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NRC~-RB-1343 Range C.,R.0,
1344 C.R.0. Supply
1345 Sweep - One Channel Only
1346 Strobe
1347 H.V. Sweep Supply (Rangs)
1348 L,V. Sween Supvly (Strobe)
1349 TLow Voltage Supply and Regulator
1350 Oscillator and Pip Gensrator
1351 Recurrence Freguency Control
1352 Modulator
1353 Modulator Bias Supply
1354 Mamnetron Supply
1355 Range liotor Control
1356 Thyratron Control
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Wiring Schenatics

NRC-RI-2=-1 Block Diagram
L=1 # and #2 Power Supplies - ZPI
lg:i; C.R,T, Powsr Supply - ZPI
6-1 Regulators
7-1 ¢alibrator (16,4 Ke,) 10,000 Yds,
g-1 Scanning Chassis
16-3 Receiver Second I,F,
16-4 GL Suppressor for ZPI
16-9 Indicator Video
#130 R,F, Circuit of ZPI Monitor Receiver
#131 Power Supplies for ZPI Monitor Receiver
Pig, 27 Transmitter - 300 V, Power Units
28 " 1,000 V, Power Units
29 " Monitor
30 " Modulator
31 " High Voltare Rectifier
32 " Oscillator
34 " Lock Unit
35 n Block Diagram

NOTE - The parts list, in every case, follows immediately the
drawing to which it applies,
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LECTURE IFOTES ON GL MARK III C

GENZRAL OUTLINE

The Accurate Position Minder (APF) consists of a trailer carry-
ing the transmitter, receiver and indicating apparatus; it also carries the
firal stages of the Zone Position Irdicator (ZPI) receiver with its indic-
ating equipment, It is towed by a Four Wheel Drive medium truck carrying
the Diesel generator set, which is mounted on a wheeled carriage, The truck
is equipped with a ramp for loading and unloading the Diesel unit,

The APF hag three operatins positions; facing the front of the
panel, and in order left to right, these are: Elevation, Azimuth and Range,
with ZPi to the right,

The ZPI furnishes range and azimuth information which appears on
the Magslip dials in front of the corresponding APF operator, No elsvation
data is furnished, One receiver and one transmitter operator are needed,

The function of the APF is to take the information furnished by
the ZPI and use it to determine the location of the target up to a meximum
slant range of 17,000 yards, with an accuracy of +25 yards for range, and
1/6° for slevation and for azimnuth, This information is transmitted to the
predictor by a Magslip, ¥or range, a hich speed Magslip with 2,000 yards
per revolution, and a low speed Magslip with 34,000 yards per revolution,
is provided, For elevation, the high speed WMagslip gives 10° per revolution,
and the low speed 90° per half-revolution, For azimuth the high spsed
Magslip reads 10° per revolution, and the low speed 360° per revolution,
Provision is made to use Magslips calibrated in mils to provide information
for a Sperry predictor,

APF TNTRODUCTICN

Block Diagrams

The switch marked "operate-calibrate" is used to select one of
two sequences of operation: NRC-RB-1334 is a block diagram of the operate
sequence, and NRC~-RB-1335, of the calibrate seguence,

Operate Sequence

The recurrence frequency control (800-1200 c¢,p,S,.) furnishes a
positive wave of short duration which fires the modulator, The modulator sends
out a negative square wave through a low capacity line to the cathode of the
magnetron, causing the magnetron to oscillate, The 3000 iic, R,F, is fed to .

a half-wave dipole and reflsctor rotating at 1200 r,p.m., at the focus of a
48-inch paraboloid, The magnetron is mounted on the frame of the paraboloid,
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The modulator pulsc is picked up by a small vertical antcnna
mounted on the modulator chassis, This 1is anplified and operates a Kipp
relay in the sweep koying unit, The Zipp rclay furnishes & negative square
wave of sufficient timc duration to allow for maximum range, and keys the
sweep unit by causing tho tubec which short circuits the standard condenser
in the sweep circuit to stop conducting, Separatc sweep circuits and Xipp
relays arc nrovided for range and auxiliary cathode ray tubes, They are
duplicated, cxcept for voltage, since a long time bage is not necessary on
the auxiliary cathode ray tube, Both sweeps are controlled by the range
operator through a motor drive which varics the standard capacity and sweep
voltage with rangzc,

The scho signal is reccived by a half-wave dipolc which rotates
in thc geme planc of nolarization as the transmitting dipole, but which is
offset by 7/8" from thc central axis of thc paraboloid, This causes the
dipole to sweep in a cirele and honce the receiving beam sweeps & golid
angle in space, The signal is scnt through a short coaxial line with triple
stub matching to the crystal mixer, The local oscillator is a Sutton tube
located in the main rack, thc output being fsd to thc mixer on the roof
through a coexial czble, The rcsultant signal, at the intcrmcdiate frequency
of 30 Me, leaving the crystal, is then amplified by the proamplifier I.F,
on the roof and is sent to the main rcceiver in the rack where it is fed in
parallel to two I,F, amplifisrs, one for rangc and one for elevation and
azimath, The output of the range I.F, is amplified by the range video, and
transmitted to the rance crthodc ray tube, The elcvation and azimuth I.F,
feeds two videco stagss, oaxc for tho auxiliary cathode ray tube, and the
other for the two integraters, Lach integrator consists of two main parts,
(a) an amplifier-pulse shaper stage, and (b) a comparator bridge circuit,
Parts (a) and (b) are connccted through opposite segments of the guadrant
switch so that any diffcrences in signal strength between the outmuts of the
two segments appesar as an unbalance of the bridge circuit ané drec indiocated
on & meter., When tho tarpgct is in line, both slcvation and azimuth meters
read zero, The intcgrators indicate signal level averagcd over a short
time interval, thercby smoothing out random fluctuations of the received
signal, Thoy are nrotscted cgainst the effcet of extremcly strong signals
by the AVC with which the clsvation and azimuth I,F, is provided,

Two positive squarc wavcs are provided by the strobe chassis )
which operatcs frown the auxiliary sweop. The narrow strobe is sent to the
integrators to cusure that only thc signal at the ccntre of the range
cathods ray tube acts on thc ucters, This avoids nossible errors &as to
targcts, The narrow strobe ig availablc at the ovtion of the range opserator
or. both c.thode ray tubes, as is also the wide strobe, The wide strobe is
also sent to the main range I,F., in tine to rececive the signal returning
from the tarsct; in the abscnec of the strobe, the range I.F, is cut off
to prevent direct pick-up from thc transmitters from overloading subsegquent
circuits,

Calibrate Scquence

When the rangc oncrator desires to cheek the accuracy of his
sweep, he turns thec onerate-calibrate switch to calibrate, putting the
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following scquoncc of opcration into effect,

The transmitter is allowecd to fire, but the swesp is now triggored
by the rccurrence Trequency chassis in synchronism with the output of the
plp generator, A crystal controlled oscillation at 655,71 Kc, (250 yards*®
range) from the pip oscillator is shaped by the calibration pip generator
and then amplified, Tho oscillator runs continuously, but thc gensrator
operatcs only when calibration is desired, The amplified pips then appear
on the swesp at 250-yard intcrvals,

The range main I,F, is cut off, rcmoving an noise or signals fram
»

tho cathode ray tube, The intcgrators end tcst esthode ray tube ars left
running normally,

OPERATING INSTRUCTIONS

Choek line volts both sides of neutral, Note that all switches
are in correct position for operation, also that variac is at zero and
magnetron filament at "start",

Turn main circuit breaker on,
Check that light on resistor heater is on,
Note that over-voltage light is not on,

Turn on power switeh, The "first" light should go on, and after
15 seconds, off, A click should then be heard, cathode ray tube spot
should appear, and low voltage power supplies should give normal readings
when metored, At this time also the "first" light goes out and the "second"
light comes on and stays on until 15 seconds more have passed, when if the
tgtand-by" switch is closed, it goes cut. Cathode ray tubes should be
adjusted for brilliance, focus and contering,

Turn on "stand-by" switch,

Check magnect current meter,

Turn variac up slowly, watching modulator voltage and noticing
that modulator current is well within the scale, Bring voltage up to

about 10 kV, slowly,

After a few minutes, bring variac up until pulse current is 5
amps,, watching powsr supply mcters,

After a fcw minutes, bring pulse current up to final values
(about 12 amps, at 15 kV,) This may mean re-adjustment of magnet current
and variac,

Check crystal current and adjust it to above 600 {iamps,
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Contrc elevation and azinuth meters,
Set range to 2,000 yards,

Tune local oscillator to give best signal on range tube (keeping
ain low while¢ doing this),

Turn on clevation and azimuth motor switches,
Tind a good Tixed echo at as great a range as possible,
Again tune local oscillator,

Re-ac just variac and magnct to give best sigral., (liay need to
ad just local oscillator),

Cheek narrow strobe to sce that it bears correct relationship
to hairline,

Turn operate-calibrate switch to calibrate, and check calibra-
tion from 2,000 to 17,000 yards,

3ct manual zain and AVC by observing signal on test cathode ray
tube,

Notify JZPI that APF is rcady,

RICURRENCE FREJUINCY CEASSIS (see NRC-RB-1351)

Provides triggscring pulse for modulator and, when calibrating,
for time-base,

Wobbulator - When thc switch is thrown, condonscr charges through a

resistor to thc firing voltage of thc gas-discharge tube,
which discharges the condcnscr, A choke in the plate lead tends to slow
the condenser discharge rate, The resulting saw-tooth wave is applied to
the multivibrator grids,

Multivibrator -~ Opcrates with or without the wobbulator., Frequency is
controllcd by varying the positive bias on the grids of
the tube which can be varied betwecn 800 and 1200 c¢,p,s. The higher
frequency results Trom the more positive grids, Adjustments are vrovided
for the amount of wobbulation voltage applicd to the grids (modulation
amplitude) and for frequency of wobbulation (charging time of condenser),
The multi-vibrator output is esscntially square with sloping extremes,

Multivibrator with Wobbulation - The wobbulator wave varies the multivi-
brator grid bias to produce frequency

modulation of the output,

884 Thyratron - Firing voltagc can be determined by the negative bias on
the grid of the tube, C(necc the tube hag fired, the grid
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loses control, If a lar:e resistor is in series with the plate supply,

the tube will extinguish itself, if it fires at all, due to low »nlate
voltage, By placing a condenser to ground from the plate, the tube fires,
due to the condenser charge, and duration of firing will depend on the size
of the condenssr, The condenser recharges between pulses on the grid, If
the grid remains positive for a lengthy period of time there may be a

small series of firinpsof extremely low armplitude, since the condenser will
discharge as soon as it has charged to the tube firing voltage, Thus there
is only one main firing of the 884 for each positive swing of the multi-
vibrator square wave,

Modulator Pulse - The 884 in the upper right hand corner of the diagram
fires as described above, Trom the cathode a positive pulse of short
duration and about 100 volts amplitude is sent to the modulator, From this
same cathode @ similar nulse of much lower amplitude issent to the ZPI
receiver, where it is used to blank any interfercnce of the APF with the

ZPI receiver,

Calibration - When calibrating, the sweep must be trigsered by a calibration

pip if the pips are to be notionless on the time base, IF
this triggering were done directly then the sweep would start and would last
about 100 microseconds, at the end of which time the Kipp relay would remove
the sweep, A calibration pip would at once re-trigger the sweep and so on,
This wold zive 2bout a 10,000-cycle sweep instead of the usual 1,000, Some
means rust be drovided to synchronize triggering, bv ..eans of calibration
pip, with the rceurrence frsguency,

Calibration pips at a frejuency of 655.71 kc, enter at the
point Z, These are fed to the cathode of an 1852 (impedance match) and
come from the nlatc to the grid of the output tube at the lower right,

The calibration pips also go to the srid of an 1852 and the
amnlified negative pip shock excites achoke, The resulting damped train of
oscillations is fed to the grid of the 88/, together with the multivibrator
wave, The first positive swing of one train of oscillations will fire the
88 a small interval of time ahcad of its firing from the multivibrator,
This only occurs when the multivibrator wave is positive and therefore can
only occur once per 1,000 microseconds,

A positive pip is taken Trom the 884 cathode to the plate of
a 6X5G, where it mects a negative voltage obtained from a bleeder Ifrom the
~-150Vpower supply, The diode will cut off any excess voltage possessed
by the pip above the value of the negative voltage, and hence the voltage
of the suppressor on the output tube is brought to ground for about itwo
microssconds every 1,000 microscconds,

The delay through this circuit is so arranged that if one
calibration nip brings the suppressor of the output tube to ground, the
next following pip will bc on the grid, will be amplified, and will come out
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as a negative pip. Only one such pip will be passed by the output tube
every 1,000 microsegonds, and is used to trigger the sweep when calibrating,

1:0DULATOR (see NRC-RB-1352)

This chassis provides a strong negative square wave at 1,000 c.p.s.
which is uscd to provide plate voltage for the magnetron,

The input 884 is triggered by thc positive pip from the 884 in the
recurrsnce frequency chassis, and a damped train of oscillations is set up
in the primary of the input transformer, The first positive swing from
the damped oscillsation in the secondary triggers the second 884,

The arrangement of chokes and condensers provides a means of
timing the dischargs., The outnut at the cothode is a flat top, positive
wave,

The second 884, 807 and 813 are mounted on a specially insulated
chassis with low capacity to ground, Since the cathodes are tied to this
chassis, the chassis becomss positive with the cathodes, All tubes are
biased to cut-off, The 807 conducts on the positive wave from the 884 and
in turn this raises the potential of the whole chassis, and thus also raiscs
the potential of the 834,

The 813 conducts on thc positive wave from the 807, and again
raises the chassis potcntial, which raises the potential of the 884 and 807,
Thus power and voltsge amplification are both obtained,

A diode is wnrovided to remove any damped train of oscillations
(these have a ncgative first swing) at the grid of the 304TH driver, The
positive squarc wave from the 304TH cathode overcomes the -1500 volt fixed
bias on the output 304TH's, allowing them to conduct, Their plate voltage
drops from about 15 kV to about 500 volts, and the resulting negative square
wave is sent to the pulsc line and then to the magnetron cathode through
a ,06 pfd condenser,

The pulse current meter passes no current on the actual pulse,
but reads on the flow of current to the condenser betwcen pulses, The 1l ufd,
condenser holps to keep the mctor reading constant,

The pulse line consists of a large gelvanized pipe with a bare

#14, wire passing through its centre, This construction gives high insulation
with low capacity,

1ODULATOR BIAS SUPPLY  (ses NRC-RB-1353)

Providcs +4,000 volts for the plates of the 813 and first 304TH,
also ~1,500 volts for output bias, This chassis also providcs +1,000 volts for
all the bleeders in thc modulator,
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1IODULATOR EIGH VOLT'.GT 3UFPLY (sce NRC-RB-1354)

This voltazc doubler circuit provides +15 kV to the plates of
the outnut tubc, A variac is provided in the high voltage primary (30
second time declay) to allow szradual turning on of high voltage,

MAGN.STRON

The magnetron consists of a copper block with a number of hollow
chambers connectcd by slots to a central cavity containing the cathode,
The cass %3 kept at ground and the modulator pulse rovides a negative
potential for che cathode,

A ma;netic field is applicd by an elcctromagnet along the axis
of the catiiode, The rosulting Torces set up R,F, oscillations in the
resonant chambers, The frequency is determined by the physical dimensions
of the cavitics and the output is taken by & loop in any of the cavities,

SWEEP KUYING UNIT (see NRC-RB-1345)

There are two possible inputs corresponding to two positions of
the "operate-calibrate" switch,--one from a small pick-up aerial near the
rodulator, the other from the recurrence freguency chassis, Both inputs
are negative and either can be applied to the first 1852 grid, The first
tube amplifies, and its positive output is applied to the second tube, which
is biased lower than the usual two volts (160 ohms in cathode), The negative
amplified output is fed to the grid of the first tube in the Kipp relay,

In this Kipp reclay the first tube conducts heavily with no bias
and its plate voltage is thercfore low; the screen is fixed at 150 volts to
avoid fluctuations in screen current and, therefore, in screen voltage, due
ce diffcrent conditions of conduction, The sccond tube is kept far below
cut-off by the 105 volt positive cathode bias,

The zrid of the seccond tube thereforehas-105 volts bias from the
cathods, and a positive voltage from the platc of the first tube, The plate
rcsistor of this first tube i1s chosen so as to produce a voltage at the
grid of the sccond tube that will keep it just below, but close to, cut-off,

If the negative pip is applied to the grid of the first tube, it
conducts less heavily; its plate voltage rises; the sscond tube goes above
cut-off; its plate voltage drops, and this decrease in voltage is applied to
the grid of the first tube through the ,0005 j.fd cordenser.driving the first
tube to cut-off and the second goes to saturation, This condition lasts
for a period of time determined by the RC constant of the ,0005 1fd condenser
and the resistors to ground from the first grid. The oubtput taken from the
second plate will therefore be a negative square wave which is used to trigger
the sweep keying tube,
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SWEEP CIRCUIT

Range is calibrated by measuring the tine taken for a condenser
to charge up to ground potential while a nulse is travelling to and return-
ing from the target appearing at the centre of the cathode ray tube, If
the condenser charges through a constant resistor R, then the time of
charge will be a linear function of condenser capacity, and hence condenser
capacity is a measure of range and can be so calibrated, The condenser is
allowed to charge from a voltage -E to ground when the spot will be at the
centre of the cathode ray tube, The charging curve of the condenser is
fairly linear through this voltacze, but brilliancy would vary with range,
since the sloe of tlhie curve is dif’erent at different ranges. To overcome
this effect the Toltage -i is made to vary linearly with range, and bril-
liancy and expansion are kept constant,
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In the simplified diagram above, point 1 will be at ground if

Plate 1 of the cathode ray tube is at ground. If the 807 sweep trigger
tubec is conducting heavily then point 2 is at -E, except for the voltage
drop across the 807. If the 807 is suddenly cut off by the negative

pulse from the sweep keying unit, the condenssr starts to charge, and plate
2 of the cathode ray tube increases in potential from -<E up through ground,
producing the time-base, The rheostat provides compensation for the
voltage drop across the tube,

Since R must be kept at its exact value, it is placed in a
thermostatically controlled oven and is made up of a number of smaller

resistors in series. A blower keeps the air temperature in the oven even
throughout,

C is 2 precision type straight line capacity condenser varied by
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motor control,
The complets sweep circuits are in duplicate and the condensers

are rotated by the same gearing controlled by range operator,

1.0W VOLTAGE REGULATED POWZR SUPPLY FOR SUERP XHY CIRCUIT AND VAGNET (see
NRC-RB-1349)

Since the Kipp relay is very critical and Jf the plate voltage
should rise might Tire itself, this supply is used,

Tive 2A3's in parallel (60 mils each) are placed in series with
the high voltage supply. The bias on the 2A3's is the plate voltage of ths
1852 whose plate supply is the 300 volts output, The grid of the 1852 is
connected to +150 volts on the bleeder at the output, and to -150 volts
from the regulated powcr supply, For manual control the potentiometer can
be set to give desirsd value of conduction in the 1852 and therefore bias
on the 2A3's and hence desired output voltage,

If the outout voltage should rise, the 1852 would conduct more
heavily because of its more nositive grid, its plate voltage would drop, the
grids of the 243's would be less positive, the resistance of the 2A3's
would increase, znd the output voltags would be restored to its original )
lower value,

This supply provides current Tor the magnet also,

RANGE SWEZP POWHR SUPPLY (sce NRC-RB-1347)

nwo 1616's are connected in a voltage doubler circuit to deliver
4,000 volts to the plate of the 304TH, of which only one half is used,
The 304TH is in series with the hish veoltsge output and its bias is ob=
tained frow the vlate voltage of the 813 coutrol tube, Automatic and manual
regulation is obtained by controlling the bias on the grid of the 813,

The 6K potentiometcr, towards the bottom of the diagram, is driven
by the range swzep geariug to vary the output voltage to the sweep from 500
to 4,000 volts linearly with rangs.

Mo sot these voltages range may be turned o maximum (6K control
potentiometer towards bottom, or negative end), At this setting the 813
conducts leasgt heavily, and outyut voltage should be marirum, The 100K
potentiometer or the 813 grid is then set to produce the desired voltage,

If the swecp is then turned to minimum (6K potentiometer towards
the top or least negative end) thoen the 6K "expension" potentiometer is ad-
justed to give desired minimum voltage, This 6K potecntiometer will have
little effect at maximum range,
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This powor supply has no dircet ground conusctions and tne
serecn voltagefor the 807 sweep keying tubc is obtained Trom the output
blscder, Automatic voltage rcsgulation is obtained in a fashion similar
to that described above under the lov veltage supply. Provision is made
to substitute a tapped bleclor instead of tho 6K motor-driven poteutiometer
to g£ive an arbitrary outpubt voltuje for sweep contraction when scarching,
Tig bleoeder is cut ir by thc swcep contractor switch,

TEST CATHODE R4Y TUDT AND STROBW STHIEP SUPFLY (see NRC-RB-1348)

This supply is identical with th. one dcseribed above, except
as follows:=-

The powier supply is full-wavs roctiricd and of about 2500 volts,

Thers is no sweep contractor switch, laxinum and minimum voltages are
about 300 - 2400 volts,

CATHCDE RAY ‘TUB%E POTIR SUPPLY (sec NRC-EB-1344)

onc supply is used for both tubes, The filament transformer:
has a sparc winding and is highly ingalated,

CATHCDE RAY TURK COINIZCTIONS (sce NRC-EB-1343)

Volt:rcs to cathodc are: grid -125 volts to ncarly 0; focussing
anode about +400 volts; anodc 2 at about +2000 volts (ground),

Tor vertical ccntoring two ganged potuntiomcters are connected
across the =150 volt and +150 volt powor supplics (note that the other sides
of thesc supplics arc at ground, and potential across potentionmoters is
300 volts), This providces rush-pull potcntials Jor centering,

Since range is measured when the clcctron spot is at the centre
of the tude, (the deflcction plates arc at the same potential) horizoatal
centering is neccssary, To avoid possible interference with the sweep
voltage the centering is obtained magnctically, A coil around the neck of
the tube has one grounded cnd and the other cnd is connceted to a poten=-
tioncter across thc =150 volt and +150 volt supplics. Currcnt can be sent

in cithor dircetion throuh the coil, A switch (horizontal ccntering switch) °

is uscd to short tho plates and thc spot is centered with the horizontal
centering notentiomster, If thc video or pip amplifier is opereting when
this switch is uscd, a verticallinc will appsar on the cathode Tay tube
which can be casily aligned with tho cross-hair,

It is dcsircd to have thc cathodc ray tubec show sweep when
there is no strobc comncetod to the grid, and if the strobe is connceted,
to rospond to its action, The diode and 10 megohm resistor are for this
purpose, Turn thc brillianey to pormel with no strob¢ connceted, low
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conncet either strobe wave (thc two cathode ray tubc arids are in parallel and
a switch sclscts tho strobc wave dosired), 'me condenser charges during
strobc pulscs through the GH6 diode, After the pulsec passes the charge from
the condenser leaks off throush the 10 mcgohm resistor, producing ncgative
potentiel at the grid and oxtinguishing tho sweop. This will last for 1/10
sccond if no further strobc waves appear, and the tube will respond to strobe
pulses if they are present,

CRYSTAL I"TXER

Crystal - By the usual equation for a non-lincar mixer we can show that when

the voltagc applied to tho crystal is made up of two sine weve
oscillations, scveral differcnt frequencies, cmong thoenm the I,F, desired, and
a D,C, arc produccd, 1fost of these pass to ground at vhe grid of the first
tube in the pre ILF,, the 30 megascycele I.T. alone passing througl this tube,
due to the tunsed choka,

Cryatal Current Mcter - Reads the D.C. componsnt of thc mixer output and con-
sists of two metors (one on the roof and the other on
the rack) conncetcd in scrics with the tuned choke on the first pre I,¥, grid
and by-passed by a condcnser, Thesc meters should read 600-1000 fiamps, To
obtain this rcading two adjustmentsicny be made. Firgt the amplitude of the
beat oscillation can be controlled by thc voltags control potentiometer on the
Sutton tubc power supply (crystal currcnt control), and secondly, by the beat
oscillator injcctor on the transmission line, Note that the meter reading is
mainly dependent- on strength of beat oscillation rcaching the mixer and the
reading is practically indcpondent of corruetncss of Sutton tube tuning,

To tunc triple stubs, sot all three to their centre

position (1/2 wavolecngth) and try to locate a good fixed echo, Adjust them, |
one at a time, about the centre position, watching the picture on the range
tube or on a specizl monitor recciver on the roof until the best signal is
obtained, A voltmeter mcthod may be uscd as an elternative,

LOCAL OSCILLATOR (scc NRC-RB-1337)

The local oscillator is a Sutton tube, At a certain potentinl
conditions ars correct to rcturn the clectron stream, which has been bunched
on its passage past the resonator, in phase to reinforce the original R,F.
field which caused thc bunching, This voltage is critical and once found,
must be maintained by rcgulation,

A 2,000 volt power supply, full-wave rcetificd, has its negative side
comnected to onc end of a bleeder and the pesitive side to ground through an
807 tubs and a milliammetcr, The Sutton tube has a resonator connected to
ground and the cathode is strongly ncgative, The grid, which contrels the flow i
of elcetrons, can be arranged at cathode notential or slightly negative, The
first anode is tied to the cathode and the reflcctor can be varied from cathode
potential to slightly positivc with rcspcet to it. The grid should be set to
give about 7 milliamps on thc meter ond oscillation is indicated when a slight
nick occurs in the mctor reading, A bleeder, connected between a regulated
+150 and a rcgative voltzze from the bleeder, allows grid bias to be adjusted,
and thereforc the critical velteges for oscillation to be found., Any changes
in the high voltagc power supply will change this bias, and thercfore the 807
resistance, to compcnsatc for the changc and meintain constant voltage,
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The frequency of oscillation depcnds on the dimcnsions of the
resonator, The amount of oscillation dcpends on the voltage, and since
tho Sutton tubc output is largsly rcesponsible for the crystal current
mcter reading, the metor re -ding is, within limits, independent of whether
tuning is correcct or not, To obtain corrcet tuning to give an I,F, of
30 ¥e,, coarsc and rine tuning stubs arc provided, thc fine onc being the
tuning control on thc main pancl. The R,®, is carricd to thc injsctor
which ontcrs the transmission linc and is capacity coupled to ity Jjust
bcefore the mixer, The pick--up loop is grounded inside the rcsonator
cavity and must be disconnccted if the linc is to be tested for a short-
circuit,

I.F, PRE-AWMPL PITR (secc NRC-RB-1330)

If the signal as scen on the cathode ray tube is to have a build-
up time of 1/10 microsccond, wide-band amplificrs must be used, since a
wave front of this sharpness contcins meny components of high frequoncy.
A bandwidth of 10 l¢, is desired,

The I.F, amplifier design which is similar throughout the pre
I,F, and main I,F,, obtains bandwidth at thc expense of gain, This requires
many stages to obtain the desircd overall gain in thc receiver of 20,000,000,

Tuncd chokcs with specisl metal corcs are uscd for tuning, (These
are the prossed iron dust type). About one-quarter of the signal voltage
developed is fcd back out of phass from the plate, This weakens the signal,
but broadens the band, Condenser sizcs arc corcfully choscn, and de-coupling
filters arc provided to kcep R,F, out of thec powsr supply.

The actual bandwidth is about 16 llc, with a gein of about 61 in
the thrcc amplification stages. The final stage is a coupler for the
coaxial line to the main recciver in the rack, The prc I.F, is thus not a
pre-amplifier in the usual scnse, but is rcally part of the main I,F,
channcl, It is locatcd on the antenra structurs, immsdiatcely behind the
rccoiving paraboloid, and is used to provide sufficient gain to overcome
losscs in the line down to the rack,

MATN RECHIVER

Thc R,F, signal at 30 l¢, is fcd in parallel to two I,F, channels,
The main recciver comprises a rerge I,F, channel, an I,F, chennel for az-
imuth and elevation, both second detectors, videos for integrators, test
cathode ray tubc, @nd AVC, Part of thc first stame of the range video is
also included,

Renge Channel (see NRC-RB-133%) - This consists of five stages of
I,F, amplification similar in
construction to those in the pre-I,F, Gain is ecatrolled manually by
variation in the screcn voltages of all tubes, Over=all gein in this
amplifier is about 5,000, and thc gain at its input *s about 40 (a loss of
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20 occurs in the line from the pre I.F, to the main receiver), Gain is
thus about 200,000 to the second detector, The range I,F, is strobed on
the suppressor of the fourth tube to avoid overloading of the video by the
gsround pulse, %When the switch is comnected in top position, the suppressor
1s grounded and the tube would operate if the sirobe wus off. In the
middle position of the switch & negautive voltase is picked off the bleeder
and applied to the suppressor which will then cut off the tube between the
positive strobe pulses{ In the lower position shown, the suppressor would
be at -150 volts, cutting off the tube, since the strobe voltaze would not
be great enough to overcome it,

The negative output of thc 6Hb6 second detcctor is fed to the grid
of an 1852 video stage, whose platc load resistor iz located in the range
video and pip amplificr chassis, Discussion of the range video design
will be undertaken when that chassis is studied,

Azimuth and Elevation Channsl (Sce NiC-RB-1339) - The fundauental
design of the I.F,
portion of this channel is identical with the range channcl, but no strobing
is provided and thc menual gain control rc-oulates sercen voltage on tae
first two tubc.s only. The suppressors of all tubes are connected to the AVC
line (sse¢ below),

The nogntive output of the 6H6 detector is amplified by the 1852
video staze and sent in »arallsl to three different channcls,

For the integrators, an 1852 tubec provides an impedance mnatch for
the connecting cable, The middle tube on the right of the diagram providecs
voltage amplification for thc signal to thc test cath ds ray tube, The
AVC 1852 at the top receives a positive signal, and if bias on grid is correct
will pass a nogative amplificd signal to the cethode of the diode, The
nagnitude of this signal can be adjustcd by the 10K potcentiomster on the
~-150 volt blecder, The negativc outout of thoc diode is applied to the
supprossors of the threce middle tubes in the I,F, and due to the long time
constant of the condenser and the rcsistor from the diode plate to ground,
the output will oe maintained as a slowly varying potential rather than a
geries of nogative signals, These videos are of narrow bandwidth, since
stcepness in wave front is not necessary in this channel,

Careful adjustment of the AVC bias is necessary since the AVC
operates as a signalliniter, and if sst to overate on too weak a slgnal
would vrevent thc desired increase in signal strength when dirsction finding,
The usual procecdure is to bias out the AVC action, sct the manual gain on
a strong signal to the desired level (observing the tust cathode ray tube
while doing this), then adjust AVC until it is ssen to just take hold of
the top of the signal, AVC action is ncecesary to prevent overloading of the

integrator on sudden loud signals,
IITEGRATOR (sce NRC-RB-1341)

If the antcnna patturns of two different antennas have a common
point of intcrscetion, then by attaching two reccivers and comparing their
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outputs we could find the azimuth (or elevation) of the target, Nelther
aiernl would necessarily be at maximumg it is their equalivy that determines
the true direction, Unfortunately =t 10 cm, the signals change amplitude
between individusl pulses so &s o mcpder this gystem immractical, Also as
discussed velow,this system would need four receiving asrials, aad by the
uss of the quadrant switch and rotating divole we now need only one receiv-
inz aerial, The function of the integrator is to average the two signals
under comnarison ..nd compare the amplitudes of the averazes. The trans-
mitting and rsceiving dipoles are rotated about about 1200 r.p,m, and the
receiving dipole is offset from the axis of the paraboloid, The receiving
antenra nattern therefore is a continuously sweeping ons, and if any two
positions 180° apart are sslected and at one instent the pattsrn is regarded
as [rozen, and a few moments later in the ~ther vos' ' lon, it is again
regarded as Irozen, the result will be two inter-locking patterns corres-
pondinz to two separate acrials, A switch synchronized with the dipole
rotation will perform this freezin, action by connecti:g the roeceiver output
for an instent when the dipole is in thesc positions, Thc opposite palr
act as the other two aerials, The intcgrator averazes and compares two
signals fed %o it and can be used on two separate asrials instead of the
nore economical single asrial and quadrant switch system,

The positive input From the video 1s applied to the grid of the
first 1852 tube which is biased to -4 volts when the votentioncter is at
the -150 end (the 2K and 75K bleeder does this) and the negative amplified
output from the plate of the tube is apvlied to the ,002 pfd condenser,

The rates of charge and discharge of the condenser ure quite diffeient
becaunse of the relative resistances of the diode and the large resistors on
the grid of the second tube, The result is a positive sonewhat saw-toothed
wave on the grid,

This signal is taken off the cathode at rcletively low impedance to
ground in casc the switeh should ever nresent & low impedsnce path, The
positive signals will have a D,C, equivalcnt depondent on their area (height
and width), The hcight is dcpcndent on sisnal amplitude and is AVC'd, while
the width depends on the setting of the "scnsitivity” potcntiometer. This
D.C, compozent is allowed to charge the 2 11fd, condensers through rosistors
and the componuut itself will slowly rise and fall depending on the signals
reccived, but individual signals will not have a rreat effcct on it, In
addition, dus to the resistancc in scries with the condensers, fluctuations
in the D,C, component will tend to be smoothed out, The result is a swooth
averaze ol voltaze resulting from repidly fluctuating signals, The resistor
(25K "delay") can be set to produce Zelays of 0,2 - 0.o seconds when we take
into account thc total R and C of the eircuit and remcwber tiat the switch is
only conunected for 75° per quadrant or 1/5 of ths time, Since it is desired
that cqual signals should charge the condensers to equal voltagss, any
differences in the R to sach condenser would rcsult in the condensers rcecciv
ing their charges at different times if a change occurred. A 10K potentiomecter
("Switch Compensation®) is provided to equalize caerging times,

The voltage difference betwcen thc condensers is nczsured by the
balancsd voltmeter V,, Ve which has a very high effoctive common cathode
resistance (constant current tubc V4) which makes thc voltmeter insensitive
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to diffcrecnccs in tube characteristics when the voltage of 05 and Gg vary
in unison (varying signal intcnsity),

A switeh is provided on the grids of the two 6F6's which, whon
closod, places tho grids at egual potenticl to allow adjustment of the 1K
136t Zero! potentiomcter for zero rcading on the meter,

On the grid of the first tube a mock signal potontiometer is
arranged which, if turncd towards ground, sends a positive-going voltage on
the first grid, This will test for equal delays on both sides of the
quadrant switeh and allow for neccssary adjustment,

Selenium cells arc provided to produce a logarithmic loss of
sensitivity in the meter as rclative cathodc potunti-ls inercase, This means
that 1/4° errcr in angle produccs l/2-scele deflection while full-scale
deflection nay msan several degrecs,

One intcgreteor is provided for cach of azimurh and elevation,
The signal for rangc does not pass through the quadrant switch, The quadrant
switeh is gear driven by the some drive thot rotatcs the dipoles and the same
cam controls all four contacts, Adjustment is provided for the lensth of
time contacts arc closed during a revolution, Use an ohmeter -- a correct
adjustment for 75° (1/5 revolution) would be indicuted by a reading of 20%
of thc scalc,

RANGE VIDZ0 A’PLIFIZR (sce NRC-RB-1340)

This four-stagc amplifier (first tube is in the main receiver) is
designed for a bard pass of from 40 c¢,p.s, to 8 Me, Chokes in plate lsads
maintain iinedance at high frequencivs, Tixed bias on the grids is used,
Mogative output to the cathode ray tube is kept at low capacity to ground
to aveid distortion of signal, The gein is about 100,

STROBE (sce NRC-RB-1346)

Since the azimuth and elcvation operators follow mcter indications
when direction finding, and have no kuowledge of pessible interfering echocs
excopt on the test cathode ray tube, some mcans must bc provided to provent
elther or both following a different target than that sclccted by the range
operator, It would bec desirable if the range operator cculd select the
target, nots the tinc arter the firing of the transmitter (range), turn on
tho azimuth and clevation recciver a few microseconds before this time, znd
turn it off a few microsccerds after this time, Thig would obviate the
following of wrong targsts since only the echo from that target sclected by
the range operator would reach the anglc indicating mcters, This turning
off and on is done by a positive squarc wave which occurs just before and
lasts until just after the electron beam has crossed the heir-line on tho
range cathode ray tube since the time taken for the spot to reach this point
(sweep at ground) is controlled by the range operator, Then if the square
wave can be formed from the swsep voltage, and is symmetrical around the
ground point on the sweep, the switching process can be carricd omn.
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The sweep voltage 1s applied to a voltage divider (one twentieth)
to the 5rid of the first 1852 tube, A 5 yF condeuser prescrves wave shave
since the lower part of the bleeder is by-passed by tube capacity., The
plate voltazec of the tube, which was at cutoff until the sweep voltage
reached the cutoff value of the tube, falls until the tube reaches saturation
at a little above zero (ground) on the swcep, and rides at its lowest vealue
while the swcep voltags soes on up., The small time constant of the ,0005
pfd, condenscr and the 10,400 ohm recsistaence causcs the voltaze wave to be
restored to its original value, 4t thz grid of the sccond tube we have an
approximatsely V-shaped nesgative wave reduccd in voltage by the blscder
effect of the 10 and 400 ohm rcsistors, he output of the second tube is
a positive V-shapcd wave of fairly hi;/n amplitude,

The inpst to the wide strobe (top two tubes in the diagram) is
positive V-shaped wave, If the negative bias on the grid of the 1852 tube
is high, thcn the input voltage must rise to nsar thc top of the wave before
the tube starts to conduct, will rise several volts wore when the tube goes
to saturation, and it stays thcre until the input wave riscs to maximum
and falls back to cut-off, The resulting plate volt = wave will be a
negative, flat-topped "squarc" wave whosc contral point corresponds to the
point at which the first tube in thc chassis went to saturation, which was a
little after the swsep was at ground, Bias adjustment is provided on this
first tube to vary the centr:l point and thereforc centre the strobe wave,
The negative output of the first wide strobc tubec is amnlitied by the 307
{used bscausc oi its large zrid swing) and the positive ampnlified scuarc
wave i1s applied to thc cathodc ray tube ¢rid switch and the »anpc main I,?, The
width of the »Hulsc will devncnd on the bias on ths first widc sirobe tube
sincc this bias determines thie plicc on the V-shape wave at which the tube is
driven to saturation,

The first tube in the narrow strobe is arranged exactly as deg-
cribed above oxeept that positive bies is applied to the cathode, It is
usually biascd to produce a much narrower wave than in the wide strobe, The
negativec outnut of this tube is amplifiecd by the 807 and its positive output
is applicd to a pair of CO7's in parallel, with fixed bias, which provide
low impedance power amplified positive output, The cntire voltage is sent
to the screens of ths Tirst tubss in the two integrators, ard the screens of
the AVC and test video 1852's, A portion of the voltage is provided for the
cathode ray tube grid switch, ‘

PIP OSCILLATOR AMD GEINZRATOR (ses NRC-RB-1350

Sone mcans must be nrovided for checking the accuracy of the range
indications, sincc if any couponcnts have changed value siice the original
calibration, errors will be introduced, If the time-base wire only five
inches long, this calibration could take thc form of some kind of a cursor,
but due to the lcongth of the time-base some electrical method is necessary,

The first tube is arranged as a crystal conirolled sine wave
oscillator of high accuracy with a frejuency of 655,7 K¢, The tine of one
completc oscillation corrcsponds to a rangs of 250 yamis, or a total travel
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of the R,F., of 500 yards, The 95 microhenry choke in the plate lead is
tuned to approximately 655 Kc, by condensers, one of which has a negative
temperature coefficient, The shock cxcited oscillations of this coil are
fed back through tube capacities to the grid and cause oscillations of the
655,7 Kc, crystal, The oscillations of the crystal arc then amplified by
the tube and control the exact frequency of the output,

Since the output of the first tube cxceeds the grid swing of the
sccond stage, it is squared top and bottom by the second stage, and again
by the third stagc, These successive clippings of thc original since wave
mean that the output of the third tube is fairly square since it represents
a vory small slice of the sine wave near its contre, much amplified, This
sguare wavc is applied to an RC of s=mall size, and thc resulting pair of pips,
both positive and ncgative, have stoeply rising fronts and gxponential
tails, ‘tThe third tube is supplied with positive bias on the cathode and
hence passes only the positive pips; at hi-h values u. bias it passcs only
the tips of th: positive pvips. The negative output is fed to an 807 and the
final output is an amplified serics of positive pips spaced 250 yards apart
in range, This output is sunplied to both the rccurrence frequency chassis
and the pip amplificr,

One gang of thc "Opcrate-Calibratce" switch is so comnnected to the
bins blceder on the fourth tube as to bias the tube below cutoff (cathode is
placcd farther up the blceder) when operating; or when calibrating, part of
the bleeder is shorted to ground, reducing the bias to a desirable level,

PI2 APLIFIIR (see NRC-RB-1340)

A pair of 1852's arc connected in parallel to form an amplifier
with wideband characteristics, The supprcssors when opcrating are at -150
volts and when calibrating arc groundcd through eithsr a manual switch to
ground ("continuous") or a mechanical switch geared to the range motor
control whel2h grounds the supnressor whenever a calibration pip is in the
ncighbourhood of the cross-hair on the range tube ("flash"), This flashing
of the calibretion pips is to mske the process of counting pips, when
calibrating, much casicr,

When calibrating, the range is sct at 2,000 yards and the 2,000-yard
pip is located by turning off the "stand-by" switch which allows the sweep
to collapse, Thc range is then advanced to maximum and the pips countcd,
If errors are found they are corrccted by trimmers on the standard condensers
and by small variations in the valus of the standard resistors, rFor sxact
proccdure consult Instructiom for GL Mark IIIC,

POWER SUPPLIES

The Modulator High Voltage and Bias Supplies, the Range and Tcst
Sweep Supplies, the Rcgulated Low Voltagc Supply for the swecp kceying unit,
the Sutton Tube Supply and thc Cathode ray Tube Power Supply have all been
described above,
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In addition to these, two Low Voltage and Bias Supplics (+300
+150 and -150 with outputs parallcled) arc provided for general supply
of thosc voltages ©o all chasscs using them, (Scec NRC-RB-1342.)

The Thyratron Motor Control chassis has a +250 volt powcr supply
for motor fields and chassis supply, as well as the -250 volt supply,

RANGI MCTOR CONTROL (see NRC-RB-1355)

To provide smooth control over wide limits of specd of the
rotation of the standard condonser in thc sweeps end to provide accurate
maintenance of any given speed, this circuit is used,

A scrics ficld A,C, motor is connceted in s ries with the primary
of a step-up transformer; mechanical switches are provided to reverse the
field and hence the motor, Any charnses in the impedance of the transformer
secondary will be reflected into thc primary and hcucc will change the im-
pcdance in scrics with the motor,

A pair of 2A3's arc connccted across the seccondary, and the
plato current of whichcwer tube is condueting on the A,C, swings, will flow
through the transformcr sccondary, 4n 1852 tubc, whosc bias is controllad
by the operator's slow spced motor control on the pancl, has its plate
tied to the 2A3 grids and hence controls thcir bias, Tor high motor speed
(low impcdance in transformer) the 1852 tuove must b conducting very little,
Jrder these conditions 1852 plate voltauc is high, and 2A3's conduct
hecavily, Tho current is high in the transformer and impecdance is 1ow,
hence motor speed is high,

To maintein a constant ratc of specd a small alternator is con=-
nected to the motor shaft and its output fed back to the 1852 grid, The
positive swings have morec influencc on the 1852 tube than the negative one,
due to bias conditions, If for any given bias the motor should spced up,
the 1852 tube would conduct niore heavily, which would dccrease the
current through the 243's, increasing the treansformer impedance and slowing
the motor down agein,

Limit switches are providcd to prevent over-running the condenser
maximurt and minimum limits, The switeh for revers sing the field is ganged to
the operatorts control,

A high specd motor is provided without svpced control to allow
quick changes in rangs,

THYRATR(N I'CTOR CONTRCL (see NRC-RB-1356)

If thc Thyratron gas discharge tube is supplied with A.G, plate
voltage and tho grid bias is sufficient to ellow the tube to fire, the
output will be a curies of "bumps®" of currcnt, A D.C, motor can be run
on the averagc value of these and 1ts speed will be dcpendent upon the area
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of tho tube output curve, The motors uscd for rotation of thc hut for
nzimuth, and tho control of the antecnna structurc Tor elcvation, are each
pvrovided with this type of control,

The plates of the Thyratron er; fed scveral hundred volts A,C,.,
t0-cycle, and two Thyratrons ar:c used to provide both directions of motor
rotation, Tho tubes uscd arc FG57's or FG27's, which have identicel
characteristics cxeept that the 7627 tubc has a werm-up time of only one
mirute,

Ths grids of the Thyratrons have throe difforent voltages applied,
first, a fixed D,C, bias cf “bout -70 volts, scecond en 4.C, out of phase
with thc 4,C, on the plate, end third a 5 Ke, oscillation, The only voltage
that can bring the gria up to the firing point is a sositive swing of the
5 Ke, oscillation, 1If the 5 Ke, is of high auplitude, the zrid will be at
firing voltage garly in the positive swing of thc plotc voltage and rwuch currcnt
will be passed by the Thyratron, If the 5 le, ampliiidc is medium, then the
Thyratron will {irc towards the mid-point of the platc cyele, and a mcedium
speed will rcsult, 47 ths 5 e, amplitude is cxtremely small, then the
Thyratron nay not fire at all, By this systom minute diffcrences in motor
speed can bc obtained, Since the wholc circuit is in duplicate to allow
both dircctions of rotation for the motor, we shall discuss only one nart of
the circuit,

The fixed D,C, bias is obtained from a power supply whose positive
side goes to tle Thyratron cathode, and which is voltage regilated at 105
volts, The 15 potentiometer enables the grid bias to be accurately ad justed,

The A.C. is fed onto the grid circuit through a trausformer which
is fed through a phase shift from the 60 cycle A,C, under control of the
20K potentiometer,

The 5 Kec, oscillation reaches the grid line through an audio
transformer from tha -late of the 6L7. 4 EN7 multivibrator of usual design
is fed to the mixer grid of two 6L7's in parallel, and nscessary bias for
these grids is obtained from a bleeder from the =250 volt supply, The right
hand 6F5 has its bias control by the operztor's control which can move
towards +250 or =250, The two 6SF5's have a cormon cathode resistor and
hence can effect each other's bias conditions, Suppose the operator's
potentiometer is moved up (more positive); the right rand 6S#5 will conduct
more heavily, its plate voltage will drop, the 6L7 control grid will becone
less positive and no 5 Kec, oscillation can vpass through it, and therefore
the right hand Thyratron cannot fire, At the same time, as the right hand
6575 conducts more heavily this will cause an increasc of the positive
potential on the cathode of the left hand 6SF5, which will cause it to conduct
less heavily, Its plate voltage will increase, causi .. the left hand 617
to conduct more heavily, allowing more 5ilc, oscillation %o pass through it,
and causing the left hand Thyratron to fire, The motor then will run in a
certain direction, and its speed will be dependent on the amnlitude of the
5 Ke. and hence on how nositive the right hand 6SF5 »rid is made, The
control grids on the 61.7's must be biased by means of the 100K potentiometers
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so that when the operator's control is at ground, necither Thyratron fircs
and the motor is stopped,

To provide maintenance of constant speed at any control setting,
the cathode of the loft hand Thyratron gocs to ground through a bleeder to
which is connocted the zrid of the loft hand 6S¥5, Sinec vack e.m,f, of
the motor is greatcr at higher spccds, this feed back of voltago acts to
corrzct any changes in motor speed by applying a corrsctive bias which op-
poses the change in speed,

lie power supplies, both +250 and -250, are r-gulated by VR tubes
in series, The +250 supply also looks aftcr the motor fTield,(See NRC-RB-1357),

Ad justments erc provided for bias, phase, 6L7 control srid bias,
cathode biag to cqualize 6S¥5 characteristics and nixer grid bias on thc 6L7!'s.

PRI ARY A,C, CIRCUITS

The A,C, supply consists of a three-wire 230 volt supply (115
cvach side of neutral) provided by a Diesel,

The A,C, distribution is divided into three scquences - instantaneous,
or first line, second lins, and third line, Power supply diagrams show that
in gencral, when the power switch is closed filaments are connected at once,
After 15 soconds the second line relay closes, applying plate voltage to all
rectifiers except the modulator high voltage powecr supply and thc sweep power
supplies. These latter three supplics arc delayed 15 seconds after the
socond lire is connccted and come on only when the stand-by switch is closed,

The over voltage, first and second relay lights, when on indicate
oven relays,

No fuses arc included in thc main primary circuit since an over
load circuit broaker is used both for protection and as main powsr switch,

FILAMENT AND +300 +150-AND =150 DISTRIBUTION

Except in a few cascs where due to the necessity of low capacity
fllament transformers or for special insulation of tl.. filaments, all 6,3
volt filaments arc supplied from a common transformer,

Similarly all chasses using +300 150 or «150 volts are provided
with thcese voltzges from a common sourcs,

Fuses arc provided in all leads to the chassis from the comuon
supplies,
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ZPIIFTRCD”GQIQS(SCG NRC~RI-2-1)

7Pl stands for Zone Position Indicator, It gives approxiuwlte
rangc and azimuth to the operators of the APF equipment by iicans of Selsyn
drives which move swecial pointers on ths APF azinuth and range indicating
dials, Azimuth can bo measured to + 2°, range can be measurcd to + 1,000
yards, and the maximum range is 60,000 yards, There is a 360° coverage in
azimuth, and targst indications aopeer on a 9-inch cathode ray tubs which
has a rcevolving radial tracc,

The transmitter snd monitor receiver ars carricd in one trailer,
known as thc ZPI trailecr, On top of this trailcr is mounted a rotating
collinear array which is collapsible for stowage when travelling, The
trailcr is towed by a 3-ton truck vhich carries, when in transit, the top
section of thc array and the reels of the power and intelligence cables,

The ZPI display unit is carried in the APF trailer along with the
complcte APF cquipnent,

The nain ZPI rack in the APF trailer contains a scanning chassis
with a 67 multivibrator of variablc froguency. Its output controls the
firing of the transmittcr through a varisble delay circuit and controls the
start of thc time-base on the main cathode ray tubs, This radial time-base
rotates in synchronism with the antunna array, A calidrator circuit fed
from the timc-base circuit can be scen on the catnode pay tube by usc of
the cathodc ray tube inout switch, The firing puls~ for the transmitter is
fed over a coaxial cable to the APF trailsr whers it trips the sweep of
the monitor receiver at the samc tim: that it pulses thc modulator of tae
transmitter, The modulator causes tic transmitter to give an R,F. pulse
of about 100 kiJ peak,

The samc acrial is used for transmitting and receiving using
a spark zap system for protection of the receiver, Thc returning signals
are fed to the monitor receiver which has the conventional tine-base that
indicates range by horizontal deflection and signal cmplitude by vertical
deflection, An I,F, signal is taken from this receiver and fed to the
receiver in the APF trailer, After umplification and detecticn, the signal,
limited in voltage, is fed through the cathode ray tube input switch to the
main cathode ray tube where it is applied as beam intensity modulation and
appears as a bright spot on the tube's screen, These spots will lie side by
side, forming an arc whose width is the same as the angular width of the
antenna pattern, whose position in azimuth is that of the target, and whose
distance from the centre is proportional to the range, A cursor, when
rotated to bissct the arc, moves the Selsyn which »rovides azimuth inform-
ation to the APF, and a separcis culibrated dial is turned to transmit the
range information,

TRANSIITTER

The oscillator consists of a pair of Number 5 tubes arranged in a
self-squegging circuit, The transmitter design is quite similar to the
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British 300 Me, CHL transmitter with a few necessary changes,

The modulator (ses Fig,30) is arranged to providc three possible
mocthods of triggering, A four-gang switch, with three positions psr gang
controls this, 1In the top position, arranged for intermal triggcring, the
input ic shortcd and the output of the first 1852 plate is fed back through
a phasc shifting network in phase with the grid, A control is provided to
allow adjustment of tac phase shift, The output goes to a 6SJ7 which
squares it, thence from ths plate through 50 puF with 68 K resistance to
ground, which causes positive and negative pips to be formed, which go to
the grid of the 1852, If triggering from a positive npip is dssired, the
switech is put in the bottom position and the negative output of the first
1652 tube passus through the small time constant circuit to the grid of the
second 1852, Tor a negative input, which is normally used since it is
provided by the transmitter pulse cireuit in the ZPI display rack, the
switch is placed in the middlc position, The positive output of the first
1352 is applied directly to thc sccond 1852 grid, This tube is biased to
acccpt only positive signals which, in the case of the positive input and
internal oscillation positions of the switch, is provided by the small
R C time constant and with negative input directly by the first 1852 tube,
In every case the 1852 receives & positive input and provides a negative
amplified output,

The rest of the modulator works between ground and 1000 volts
below ground, the latter is the usual voltage of the oscillator grids botwsen
pulses, When the negative output of the second 1852 tube in the modulator |
reachcs the first 307, it is amplified and goes to the grids of the four !
807's in parallel, causing a power and voltage amplified positive wave to
be fed to the oscillator grid, This raises the grids from their normal -1000
volts up to a point where oscillation is possible, The duration of the
oscillation is controllsd by the time constant of the grid squegg circuit,
Diodes arc provided to prevent flash arcs in the modulator and positive
grids on the oscillator tubcs,

The oscillator (see Fig,32) which is fed 25 kV on the plates, has
plate, grid and filament tuning, Included in the plate circuit of the
power supply is a large resistor and in the oscillator circuit from the
plates to ground are¢ condensers of small capacity, Whon the tubes draw
current, the plate voltage is supplicd by the condeliiirs since the series 1
resistor is large and oscillations would ceasec in a short time when the |
condensers discharge if, for any reason, the grids remained at a potential
where oscillations were possible, This guards against CW operation or
doublec pulsing,

To allow examination of the R,F, or modulator wave shapes (sec
Tig,29) a transmitter monitor is provided built in to the transmitter rack,
This consists of a 5-inch cathode ray tube with a linear short duration
time-base, The 6SK7 in the modulator receives the negative pulse from the
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1852 tube and the positive output charges a condenser through a resistor

(in the monitor) providing o linear time-base of 14 microscconds' duration,
which is triigercd in synchronism with the modulated pulse. A small

portion of thc wositive modulator output is used to modulate thc cathode ray
tube beam inteansity, »reventing cleoctron flow in the cathode ray tube
between transmitter pulses, |

A small rccciver (lock unit) is provided in case it is desired to
trigger a time-basc from the transmitter output, when the modulator is being
triggered internally,

Power supplies arc provided for the oscillator, squarcr and pipper
in the modulator (+300 volts), a separato +300 volt o1pply for the lock unit,
a -=1000 volt supply for the mod lator, a 25 kV supply for the R,F, oscillator
tubes, a2nd a 2000 volt supply for the monitor cathode ray tube,

I'ONITOR RECEIVIR (sce ;130 and ;#131)

Since the samc aerial is used for both transmitting and receiving,
the receiver, or at least the I,F, portion, must be located in the ZPI
trailer, It consists of a matching circuit for the antenna feeders, two
stages of R,F, amplification using 956 acorn tubes, a 956 mixsr, a 955 local
oscillator inductively coupled to th. mixer, and an inductivc coupling from
the mixer to an I,F, amplifiecr, Two I,F, channels arc vrovided to allow
use of two different bands (96 -~ 108 lLic, and 155 - 165 e, whichever is
desired), The I,F, amplifier (30 Kc,) consists of four stagcs and had a
bandwidth of about 500 XKc, An output is taken from thc third stage and fed
through a coaxial line to thc receiver in the APF trailer, To allow
examination of thc reccived siznals by thc transmittcr eperator, a second
dctector and video is provided in this receiver, whose positive output is
fed to the deflection plates of a 5 inch cathode ray tube. The monitor
receiver then, is really the rzin rec.iver down to the third staze of the
I,F,, and the cathode ray tube provided rmust be distinguishcd from the
transmitter monitor which is in the sane trailer,

CIRCUITS IN ZPI RACK

RECEIVZR CHASSIS :

I,F, Amplifier (see NRC-RI-16-3) - Tho signals from t:v receiver I,P. in the

ZPI trailer are reccived at 32 lic, through
a coaxial line to the main receiver. Hcre there are throc stages of I,F,
amplification followed by a 6H6 sccond detcctor, The output is sont to the
video amplificr,

Since the signal from the ZPI receiver
acts to overcome the negative bias on the cathode ray tube zrid, care must be
taken to avoid spurious signals from turning on the clectron beam, Since the
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APP modulator pulse would have this efifect, the supvrcssor on the seeond

tube is provided with a negative pulse which turns off thc receiver while

the APT modulator is firing, To rcmove posgiblce signals on the back trace

of thc sweep, a blanking pulse i1s #:d rom the sweep circuit to the aup-

pressor of the first 1852 tube, turning off the riceiver during the back

trace, Gain is controlled by a bleeder on the screen voltage of all throo
stagss,

Noto that the +300 volts for this chasgis are obtained from the +400
volt supply by a bleeder shown on the video diagram,

Video Amplificr (sce LiiC=RI-15-9) - Thc negative outvut of the diode goos to

the grid of Vg which is opcreting at
saturation, The tubc is driven to cut-off by a stroag signal and hencc acts
©g a limiter, Vg is connccted as ccthode follower Lo provide & low impedince
output to the cazhode ray tube becausc of the capacity of the cathode ray tube
innut switeh, etec, Ths grid return is conuccted at the midpoint of the
cathode resistor to provide ;;rcater plate current in Vg than otherwise would
be thc casc,

APF Suppressor {scc NRC-RI-1lb-4)= Th: positive pip rcceived from thc APF
recurrence frcquency chassis is amplificd

and jinverted by thc first tube, Thc omall time constant circuit causes a

negative followcd by a nositive pip to be fed from the grid of the second

tube; thc width of tho pip is controlled by the 10K potentiomcter, A

second tube emplifics thesc pips, they ere fod to the grid of the third

tub¢ which has positive bias on its cazthode, and hence rosponds to the

positive signal only, The negative output goes to thc suppressor of the first

tube in the I,¥, amplifier, The plate supply for this circuit is shown on

the video diagran,

SCANNING CliiSSiS

Time Base Circuit (sec NRC-RI-8-1) - A 6N7 multivibrator produces square
waves which are distorted by the
smell time constant to «round, and firec an 884 gas discharge tubs whose
firing timoe 1s limited by the chokc in the mlate circuit and which is biased
on the grid fror the -150 volt supply, When the 884 fires, a ,001 pfdcon-
denser on its cathode chargcs, and when the 884 cceses to fire the condenscr
can digchamge to ground through the 6SJ7, whose rcsistance will control tihe
tire of discharge. The 6SJ7 is conructed as a constant current tube
(current flow and thercfore rcsistance substantially indeperd.unt of plate
voltage), The resistancc of the 68J7 is undcr control of the screen voltage
which is, in turn, orovided with overator's controls, The resulting wave at
the cathode of thc 884, the plate of the 6SJ7 and the grid of the 807 is
& positive saw-tooth, The slope of this is controlled by the resistancc of
the 6SJ7 and thercforc by the setting of the potentiomctsr on its sereen
voltage, The rangc switch enables two potcntioneters to be pre-set for
30,000 or 60,000 yard ranges and selscted by the switch, All plate voltages
a: well as filament voltages ars carefully regulated to ensure stability,
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The 807 and the swecp deflection coils
arc connected in parallel with a current rcgzulated supply. When the 807
receives the positive saw-tooth on its grid, it suddenly starts to conduct,
and requires all the current available and in addition to this, draws cur-
rent from a veltage regulatcd supply through the swerp coil in the reverse
direction to the usual current through thet coil, As the 807 conducts less
and less as the grid goss down the slope of the saw-tooth, nore and more
current is available for the deflection coil, until finally, when the saw-
tooth has passed, all the current from the regulatcd supply passes through
the coil, This current passing the the 807 cithode rcsistor biasesit to
cut-off, The coil thus cerrics a high current between pulses and the spot
will be hcld at the outside of the tube, when the 807 suddenly starts to
conduct, the currcnt through the ceil not only stops, but actually reverscs
and the spot snaps to the centre cnd over-shoots slightly, The degree of
over-shoot will depsnd on the current available from tho regulator,

As the 807 boegins conducting less ond
lecss heavily dovm the slope of the saw-tooth, the cirrent through the coil
will steadily increase, drawing the spot towards the outside of the tube
forming the time base, The slope of the saw-tooth, altihough formed by the
discharge of a condenser thrcugh a resistor, is substaenticlly lincar because
of the constaat current characteristies of the 6377,

Transmitter Pulse Circuit (see NRC-RI-8-1) - 4 Kipp relay (Vg and V7), in

) which Vg is conducting very
heavily and V6 is biased to cut-off ny the common cuthode resistor, is
triggered by the grid swing of the 884 sweep tube at thc instant it fires,
The tube Vg is ectually biased much below cut-orf by the current through
V7 and a positive bias is placod on its grid to bring it to just below
cut-off, The timc constant of the Kipp relay is controlled by the 0005
uf'd condenser and ,l megohm resistor,

When the positive pip trizgers
the Xipp relay, the negative squarc wave is taken from the sereen of Ve
(When V4 suddenly starts to conduct its scrcen voltr. . drons)., The negative
square wave is passud through the small RC circuit znd the resulting dis-
torted pips arc fed to the grid of Vg, This tubc is biased to pass only the
tip of the positive swings and the output froii its platc is a negative
amplified pip, Since this outmut represcnts a trailing edge of the Kipp
relay wave, it is delayed after the start of the sweep by an amount equal to
the width of this wave, Thus the firing of the transmittcr can be phased
in relation to the sween as desired,

Calibrator (see NRC~RI-7-1) - The positive saw-tooth sweep voltage is
applicd to a tank circuit tuned to 16,39 Kc,
The time of a completc oscillation corresnonds to a ronge of 10,000 yards,
The damped train of oscillations that results from the shocking of the
circuit is amplified by V, to a psak of about 27 volts, This damped train
of oscillations is applied to the grid of Vip through a 100K resistor in
series with the grid. This lcvels off the tops of the first eight or nine
swings due to grid current, The scrcen of V 0 receives its voltage mainly
from the 50 q9qF comdenscer, which also tends %o level off the oscillations
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to a constant amplitude, The cutput at the platec of Vipo consists of

largely negative signals of cqusl emplitude, Thesc arc passed through a
small RO circuit to the grid of Viy wkich is operating at saturation and
responds to the sharp ncgative swings, The amplificd positive pips 7re thon
gsent to the grid of the c..thode ray tube through the cathede ray tube inpub
switch, Thesc pips modulatc the intensity of the ccthede ray tube beam and
appear as a scries of circles of light, spaced 10,000 yards apart,

LOW VOLTLGZ POUER SUPPLIZS (sce NRC-RI-4-1)

Two supplies, both full wave rectified and unrcgulated, are
provided, One 2T thesc nrovides +600 volts to thc rcrulators for tho scan-
ning chassis, the other provides +400 volts For tho r.neiver, A regulatcd
-150 volt supply is also provided for thce scanning chassis,

RIGULATOR CHASSIS (see NRC=-RI-6-1)

Voltage Rogulutor - The high veltage (+600) from thc low voltage powcr supply
is fed to the plates of a pair of 243's in parallel in the
top part of the diagram, The bias for thesc 2A3's is provided by thc plate
voltage of an 1852 whosc plate load resistor is the 1 mcgohm resistor, Rjg.
The high voltase output is taken from the centrs tap of thc filament trans-
former of the 2A3's, which are thus rl=zced in serics with the high voltage
output, The 1852 is maintained at = fixed biss of 150 volts o the cathode
(note the 20K rcsistor, R5, which provides current for the regulator tube,
V1), The grid of the 1852 is on 2 bleedcr botween the positive high voltagc
~nd ground, with a potentioncter as pirt of the bleeder for ad justment of
bias, If the high voltage outout shculd increesse, the grid will go more
yositive, the 1852 would conduct more heavily and its vlatc voltage would
drop; the 243's would conduct less heavily, their rcsistence would increase,
and the output voltage would be reduced to its origin:l value, The output is
fed to the calibrator and swueop chnssis, Aeross the output are two bleeders,
one of which is adjust.ble, conrceting to u coil around the cathods roy tube
vroviding transverse centering, Direction of current flow in this coil will
depend on which side of centre Rp is placed, l.egnetic focussing coils are
alsc connected in the bleeder,

Current Rczulator Circuit - The +600 volts from the low voltage power supply
also gocs tc the plates of Vg and Ve in parallel,
The high voltage output is taken from tho centrs tap of the filament trans-
former and then in scries to the 500 ohm resistor and a choke to the 807 in
the scanning circuit, A VR-150 is connected with its nlate to the left of
the 500 ohm resistor, and its cathodc to onc end of a potentiometer to ground
and to the grid of the 1852, A VR-105 is connected with its platc to the right
of the 500 ohm resistor, and its catliode to ground and to the cethode of

the 1852, Suppcse the output current should incrcase, greatcer voltage drop
would develop across the 500 ohnis which weuld change the bias on the 1852,
causing an inerease in current and therefors a higher rcsistance in Vg and V7
which would lower the curront and restore the original potential drop across
the 500 ohms, Two potentiomcters in parallel are provided to allow adjust-
ment of the 1852 bias; these are pre-set to give current desired for the two
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ranses mentioncd under the scanning ~hassis, and thce switch is ganged
with the switch from that chassis,

The return trace on the sweep roally cceurs
just befors the time base portion of the derfleccting wave, The first calie
bration pip occurs on the back tracc, In opcration we desire to align
the sceond calibration »ip with the centre spot engraved on the tube, and
alsc to align the transmittcr pvlsc with this same murker which will act
ag za3ro range marker, Thoe slope of the trace will be different for difforent
resistances of the 6SJ7, and therefore the second criibration pip will not
be in line with the ceatre merk when the range scale is chengsd, To produce
this alignment the current provided to the 807 and dcflection coil is kept
below the moximum roquirements of the 807, and over-shoot results, The
amount of this over~-shoot is contrclled by the 100K »otontiometer in the
eurrent regulator, This is why two potcntiometers arc used to correspond to
the two ranges provided; the correct one beingsslectcd by the switch,

The voltage regulator tubes are provided with
jumpers between a pair of pins, These jumders (merked switches 2, 3, 4)
zre placed in gerics with the +600 volt input, If any VR tube is removed,
the voltage is disconnccted, preveuting o sudden incre:se in cutput that
would result when regulation was recmoved,

CATHCDE RAY TUBE CONNZCTIONS AND POUZR SUPPLY (sec NRC-RI-8-1)
( 10-1)

The powsr supply, bleeder and clecctrode conrnections are conventicnal,
with control provided for brilliance, Thc tube is nagnetically focussed
and the sweep is also produced magncticelly, 4 diode is provided on the grid
to restere the D,C, bias conditions ot the grid between signals in order to
prevent changes in brilliance with recurrcnce frequency or signal strength,

Ottawa,
June, 1942 R, G, Campbell
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Correction Sheet No,l

The following additions and changes have been made in the drawings
included in this report,

1,

3.

4,

Se

1,7, Pre-amplifier, RB,1336

Feedback Desistor 3rd tube unmarked should be 500,
Screen bypass 4th tube unmarked should be ,Ol,

Heterodvnz (scillator, RB,1337

Bleeder in warallel with 4 '1f unmarked should be 2 neg,

¥ain Receiver - .ange Channel, RB,1338

Coupling condenser to grid of last tube maried 1.0 should
be 0,1 1f,

Main eceiver - Azg~ T1, Channel, RB,1339

Volurie Control resistor from 300+ should be 14K not 10K

and pot, should be 25 K not 50 I,

In the A,V,C. 1852: Add 10 X in series with arid (Par,3uppl)
and change 5 L plate load to 50 K,

In the 4,V.C, 6H6: Change filter condenser 0,1 to 0,5 wuf.

Video-Amplifier % Pip Amplifier, 0B, 1340

Blocking condenser in zrid of first tube naried 1,0 should be 0,1,
Suppressor arids in Pip wiplifier bypassed at both ends by .0l uf,
Cathode b pass in Pip Amplifier marked 1,0 should be 0,1,

Sweep Keving Unit, RB,1345

Cathode bypass condensers in grid of first and second tubes marked 1,0
should bs 0,1,

Sereen bypass of outnut 807 should be Screen to Cathede, not

Scereen to Ground,

Only VR,150 is common to both sweeps,



Corracction Sheet wo.2

Te 3trobe, R3,1346

4dd ssries grid resistor 10 I o Tirst tube (Par, Supp.).

‘Tarce bypass condenszrs sseond tubs iwsried 1,0 should be 0,1,
jercen bynass of wide cutout 1852 narked 0,1 should be 1,0,
Blockine condenscr to srids of narrow output 807's (last stage)
markcd 05 should be 0,5,

Chance 150 K in orid voltage divider of &O07's (last stage,
narrow oubtnat) to o5 I,

A3d 7oliapc divilder as suown in warallel with 1 ¥ output load of
narrow strobve,

. ! » ¢ OTHERS
2.5 K
. To C.R.O.'S omney
— 4 K
8, H,V, 3wecp Suonly (Ranze) RB,1347 =

AN

N

Valuec of bleccder in warallsl with 2 1f not shown should be 1080 ohms,

2 Osecillator and Mip Gencrator, RB,.1350

Dccoupling Resistor lst tube marked 5 K should be 75 X,
Sercen bypass 3rd tubc not narked should oe ,01,

10, Recurrcnce idrcquency Control, RB,1351

Prinary Tregucncy Pot, (50 Z) in scrics with 250 K,

Plate resistors 67 are 20 X each,

Bypass on slider of Mod, Amp, Control unmarked is 0,25,
Bypass in cathode circuit of 834 (output to modulator and ZPI)
narked 25 should be .25,

Cathode rcsistor of 1852 merked 150 I should Le 150 ohms,



11,

12,

13.

110-.

15,

16,

RET
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sorrection Sheet No,.3

Tlodulator, RB,1352

Choke valucs are: 1Ll 20 mh Ls 20 mh
Lp 100 ph L7 40 mh
L3 20 mh Lg 20 mh
L, 20 mh : Lg 40 mh
Ls 20 mh Lig 40 mh

Range Motor Control, RB.1355

Bypass in erid of 1352 ummarked should be 1,0 nf.

Thyratron Control, RB.1356

In the grid sias supply the VR,105 1is upside down

The VR,105 and VR,150 on the 250+ are upside down

The phase shifting potontioneter in leg "C" is a 20 K
votentiorcter in series with 5 K,

The ~rid bypass on 6SF5 unmarkcd should be 0,1,

The hleedcr across 250+ unnarked should be 50 X, 6 X pot, and 50 K,
Grid voltage dividers of 6L7's consist of 250 K, 100 X, 500 K,

not 100 K, 100 X, 500 X as narked,

Thyratron Control Supply, 1B,1357

liotor Field control is 1 I,
Umnaried chokes (2} arc 30 h,
Add VR.105 and VR,150 to 250- line (to zround) .

NRC-RI-6-1: Change Rg from 2K to 20K
Change R4 and Ry from 100K to 50 X
Add ROL (250K) between R3, R4 and Terminal 24,

MRC-RI-16-3)

16-9) Note that detector V, is shown in both drawings,
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