or damege to the holder.

LO4. The ocutput is at an impedance of 95 ohms suitable for feeding a terminated
cable of this impedance. For this purpose a uniradio 31 ceble is used to link
the green Pye output plug on the tranamitter unit and the green pye input plug

on the receiver-timing unit. The performance of the head amplifier is indepen-
dent of the cable length when operating into this type of cable and the universal
Wpe 153 I.F. Strip-

The I.F. Amplifier

L05. Full circuit details are shown in fig.82.

4L06. Official respanse curves are shown in fig.88.
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407. The S-stage, VR.9t1 I.F. esmplifier is part of a universal I.F. strip
known es receiving unit type 153. This universel unit is made as a sub~
assembly suitable for building into standard airborne boxes. The overall
bandwidth is about 45 * 2 Mo/s. The overall gain at L5 Mc/s. is of the order
of 30,000. Gain by stages is as fallows:-

(a) First 3 stages - Each ebout 8 at 45 Mc/s. The mutual coupling is
adjusted to give a slightly overcoupled response with slight
double peeking at 43 Mc/s. and L7 Mc/s.

(b) Pourth stage - About 7 at 45 Mc/s.  Coupling is such as to give
a single-peaked response at this frequency.

(¢) Fifth stage - About 9 at 45 Mc/s. Arranged to give a double-
pesked response.

The overall response should be reesonably flat over the range 43 - 47 Mo/s.
The gains quoted above assume a screen voltage of 170 for the first four
veriable gain stages which is above that actually used.

LO8. The first L stages are run with a fixed negative bias of about 1.5 volts
on the grids. This voltage is obtained by tapping in at the Junction of R.34
(470 oims) and R.42 (33K.) placed between the stabilised -100V. rail and earth.

The fifth stage operates with auto-bias.

The Gain Control Valve, V.9

409. V.9 serves as a gain control valve. Details of the gain control circuit
are shown in fig.89. R.61 and R.62 in parallel are cormected in series with
R.57 mcross the 300V. line. The series combination of R.63 in the receiver
and the gain contral potentiometer in the switch unit, is in parallel with
Re57. Varying the gain setting then varies the D.C. potential to which V.9
grid is tied end hence the current passed by V.9 which is strapped as a tetrode.
The cathode is bridged in on the bleeder formed by paralleling R. 61 and R.62 in
serics with R.66 to epable V.9 to be cut off. The range of variation on the
gain control is as follows:i~

Max. Gain Half Gain Min. Gain

ﬁa Grid : 2.7 V. 10 V. 15 V.
b) Cathode 7 V. 12 V. 16 V.
%Q Anode 130 v. 70 v. 30 v.
Junction of Re.64 40 V. 80 V. 45 V.

and R.65 :

These readings were obtained on a D«C. scope with HeP» at 290V. and the
negative rail at -95V. For a higher H.T. level the readings would vary

accordingly.

Brfect of the Incerc Switch

410. Relsy C is used to switch the controlled screen voltage to the second
heed smplifier stage. If the Lucero switch ia set to "OFF" or "B + H", the
supply (coming originally fram the +300V. pack in the power unit) is completed
to the solenoid. The head amplifier screen supply is then campleted vie 18/12.
Tf the Luceroc switch is set to either B or BA the supply to the relay sclenoid
is broken at the same time as the H.T. to both valves and. the screen supply of
the first velve are broken. There is then no screen supply to the second head
amplifier valve when its H.T. supply is cut off. This is done to help push
up the maximm gain of the I.F. amplitude proper for the Lucero signals. If
the screen supply were left completed when the H.T. is cut off, the second

head amplifier valve would draw en increased caurrent from the gain control velve
and would thus lower the controlled voltage to the I.F. amplifier screens.
Preaking the screen supply reduces the loading on V.9 and thus raises the I.F.
screen voltages, and hence the I.F. amplifier gein. This is desirable since
the Imeero input is applied through the attenuating pad formed by R.1 and Re2.
The gein measured froam the brown Lucero input is out by half as compared with

the gain measured fraan the green He 2.5. imput.
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Tuning of the I.PF. Stages

411. TWhen a valve has been replaced it is desirable that the circuits
immediately before and after the particular valve should be realigned. The
tune frequencies for the various circuits are as follows:-

a) Imut circuit Preset

b} Coupling betwsen V.1 and V.2 47.0 Me/s.(itwo adjustments
e} Cowpling between Ve2 and V.3 47.0 Me/s.( " "

d} Coupling between Ve3 and Vel  47.0 Mc/s.( " n

e) Coupling between V.k and Vo5 45.0 Mc/s.( " "

f) Coupling between Vo5 and V.6  47.3 Mc/s.{ " "

A C.W. output fran a signal generator with an cutput impedence of 95 ohms
should be fed into one of the input plugs and the output observed on a high
resistance voltmeter connected across Re48 (5.6K.), the load of the diode
detector. Alternatively, a millismmeter may be commected in serdies with

‘this losad. In either case, to prevent feedback a filter should be uséd in
the meter lead. A .001 condenser cammected to ground followed by 220 ohms in
series and another .001 to ground will provide a suitable filter. The circuits
ere then tuned to give a peak with an inmput signal of frequencgy corresponding
to the particular circuit as tabulated above. The Durofix used to seal the
threads of the tuners will peal off easily if the screws is turmed gently at
first. When tuming is coampleted the screws should be resealed with a small

quantity of Durofix.

412. The ceutions outlined in para.403 with regard to changing valves
obviocusly apply equally well to thé I.P. amplifier.

Suppression

413. As the CV.114 TR switch will not flash=over inatantaneously when the
transmitter fires and does not provide perfect receiver isolation after flash-
over has occurred, there is always some transmjtier breakthrough into the
mixing chamber. This breakthrough is amplified by the head amplifier ateges
and applied to the first I.F. stage. The strength of this signal will be
sufficiently great to cause paralysis of the receiver if no provision is made
for rendering the receiver insensitive while the transmitter is pulsing. To
overcane this problem a suppression pulse is applied to the suppressors of the
first three I.P. stages. V.412 serves as the suppression generstor. Detailas
of the operation of V.412 are given in para.364. The suppression pulse is
developed across the anode load (R.470, 5K.). The diode, V.10, comected
between the suppression line and earth, serves to keep the suppressors fram
swinging positive at the temination of the suppression pulse. The position
of the suppresaion waveform wlth respect to the transmitter pulse is adjusted
by meens of the suppression preset an the panel on the receiver~timing wnit
until anly the tail of the tranamitter breakthrough shows on the height tube
(or momd tor 28) when the receiver output is scoped). For operatiom with Fish-

pond this setting may require modification.

The Diode Detector

L14h. The output of the final I.P. stage is applied to the cathode of V.6
(VR.92) which develops & negative-going output. C.38, L.17, C.39, L.18 fom
an I.F. filter which amooths the detector cutput to develop the video pulse
-envelope across the detector 1oad, Re48 (5¢6K.)e Cok40, Red9 form a 0.1 sec.
AsCe compling to the cathode follower, V7. This A.C. coupling prevents the
poasibility of Jamming by means of C.W. signal in the I.F. band-pass which