ELECTRONIC CIRCUITS NAVSHIPS

SECTION 22
CATHODE-RAY-TUBE CIRCUITS

ELECTROSTATIC.

The circuits used for the electrostatic type of cathode-
ray tube are functionally similar to those used for the elec-
tromagnetic type of tube, but they differ in the manner of
accomplishing their function. Only the electrostatic type
will be discussed in this paragraph. Basically, the cathode-
ray tube provides a fast moving, easily and quickly deflec-
ted electron beam for use in waveform viewing and analysis,
and for special display putpeses. Generally speaking, the
display types of CRT are mostly magnetically controlied,
while the types universally used in test oscillasropes and
synchroscopes, for waveform checking, are electrostatically
controlled. Therefore, the discussion in this paragraph will
be testricted o oscilloscopes. Later potograpks in this
section will describe deflection-madulated display circuits
such as used in type A and J scans, and intensity-modula-
ted circuits such as the B and C types, which can employ
an electrostatic CRT, All cathede-ray tubes heve basic
control circuits which are necessary if the tube is o be
used at a!l. These circuits control intensity {brilliance),
focus, and beam positioning (centerinq, both horizontal and
vertical)., Other cir cuits with which the CBT is concemed
are horizontal and vertical amplifiers, sweep circuits, and
synchronizing circuits. All of the latter circuits are stan-
dard circuits, with special attention paid to the design for
bandwidth, response, and linearity. In some special cases
there are peculiar circuits which are mainly combinations
of standard circuits used for packaging the components
into @ convenient size, and for economy, For example,
while a conscle unit moy hove high and low voltage sup-
plies, they are usually separate and use separate trans-
formers, whereas the conventional oscilloscope uses ane
transtormer to supply both high and low voltage, bias, and
filament power,

BASIC OSCILLOSCOPE CIRCUITS.

APPLICATION,

The basic circuits described below are used to adapt
an electrostatic CRT for use as an oscilloscope which can
be utilized lor waveform analysis.

CHARACTERISTICS .
Jemcm input {Y axis)
High input impedance {approximately Z megonms shunt-
ed by 40 picoforads)
Step attenuator
Good frequency response (10 cps to 1 megacycle)
Harizontal input (X axis}
High input impedance {appioximately Z megohms shunt-
ed by 40 picofarads)
Step attenuator
Intemal sweep or external sicnal
Sweep
Selectoble sync {polarity and input)
Sweep frequency 2 cps to 1G0 ke

Hol'rﬂﬁn Flambrim e
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Intensity input {Z axis)
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CIRCUIT ANALYSIS.
General. The following circuits were chesen as basic

examples of the circuits generally used in oscilloscopes.
Each was selected to bring out the basic principles and
equirements necessary for circuits used in wavelorm anal-
ysis, even though a similar circuit may be found elsewhere
in this mcnucll The discussion is limited to the essentials
neaded for use run.u L.uutuu.t:-luy' Lu.lJt-_'b.

Beom-Positiening Circuits. A simple oscilloscope using
basic beam-positioning circuits is shown in the accempany-
ing illustration. For a complete schematic of an elementary
oscilloscope, see Basic Electronics, NAVPERS 100874,
Chapter 17. Note that the valtages are taken from a commoen
voltage divider between B+ and B-. The divider is ground-
ed 4t a converdent poini, usudlly at the positive voltage
required for the accelerating anode {No. 2}, and both ends
are above ground, Thus, with the positive low voltage and

+Epp c2
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INTENSITY

Simplified Oscilloscope, Showing Controls

neqative high voltage at cbove-ground potential, the casze
and chassis can be grounded for protection of the operator.
It also pemmits the onode and one ¢f each p
plates 1o be grounded, Yo form a simple unbeianced detlec-
tion or positicning circuit. This connection alee keeps
the deflection plates and accelerating anode at the same
potential, and avoids uefo'mslmj effects from differences
in potential between them.

It is evident from the schematic that resistars Rd, RS,
H6, H7, and B8 form a voltage divider from B minus to

’}‘."OL‘I"." and at the ‘”""“""‘"l ot Baand BSsone yumuvc

voltage exists, Smce the cathode of the CRT s connected
at o less negative point on the divider than ihe grid, the
grid is negative with respect to the cathode, and is adjust-

able by means of potentiometet B8, As in the conventional
citeuits, varintion of this grid bias permite the 1whe w con

r of deflection

_______ o AH ol teliatvithy
. 1 o N
duct imore or less ‘nmvuy, as desired, Anode No, |13 con-

nected to a much lower point on the divider; thus it is
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effectively much more positive than the cathade and grid,
and attracts the electrons from the cothode, By varying
the d< potential on this focusing mnode, the electron beam
trom the cathode is directed so that it converges at a point
on the face of the CRT, Ancde No. 2 of the CHT is ground-
ed; thus, since it is at a mote positive voltage than the
focusing anode, it attracts the electron beam and acceler-
ates it. The accelerating anode is a concentric ring similar
ta the focusing aode and the focused beam passes through
the center, losing only stray unfocused electrons. The Na.
2 ancde curtent, therefore, is minute, and does not detract
from the beam. As the beom passes from the accelerating
anode to the face of the tube, it passes between two sets
of deflecting plates. The plates of the set nearest the No.
2 anode are positioned horizentally above and below the
tube centerline, and deflect the beam vertically. (The ver-
tical deflection plotes are physically located neatest the
No. 2 anode, for maximum control of the electron beam.)
The plates of the second set are nearest the face of the
tube; they are positioned vertically to the left and right of
the centerline of the tube, and deflect the beam horizontally .
Positioning controls B2 and B3 are parallel-connected,
and are connected between B+ and ground through R1 and
R4, Since one of each pair of deflecting plates is connec-
ted to ground, a d~: positioning voltage exists between the
plates and ground. Thus, by adjusting the positive voltage
on R2 and R3, the electron beam is ottracted (deflected)
toward them and can be centered on the tube face. A sim-
plified version of the positicning circuits is shown in the
following fiqure; since one of each set of deflecting plates

+Epb HORIZ VERT
INPUT INPUIT

+Epp

VERTICAL
POSITIONING
R2

HORIZONTAL
POSlTR"-IONING

t}

Unbalanced Positioning Circuit

is connected te ground, the circuit is unbalanced, Contrels
R1 and R2 ave represented simply as variable potentiome-
ters between B+ and ground. A simplified positioning cir-
cuit of the balenced type is shown in the accompanying
illustration, and is discussed below,

In the baolanced circuit, each deflecting plate (D1
through 04) is controlled by a separate potentiometer (K2,
R3, BB, and R7), and the plates are isolated and balanced
equally by being connected to the positicning controls
through equa!l resistors R1, B4, R5, and B8, Each plate is
also connected to the deflection amplifiers, through a cou-
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[Hustration 22-3
Balanced Positioning Circuit

pling capaciter, in a push-pul! arangement. Thus the CRT
is balanced for de, for ac, and for any stray capacitance to
ground. Since the isolating resistors (K1, R4, RS, and R8)
ate always of a very large value, the deflecting plates may
be connected into any circuit without denger to the opera-
tor {it takes a curtent of only a few microamperes to drop
the positioning veltage to zero).

Power Supply. A typical power supply for an elemen-
tary oscilloscope is shown in the illustration, Two full-
wave tectifier tubes are used with a single transformer to
supply a positive low vaitage for circuits other than the CRT
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Typical Power Supply
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and a negative high voltage for the CRT. The low-vcltage
supply is a conventiconal full-wave rectifier circuit with

the center tap grounded, and B+ is taken from the cathode
and epplied to a single pi-type C-L filter {C1, L1, and C2).
The negative high-veltage supply uses the oth
rectifier tube (V2), with the plates parallel-connected asa
half-wave rectifier, and the low-voltage center tap used as

A poammean arond
G CCOMINon ground.

r full-wave

Ronmiiea PR, S

Because of the small amount of cutrent
taken by the CRT, the simple R-C filter offered by the
bleeder and C3 is sufficient for hum elimination. The low-
voltage output is on the order of 400 volts, and the high-
volmge output is about 1000 volts. The filament windings
for the CRT, as well as the other tubes, are also included
on the same transformer, providing e compact and economi-
cal power supply.

Sweep Circuit. To provide a time hase for the wave-
form, the JRT bean must be deflected notizontally across
the face of the tube from left to right, then caused tn retum
quickly from right to left, ready to resume wotier cycle of
operation. A sweep voltage obtained by the charge and dis-
charye of a copacitor is employed for this pursoze. Luring
the charging petiod the sweep is developed and the beam
moves from left to right; during the discharging perind the
capacitor reverses polarity of deilection and the veam moves
back to the start (retrace time). Some oscilloscones provide
biankiny for the retrace period so that the teturn SWEeeD Canno
be seen. A typical thyratron type sweep generstor for yen-
eral oscilloscope use is illustrated. Other types of relaxa-
tion oscillators, such a3 a neon tube, a vacuum tube R0
oscillator with discharge tube, or g multivibrator, could be
used, provided that g reasonsbly

waveform is produced.

ool 3awWisoth sweep

SAWTOOTH SWEEP 3

SYNC TO HORIZ. AMPL. .

NPT BLANKING

Typical Sawtooth Generator (Thyratron)
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operation is selected roughly by 31, which connects various
values of capacitance between the cathode and plate of the
tube. The frequency of operation is adjusted finely Ly
variable resistor BB, wnich, together with 35 md the capa-
citor selected by 51, orovide a soecific frequency fixed by
the time constant of tne 3-C circuit. 35 primarily dater-
nes the amplitude over the range adjustoble by 86 for a
specific supply voltaye. Normally, the circuit starts in an
inoperative condition with the cathode {ixed-biased by volt-
age divider R3 and R4, and capacitors C2, 3, or C4
{as selected by S1) charye slowly at 3 rate determined by the
settinyg of 36, ‘When the voltaye between the cathode and
plate reaches the ionlzation voltage (value depends upon
lype of gas used), the tube fires. Heavy current flows from

the ~atkhade ta the nlate and ﬁuﬂnmmhﬂ ot

A PR PN
oo ol riivstol oty

circuited condition across the cap-ac:tor selected by 31,
Thus, the copacitor quickly Jischarges uatil the delonization
voltaye is reached and the tube stops conducting, resting
in 1 bigsei-off cendition, and tne cycle of operation resumes
again. During the charging period, blanking cepacitor C8
Is alse charging slowly and reduces the TAT bias, allowiny
operation. “When V1 conducts, C6 discharges through a grid-
cathede resistor in the ZR3T circuit, and the common bleeder,
amsmq the CRT off and blanking off the retrace interval.
Capacitsr C1 is a coupling capacitor ahich applies
the sync signal between Rl and yround; the amount of syn-
caronizing signai fed to the grid of V1 is adjusted by the
position of R1. Resistor B2 is a protective resistor which
limits yrid current flow to a safe value; it also acts as o

~

P I

decoupling resistor. Cap:citqr Z5 bypasses catheds resistor
44 to prevent degenerative izedback during sweep oneration,

and effectively shunts R4 so
time constant circuit.
Synchronizing Metheds. To keep the waveform station-
ary on the face of the CRT tube, the sacep freqiency nuat
be an exact multiole or submultiole of the —uw-'{rwr nder
ahsarvati inn,

that it is not @ part of the 3-2

o quoid the nead for canstant re

sweep frequency control because of drift, power- supply
voltage chaniges, etc, a sweep-locking or sychronizing cir-
cult is provided. In the basic unit, g three-position switch
is yenerally provided to permit selection of either an external
signal, a 50~cycle signal, of the internal sween {or input
sigin; taken {rom the verucal dellection am lifier plate.
since some circuits do not have @ output of the proper
pol::rlty for syncnromzctlon, an ad;ustabie synchroniziny

1o onometines included o parmit QCLE‘\.LLUII ol :nfm,

Lmny Signa, g o0-Tyaole .a; gidl tasually tuken frow g
tilanent wmumﬁ), ur tne autpat from the vertical anplifier

Pabia a4y
iz s e sl

gl under ahaerva tion, Dot it o du&l

interna! sync); it then app h 5the ut §
capacltor o o the gnid of V1. Lube Vlis a p-araphose
amphfier, witn tne grid returned to ground throuyh {1, The
e is cathode-biased and unbypassed; the nlate and
cathode resistor, 32 and 133, Jre of the same value, so that
for the sane o i i

~1
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Typical Sync Input Circvit

cathode~output siynal is positive. For o neyative input
siynal, a positive plate-output siynal is developed, and the
cathode is negative. Both plate and cathode outputs are
coupled through capacitors £2 and C3 to o common load
resistot, grounded at its center top and also variable. At
the ground position both signals are equal and opposite,
and of zeto amplitude; therefore, no output is obtained.

As R4 is rotated in either direction, the signal amplitude
is incregsed. Since the synchronizing signal to the sweep
yenerator must be of positive polarity, for a negative input
to V1 a positive signal is available on the plate side, and
for o positive input to V1 o positive signal is aveilable on
the cathode side. Thus a signal similar to the input signal
but of positive polarity is obtained and coupied through T4
to the thyratron sweep generator discussed above. When
this paraphase input is supplied, the sweep yenerator has
a fixed grid resistor instead of the variable one shown in
the illustration of the thyratron sweep yeneratar,

“hen the sweep generator is adjusted to a slightly
lower frequency than that desired, a positive-going sync
signol applied to the grid of the thyratren will cause ioni-
zation to occur earlier in the operating cycle. Since this
has the effect of chonging the ionization potential, the
[requency of operation is increased and the sweep generator
locks~in and operates at the same freguency as the sync
signal. Thus the CRT waveform remains stationary, rather
than drifting across the screen, because it is synchronized
50 that the sweep occurs at the same place at the same time
each sweep,

Deflaction Amplifiers. To produce satisfactory de-
flection with small signals, it is necessary to employ both
vertical and horizontal deflection amplifiers. These stages
may be single-ended or push-pull (unbalanced or balanced);
they are conventional video amplifiers designed for the de-
sired frequency response and linearity. A simple equipment
usually provides only one staye of amplification and @
output stage, whereas a laboratory-type equipment provides
two or three stages of amplification with output stages.

ORIGINAL
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The horizontal amplifier in a yood scope is identical
to the vertical amplifies, permitting the same signal to be
applied to the X axis and the Y axis. In the majority of
oscilloscopes, however, only the horizontal sweep is anp-
lified; thus less gain is needed since the sweep output vol-
taye is large. Because the sweep is usually a submultiple
in frequency of the observed siygnal, less frequency res-
ponse is needed, Thus the horizontal deflection amplifier
need not be described, since the vertical amplifier has more
stringent requirements.

Since the vertical amplifier must be able to amplify
very weak signals with sharp rising waveforms, it must have
yood frequency response and large amplification. To cover
the range of signal amplitudes encountered, the vertical
input is usually provided with an attenuator. Simple poten-
tiometer-type attenuators are shown in the accompanying
figure.

+Ebb

]
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¢
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Potentiometer Attenvators

The simple circuit shown in part A of the illustration uses
the potentiometer as the output load resistor of an R-C
coupling network. Thus, since the grid-to-yround impedance
(Zq) of the input tube is in shunt across it, as the poten-
ticmeter am is moved upward the impedance presented to
the circuit under test is decreosed (less loading and less
attenuation). The simple step-attenuator circuit shown in
part B of the illustration is a better type of input circuit,
allowing coarse selection of the attenuation ratic with
switch 51, and fine adjustment with potentiometer 33. It

is evident that even for the smallest input step resistance,
the full tange of R2 is available for control. N¥ith the avail-
able settings of §1, the input impedance will never decrease
to a value less than the series section of 12 {that portion
above the upper tap) plus the parallel combination of the
remainder of 32, K3, ond the yrid-to-ground impedance of
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the input tube. The most desirable input is ia the rme

of meyohms, with little or no shunting capacitance to ground.
To achieve this result sometimes a cathode follower input
stage is combined with a step cttenuator to isolate the os-
cilloscope input from the staye beiny teste Tl"e usual
input capacitance is on the order of 30 picofarads, which
can be apprecigble (1300 ohms ot 5 me).  [herefore, ire-
quency-compensated attenuators are used in the better type
of nscilloscopes to minimize the effect of input capacitance
{os shown in the figqure), by presenting identical impedance-
response curves to the circuit under test for the various at-
tepator settinygs.
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Frequency-Compensated 3tep Astenvajor

Fraquency-compansated attenuntars turtier provide the
same voltage division ratic {resistive to reactive) of the
input signal, so that the drop-oll in signal level at the
highet {requencies can be compensated for in the foliowing
video gmplifiers. Attenuator compensotion is u':uculv ef-
fective ovel the entite uselul liequency range of the sacil
loscope. The attenugtor potentiometer is fregquency-sensi-
tive because of the distributed and stray capacitance from
the moving am of the potentiometer, the witing cnd circuit
elements, and the electron tube inout capacitance to yround.
While the resistance of the potentiometer must be as high
as possible to maintain maximum input impedance, the
greater the resistonce, the greatet the effect of the stray
copacitance. Slnce there 13 only sne setting of the attenuc-
tor arm where the resistance division and the copac uum:e T
vision are of the Same rauic, shuni Copeuiivia Gl wn
are acded 1o the atlenuItor, as snwwn
to provide frequency compensation. Ve the attenuator
{S1Y is set to position 4, the Inpul © We JRplilel (s ivduoza
to one-tenth of the total signal aeross the voltaun d.mJer_
= is then one-tentn of B ph
citive reactance 1S then chcsen o be of the sume crder,
That is, the reactance of C2 and the stray copacitive reac-
tance of (03 is made to be one-tenth of the total recctance
of Cl in seties with the parallzl combination i

3. Normally, because of the m‘m ity i
stray capocitance indicated by 03

e lLl‘J?jl

adlmbad il
is adfustod durlnngparatt

tion ettects, using a squanrwuv: ..;yuL Slds mweama,
ly and once calibrated ¢ o 4]

5 =l =
el uiuv G OCCasoNGL Shosk.
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Since most attenuators and amplifiers have reduced
hiyh-frequency response because of the shunting effect
of stray capacitance, a parallel 3-C circuit in series with
the input lead is usually 1nserted 1o boost the reiative res-
panse of the attenuator at high frequencies. Another devics
is an input probe located at the end of a special connecting
cable which applies the input tu the vertica! amplificr,
The probe houges a frequency-compensated voliaye divider,
and 15 constructed to reduce 1o g minimum the aincunt of
shunt capacitance existing at its input termingls,
usudly called a “D-C probe’?, ot simply “input probe’
33 distinguished from an “1-f probe”, which contains a
diode rectifiet to remove the modulation.
A t)’u;u:ﬂ tnirce-staye vertical amplifier s snowr

This is

acticaily in e acoompanying itostrotion: it Anves 4
~onventional push-oull parachase de[lect:on output ampifier
{see 3ection D for o discussien of deflection sutput ampiitl
stages), Tne vertical input sigral is applied thr“ug‘“
viocking and couphing capacitor 1 to a cathode tollower
attenuator slage incorporating triode VI, The attenuator is
a twcrateo, frequency-compensated type. [or signals vnder
25 volts, 51 connects the input directly tﬂ the grid of Vi
Tor signals over 25 volts, C2 is adjusted so that the time
manstart of the circuit consistinq of C2 and B! isthe same
as the time constantof the citouit consisting of 3 and the
narallel combination oi 82 and 53, including the stray gid-
to—-ground capacitance of V1. Thus the attenustion in this
position of 51 is practically constant for all frequencies.
The constants are 50 proportiongrJ that the input impedancs
is approximately 2 megohms for elther position of the ot-
tenuatot, with cn effective shunt input capocitance of uout
40} picofarads.  Although V1 has its cathode connected to
*he .- 280~volt supply, the plate current flow through R4 and
RS is sufficient to bias the cathode positive with respact o
ground. The output of cathode follower VI is token from
the cathode through C3, which is g large capeacitor {on the
zrder of B microlarads), and applied fn the input yain powen-
tiometer, A, O pGC‘ltOr T4 is a conventional filter capva-
citor to bypass the negative supply. Y-gain {vertizal) con-
trol BB controls theamplitude of the input signal tu lhe
two-staye, high-yoin compensated video amplifier con-
sisting of V2 and V3. Both high-frequency m” lo~'v~1reqwnnf'y
zompensation ute 2mployed o esch stage. ;
Vi 13 bypassed by a sma.H cupamtar Whlch makes it degon-

titiar

sl
l IIC o

reased by k_-r:‘uk"‘.g zoil
compensateior the shunuing eliect ol wbe au Hihreg
citance, providing a teactance which incregses with fro-

T of the neaking coils extends the rea nse

tespunse is
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Yertical Detlection Amplifier

‘on the order of 1 second). Amvlifier V3 is tix=i-piased

by connecting the cothode o the junction of (3idand A1,
which are connected in series between the plate supply and
ground.  Cothode resistor 14 15 also unbypassel so that
the circuit is completely deqenerative for nigh an? low
frequencies, further improving the over-all frajusncy res-
nonse, The use of the fixed cathode bias sets the opersting
point of V3 and helps stabilize the stage. An outpot from
the cathode of V3 is taken {or applicetion o the sync cir-
zuit for internal syachronization, The cutput of V3 is fai
to cathode follower output stage V4, whizh is bizsed cositive
~ith respect to ground by plate current {low, aven thausn

the cathode is retumed to the minus sunnly, Variable poten-
tiometer (115 serves as an output and pasitioning control

tor thefollowing parapnase amplifier. The paraphxse ampli-
{ler is similar to those described in Section 5; therefore,

it iz not further discussel nere.

FAILUTT AdALYSIS,

Beom-Positioning Clreuits, Usually, o control circuit
tatlure is indicated by loss of a specilic zontral function,
and can be quickly verified by 4 tesistance or voltrge cueck.
[t imust be undetstood that a}l controls zffect a2 2lect
beam in some manner, and that the controls are interactine,
For example, increasing the intensity of the bean ~ill also
thicken the beam and reguire 3 recdjastment of the focus
control for the thinnest line at that intensity. Lixewise,

a change in accelerating onode potential will cause a

ORIGINAL

change in spot diameter and the mmdmum intensity avail-
able. Where high humidity and excessive moisture prevail,
control failures from insulation breakdown, are usually

more prevalent because of the high potential invelved, which
causes a short circult to ground.

Power 5upply Cireuits, Because of the high negative
notentials used {or operation of the AT electren qun, the
oscilloscape sower supply is particularly susceptible to
{lash~over, particularly in damp and humid locations. A
voltage check is usually sufficient to reveal the location
of the trouple.

Sweep Circuft, Failure of the sweep circuit is evident
by 1 lack of horizontal deflection, assuming that the beam
positioning and adjusting cirouits operate. A nonlinear
sweep produced by changes in value or fallure of components
will show itself as a crowding toyether {or an expansion)
of the wavelorm at theends (or in the middle), particularly
when a xnown linear wavelorm is observed. Jistortion which
results from the opplication of an excessive amplitude of
sync pulse to the synchronizing circuit should not be con-
fused witn sweep nonlinearity. Most sweep troubles con be
cofrected by replacement of defective electron tubes, al-
though there may be an occasional component failure, Yhere
tnyratrsn or other ygs tubes are dsed, it may be necessary
to try two or three tubes before obtaininyg one that will
nnerate pronerly. cven with vacuen-tube sweep circuits,

tube selection may be necessary.
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Synchronizing Circuits, When :he sync pulse amplitude
is insufficient, or is of the wreng frequency or polarity,
synchronization will not be obtained. With intemal syn-
chronization, lack of signal o the synchronizing circuit
can occur from poor switching contacts or by failure of any
compenent in the sync clrcuit. Wrong polarity con occur
with external sync, but not with internal sync. Incorrect
syne arplitude is compenszated for by adjusting the input
control, In the case of the controllable syne amplifier,
only a storted or open compaonent or o bad tube can cause
difficulty. A resistonce check should quickly reveal the
trouble. False synchronization is possible with unstable
operation due to improper setting of the sync and fine tuning
controls. Owver synchronization results from too larae o
syncrronizin s pulse, and causes Glstortion ol i wavelorn:
under view. Reduction of the sync input will return the
circuit 1o normal.  The siffects of poor veltage regulation
may alsc result in ¢pparent instobility, but this is the faulr
of primary transients rather than sync circuit action. This
type of instability is usually recognized easily as it is
usually coupled with constant fluctuations of the CRT pre-
sentation up or down and to the rignt or left, or by a con-
stant jittering of tne pattem.

Deflection Amplifiers. Lazk o7 autput can be caused by
tailure of components or an election wne, and can quickly
be isolated by using cnother oscilloscope to check the sig-
nal from qrid to plate threugh the amplifier for the point of
signal disappearance. In most oscilloscape amplifiers, it
is possible tc have the circuit operating, but producing
faise indications because of fallure of the compensating

0947-000-0120 CRT CIRCUITS
circuits. Use of a square-wave input will quickly deter-
mine whether the circuit iz rounding off the pecks because
of the lack of highs, or drooping at the top because of bad
low-frequency response. Compariscn of the sgme waveforr
on another scope wrich 13 in zood condition 1S the Dest
method of determining performance.

SYNCHROSCOPE.

APPLICATION.

A synchroscope is ¢ waveform measuring device very
similar to an oscilloscope, only it is used primarily for
observina pulse waveforms of short quration.

CHARACTERISTICS.
Vertica Input.
Variable input impedance - may be matched with the
output impedance of the signal source.
Vertical input delayed before being applied to vertical
plates.
Sync Input,
Variable input impedance
Sweep only gererated when a sync signal is present.
Syne signal may be intemally or externally originated.
Cathode Ray Tube
Electrostatic - uses medium persistence phospho.

CIRCUIT ANALYSIS,

General. The following circuits were chosen as basic

ce
|1
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[}

R2

HORIZONTAL
INPUT

D2

—

D4
- it
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UNBLANKING
PULSE

A
R4
RIG \ ps .
5 Simplified Synchroscope CRT Contrel Circuits
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Each circuit was selected to bring cut the basic principles
fer circuits used in non-
repetitive waveform analysis, even though similar cireuits
may be used in other sections of the manual. The circuit
discussion is limited to essentials needed for cathode tube
displays.

Beom-Positioning Circuits. A bosic beam-positioning
system used in a synchroscope, using a balaneed deflec-
tion network, is shown in the accompanying illustration,

The voltages ‘or the CRT electrodes are taken from o
commen voltage divider between the neqgative veltage

Cl

l

L
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supply and qround. The voltage divider isgrounded at the
positive voltage required for the occelerating anode, while
the cathede is operated at o high neoctive potential with
respect to ground, the low voltage is operated above qround.
Thus, with the positive low voltage and negative high
voltage at above ground potential, the case and chassis
can be grounded for the pratection of the operator.

[t is evident from the schematic that resisiers R10,
R, R12, RI3, ond R14 form ¢ voltage divider from the
junction cf the negative supply to ground, ond at the

--+—— 400 VIIOOO v

~Epp
c2 RI
= i
VI v2 =
- T 2\
CRT OTHER
FiL FILS
= +

junction of FI0 and R il some positive voltage exists,
The control arig is supplied with a positive unblanking
pulse, produced by tre start-stop sweep nenerator, which
enables the CFT to monict. As in conventional circuits
variction of the voltz=e on the qrid permits the CRT to
conduct more or loss neovily, Arode no. 1 is connected
to a much lower point on the divider: thus it is effectively
much more positive thon the arid and cathode, and attracts
the electrons from tme cathode. By varyine the d-c ootential
on this focusing anode, the electron beam from the cothode
is directed so that it converges ot @ point on the face of
the CRT. Anode no. Zof the ORT i= aroonded; thus,
since it is at 0 more vositive voltage thar the focusing
anode, it attracts the electron beem and accelerates it.
Tre accelerating onode is © concentric ring similer to the
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115V AC

Typical Power Supply

focusing anede, and the focused beam passes through the
centet, losing only stray unfocused electrons. The second
anode current, therefore, is minute and does not detract
from the beam. As the beom passes from the accelerating
anode to the face of the tube, it passes between two sets
of deflection plates. The plates of the set nearest the
second anode are positioned horizontally above ond below
the tube centerline, and deflect the beam vertically., The
plates of the second set are nearest the face of the tube,
and deflect the beam horizontally.

Each deflecting plate {1 through D4) is controlled
by a separate potentiometer (R3, B4, F7, R8), and the
plates are isolated and belanced equelly by being con-
nected to the positioning controls through equal resistors
R2, RS, R6, and R8. Each plate is alse connected to the
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deflection amplifiers, through a coupling capacitor, in a
push-pull arrangement. Thus the CRT is balanced for dc,
for ac, and for any stray capocitance to qround. Since the
isolating resistors (R2, BS, B6 and R9) are always of o
very lorae value, the deflecting plates may be connected
ints any circuit without danger to the cperater (it takes a
current of only a few microemperes to drop the positioning
voltage to zero).

Power Supply. A typical power supply for an ele-
mentary synchroscope is shown in the accompanying
illustration. Two full-wave rectifier tubes are used with
a single transformer to supply positive low voltage for cir-
cuite other than the CTRT and a negative high voliage for the
GRT. The lower-voliage supply is u conventional full-wave
rectifier circuit with the center-tap arounded, and B+ is
taken from the cathode and apolied to ¢ single pi-type C-L
filter (T1, L1, and C2). The neaative hich voltace supply
uses the other full-wave rectifier tube {V3Z), with the plotes
parallelconmected s a half-wave rectifier, and a low volt-
age center tap used as a common ground.  Becouse the
small amount of current taken by the CRT, the simple B-C
filter offered by the bleeder resistor Rl end capacitor C3
is sufficient {or hum elimination. The filoment windings
for the CRT, as well as other tubas, are also included on
the same transformer, providing @ compact and economical
power supply.

Horizontol {Sweep)} Channel. There are two types of
sync signal input available at the input of the harizontal
channel. A positive pulse derived from ihe signal input
may be taken from the coupling amplifier, or some extemal
sync may be appliad {rom an external source.

With the sync switch in the int. sync position, o
positive pulse {(taken from the coupling cmplifier} is ap-
plied to the sync pulse amplifier, whete it s inverted,
amplified, ond formed inta o shord soike. The circuit used
to develop this spike is shown in the accompanyinm iiis-
traticn.  The positive pulse is applied through capacitor
Clto triede Vi, where it is inverted and amplified ot the
plate. The variable potentiometer R determines the
amount of omplification of the signgl. The sync pulse is
coupled through capacitor 7 and resistor R3, which de-
velops a differentiotec torm ot tne neqotive rectangula:
pulse. The output is taken from across B3 1n the form ol o
neqative snike occurring at the pulse inout frequency.

The typical sweebagenetalar is 3 stati-s10p mubi-
ViDTQtor, shown in ine gccompanying illustration,
circult s o cathode coupied ype of siaftss
vibrator, with the grid of V1 ot a high Do.bltive “ote ntial
and theqnic of ¥ 2 mr o Lign nenative wize valug, o0 tha
V1is normally conducting heavily and v 2 18 normoliy
cutofi, Witk the apphbogtion of 1he nenative input pulss,
Y1 is cut off and V2 is brought & maximum conduction for
a periad of time determined by tne Lime constant of the
circuit. This time constant 1s dependent on the values o
R2, Cland R4, 02 The resultine output, taken from the
plate of Vi, iz ¢ positive rectanqular pulse ohmned duting
the time that V! iz not conducting, Besides uum‘ the
recluncular output for unplanking the 3T 4 v
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Sync Pulse Amplifier
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that the input signal is to he viewed, the rectanaular out-
put pulse is appiied to an RC circuit (RS and 53 where
it is inteqgrated. A sawtooth output is then obtained from
3, which has the someduration as the unblanking pulse.
This sawtooth is applied to drive the output sweep cmpli-
fier shown in the cccompanying illustration. The output
sweep amplifier is o paraphase push-pull type ot ambijfier
which produces o sawtooth waveform fromeach output,
equal in amplitude but of oprozite pelarity. The sinale
input {driving} sawtocth is appliec through Ci to the qrid
of V1where it is amplified and inverted. The output of
Vl is applied to the grid of V3 and across voltage divider
F3and RE, connectad from output to mound. The veltags
dropped across Hb is applied to the grid of V2 Since i
input of V2 is 180° out of vhgse with the input of V1,

the outputs of V1 and VZ are likewise 1807 out of phase.
The outputs of V1 and V2 ore applied to V3 and V4, re-
spectively, where these outpits ore omplified ond supplied
to opposite horizontol-deflection plates in the CRT to
produce a balanced deflection of the electron beam {de-
tailed description nf the cperation of paraphase amolifiers
can be found in section B of this Handbook ),

Vertical Channel. [he sianaol inpit is noodied 160 ihe
vertical channet throunn an nput imoedance seieclo
circuit, whicn is used to matoh the Lutpul impedance o
the simnal soutce to the input impedance of the coupling
amolifier. & tvoical, simplitiec, input Mnpeconce seleciu
ircuit is shown in the GP(*OT"D(‘T“'JI““ illustration.
inpur amplitier,
with the inont sinae beina conpled o the contrel aric of
V1 across an input voltare divider consistine of variable
ragistor R 1 and fixed resistor RZ. The voriable resistor
provides both o means of attenuatins the inpor °"r'1(1] and
o method of supplying a variable lnul.h 1mpECGﬂ\.E‘ for the

:Vnchmcr‘npp' while fived resistor B2 uc.{‘?ﬂ"?"}CS me mini-

This circuit uses o typ

29
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+E UNBLANKING
bb PULSE TO
CONTROL GRID

(o &
HIGH ' I
NEGATIVE L

VOLTAGE

Start Stop Sweep Generator

Paraphase Push-Pol! Amplifier

mum input impedarce to V1. Together this resistive input
arangement focilitates matching the input impedance of
V1, to the impedance of the sinnal source. Resistors B3,
R4, and R5 are different values of cathode bius resistors.
These different values are selected by o switch to provide
a lerge range of attenuation for the input sianal by chanc-
ing the input bios. Capacitors C1, CZ, and C3 are con-
ventional cathode bypass capocitors asseciated with these
cathode resistors.  Besides providing @ variable input im-
pedance, ond a large ottenuation range, the input selector
circuit provides high amplificution with undesired inversion
of the input signal ot the plate of V1. Therefore, another
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amplitfier stage {2} 1s provided to stoply on edditiondl

180° phase shift, so that the output of stage V2 is in phose

SIGNAL
INPUT

C3 RS
AL
B

Ce

Input Impedance Selector Circeit

with verticol input signal. The output of the input imped-
ance selector circuit is applied to a coupling amplifier.

The coupling amplifier, shown in the accompanying
illustration, has two functions.

+Epy

R4 1/
TO SYNCHRONIZING

PULSE AMPLIFIER
(HORIZONTAL CHANNEL}

o ¥l
TO DELAY NETWORK
INPUT {VERTICAL CHANNEL)
R2 ) \
o— —0

1=

Coup“ng Amplitier
One functicn is to supply a pulse to the synchronizing

pulse amplifier when internal syne is used, This syne
pulse, which is the inverted and amplified input to the
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coupling amplifier, is obtainec at the plate of VI, and
is coupled through an Int—Ext. sync switch to the sync
{pulse) omplifier. The pulse then serves as a triqoer for
the start-stop sweep generator.

The second function of the couphnq arplifier is to
act as a cothode [ollower, providing on impedance mateh
for the low-impedance input of the delay network. This
input is the uninvertec signal pulse obtaired at the
cathode of V1 without cmplification, A potentiometer is
used for BZ instead of a fixed cathode resistor. The po-
tentiometer setting determines the amplitude of the pulse

obtained ot the cathode of ¥V 1. This potentiometer functions

as g vertical image size control,

The pulse chizined ot the cathode of the conplineg
amplifier is cpplied to o delay network, which prevents
the pulse from causing a verticd deflection of the eleciron
beam until shortly after the sweep has storted. (A typical
delay time is 1/2 usec.j. An cccompanying illustration
shows a delay network which may be used. 1t is composed

of series inductors and shurt copecitances terminating in @

resistor having ar chmmic value eaual to the total imped-

ance value of the foreqoing inductors and capacitors. The
delay effect is due to the fact that each capaciter retards

the voltage Som dppeciing ccress it, and each inductor re-
tards the current from flowing twough it. The terminating
resistor minimizes reflections of standing waves. (Stand-

ing waves upset the normal function of the delay line and

introduce errar}.

DELAY NETWORR
Delay Network

The deloyed signal is coupled throuch & siang! at-
tenuator, which is a tapped voltage lelcler to the veruccl

x 1
z:*.p ifer, A h:r\u:rw ottennotor is chow

+ commoneated 1o redyce the

dlsmbutEG :md str 5 "C[‘,’JO"HC["ICE' of this circuit and the

At gt stare

.utIO\ﬁrnr., cirguit, Freguer Anans
further provide the voltaae division ratio {resistive and
reqctive} of the input

lavel at the higher frequencies cor he compensated for in

al, =o that the loss in sinnal

23]

the following empiifiers. Atenueion collpensation is
usually effective over the entire useful frequency ronge of

the scope. When g potentiometer type of gttenuator is used,

the Gttencua'nr Dotentlometer is fTF'f‘iJE’I‘C\ -gensitive he-
=o from the

ran
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INPUT
Signa) Attenuotor
elements, and the electron tube input capacitance to qround.

While the resistance of the potentiometer must be ags high
as possible to maintoin maximum input impedance, the
greater the resistance, the greater the effect of the stray
capacitance. Since there is only one setting of the attenu-
ator arm whers the resistance division ano the capacitance
division are the smne ratio, shunt capg sol and 82 me
added to the attepuator, os showr, in rheﬂlustmtmn 1o pro-
vide frequency cormpensation, When the cttenuctor {81) is
in position Z, the input tothe amplifier is reduced to one-
tenth of the total signal acresa the voltoge divider. R2is
then one-tenth of Ki plus RZ. The ratio of the copacitive
reactance is then chosen to be of the same order. That
is, the reactance of C2 and the stray capacitive reactance
is, the reactance of CZ and the straycapacitive reactance
of C3 ismade to be one-tenth of the total reactenes of Tl
in series with the parollel comhinetion of C2 and C3.
Nermally, becouse of the difficulty in measuring the stray
cepacitonce indicated by T3 U lis made varinhle and is
adjusted during operation to produce the best compensatian
effects, using & squore-wave input {this ismade initially
and once calibrated reovires only on urcasional check).

Since most ctienuoiors and ""ppthT'-‘w }“c»o reuuve\.
high-frequency response fecause of the shunt fiect
of stray capacitance, a parallel R-C circuit in series with
the inpot lead is usnally incerted tohooat the ,h]ctive
xeapo.mc of the =k froquoncio

& typical three-stace vertical amplifier is shown in

the accompanving illustration; it drives o push-puil
paraphicse deflection cutput amplifier, similar o the one
used ag the horizontal sweep a*ﬁphher

Although V1 Lus lts cothode connectad 10 ¢ nogotive
high voltage supply, the plate current flow througs = iand
R2 is sufficient 1o bias the r-ol“or"e positive with respect

#~ rroningd ]
o cround. o

C'.

The output of cothode fnllowesr V1 is token

i
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Yertical Amplitier

from the cathode through C2, which is o large value capaci-
tor, and applied to an input gain potentiometer B3, Capaci-
tor C3is a conventional filter capacitor used to bypass

the neqative supply. Vertical gaincontral R3 centrols the
amplitude of the input signadl to the two-stage, high-qain
compensated video amplifier consisting of V2 and V3. Both
high- and low-frequency compensaticnare employed in

each stage. The cathode of V2 is bypassed by a small
capacitor, which makes it degenerative for low frequencies,
thus reducing the response and flattening out the low-
frequency response, Low-pass R-C filters R5, C5, and

R6, C& offer a high impedance to the low frequencies and

a shunt path to the high frequencies in the plate circuits

of the amplifier. Thus the effective load impedance at low
frequencies is increased, which compensates for the normal
drop off, and extends the low frequency response, The
high-frequency response is increased by pedkinig coils L1
and .2, which compensate for the shunting effect of tube
and wiring capacitance, providing a tecctance which in-
creases with frequency. To help improve the high-
frequency response, plate locd resistors K4 and RB7 are
made low invalue 1o reduce the shunting effect of stray
capacitance. To improve the low-frequency response, the
time constants of B-C coupling networks C7, R8 and C8,
R12 are long. Amplifier Y3 is fixed-hiased by connecting
the cathode to the junction of R10 and R il, which are
connected as o voltage divider in series between the plate
supply and around. Cathade resistar R1i is also unbypassed
50 that the circuit is completely deqenerative for high and
low frequencies, further improving the over-all frequency
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response. The use of ¢ fixed cathode bias sets the oper-
gting point of V3 and helps stabilize the stage. The outpw
of V3is fed to cathode follower output staqe V4, which is
biased positive with respect to ground by plate current
flow, even though the cathode is returned to the minus sup~
ply. Varigble potentiometer R13 serves as an output and
positioning control for the following paraphase amplifier.

FAILURE ANALYSIS,

Beam-Positioning Circuits. Usually, o control circuit
failure is indicated by loss of a specific control function,
and can be quickly verified by o resistance or voltage
check. It must be understood that all controls affect the
electron beam in some manner, and that the controls are
interacting. Forexample, increasing the intensity of the
beam will also thicken the beom and require a readjustmen:
of the focus control for the thinnest line at that intensity.
Likewise, a change in accelerating anode potential will
cause a change in spot diameter and the meximum intensity
availeble. Where high humidity and excessive moisture
prevail, control failures from insulation bregkdown are
usually more prevalent because of the high potential in-
volved, which causes a short circuit to ground.

Pawer Supply Circuits. Because of the high neqgotive
potential used for operation of the CRT electron qun,
the synchroscope power supply is particularly suscep-
tible to flash over, particularly in domp humid locations.

A voltage check is usually soificient toreveal the logation
of the trouble.

Horizontal (Sweep) Channel. A failure in the hori-
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zontal channel can be due to a {dlure of any of the indi-
vidual circuits comprising the channel as well as two
circuits within the vertical channel. If the input impedance
selector and the coupling amplifier, the two circuits within
the vertical channel, are the cause of the sweep failure;
ihe vertical deflection will also be defective as well as the
sweep. If this is the case, voltage and weveform checks,
made by @ voltmeter and an oscilloscope will reveat the
location of the faulty component within the two circuits, If,
however, there isno trouble with the vertical deflection and
faulty sweep exists, the trouble exists within the three
horizontal channel circuits. Bedqinning with the sweep
amplifier, the inputs should be checked with a voltmeter and
an escilloscope. 1f the proper input exists the tiouble is
within this circuit, If an improper input exists check the

input of the start-stop sweep generator with an oscilloscope.

I the input is proper the trouble must exist in the start-stop
sweep generator.  Voltage and waveform checks with a
voltmeter and an oscilloscope will reveal the location of
the faulty component. If the input to this circuit is proper,
check the input to the sync {pulse} amplifier. If the coup-
ling amplifier is working properly and the sync selector
switch is functioning properly, the trouble should be within
the sync {pulse) emplifier, Voltoae and waveform checks
with a voltmeter and oscilloscope will teveal the foulty
component,

Vertical Channel. A failure In the vertical channel
ts characterized by improper omplitude of 1he presento-
tion of the pulse on the synchruscope screen. There are
six circuits which could result in the vertical channel
foilwe, Two of these, the input impedance selector, and
the coupling amplifier, produce sweep failure. The trouble
shooting of these circuits has already been mentioned.
The other four circuits of the vertical channel, the push-
pull parophase amplifier, the vertical amplifier, the signal
attenuator, and the delay network, affect only the verticd
display of the scope. If the failure exists in the delay
network, the vertical deflection will not cccur at the
proper time interval with respect to the sweep. 1ithis
etfect is apparent on the display, check the delay network
with an oscilloscope to determine where the improper wove-
forms of vollagesexist. U the fuilure exists in the push-
pull paraphase anplifier the vertical position of the display
on the CRT screen is improper If this is apparent on the
l_uSptGy check the ‘JC‘HL‘""“ and wavelorms of the .uualrl:'uu
pcrcphase amplifi hoan ﬁﬂml lescope 1o det
where the faulty component
thevertical channe! have been checked and found to be
operating propetly, and tiouble still exists in the verticd
disploy, the troubie must exist inthe signal attenuator of
the vertcal omplifier. 7o dotermine where the uouble
exists check the appropriate voltages and waveloms
un oscilioscope.

Tr
is locuted. I these circuits of

vith

CRT DISPLAY CIRCUITS.

The CRT displaysupplies o visua

igials which are applied wihe !

le
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fmportant uses te which cathode-ray-tube displays and
their associated circuitry are applied is the locotion of
objects of tarqets in space, This is the prime purbese of
radar. Generally speaking, there are two types of radar
systems; the pulsed rador system, and the continuous
wave tadar system.  Since continuous wove rador systems
are very rarely used, the discussion in this section is
limited to displays assaciated with pulsed radar systems.
The display units used in pulsed radar are either de-
flection modulated or intensity modulated. These terms
describe the method by which the echo signdl affects the
trace or: CRT. In deflection modulated displays, the input
sianal, after heing detected and emplificd, iz qpplied o the
detlection system of the CRT, and shows up as a bulse or
pip on o circular of single horizontal sweep line. Tyvical
radar displays of this type are the A-scope and the J-scope.
In intensity-modulated systems, the echo is fed to an
intensifying circuit, which changes the bias on the control
grid of the CRT. The control grid is nomally biesed at
cut~off. When the signa! is received, it causes the bias on
the control grid of the CRT to become less negative,
thereby increasing the density of the eleciron beam and the
intensity of the wrace. Typical redar displays of this rype
are the B-scope and the C-scope.

APPLICATION.

The A, B, C, and J-scope type CRT presentations are
relatively simple radar displays used for the purpose of
locating the position {ranqe and bearing) of o target with
respect tc the position of the radar.

CHARACTERISTICS.

A-Scope and J-Scope presentations use deflection
modulated displays.

A-Scope and J-Scope presentations use single line
displays.

A-Scope and J-Scope presentations show only one com-
ponent of location (usually direction).

B-Scope and C-Scope presentations use intensity modu-
lated displays.

B-Scope and C-Scope presentations form rectangular
tield displays.

B-Scope and C-Scope displays show two components of
location {usnally direction and ranqge}

A-scope, J-scope, C-scope and DU-scepe displays are
usuaily desiqned to use electrostatic detlection systems,

CIRCUIT ANALYSIS.

General. 1he A-, B-, U-, and J-Scope displgvs con-
stitute the most commonly encouriered types of radar
disploys employing electrostatic type cathode ray tubes.
They respond to the reception of echoes of sianal pulses
striking specific tarqets, ¢nd present these echoes as pips
or illuminated tarqets onthe trace of the display, indicating
location of targets through the time relationship of the
echo signals compared with the sweep signals,

The typical A-scan is shown in the accompanying
illustration. Il consists of a single horizontai iine with a

3
N
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transmitted pulse identication, representing the beainning
of the sweep, and echo pulse indications, representing
targets. The transmitted pulse indication has on ampli-
tude greater than any of the other eche pulse indications.

The A-Scope is primarily used in conjunction with othar
radar indicators, since the A-Scope can only locate the
range of a target. The A-Scope Is particularly used in
artillery fire contrel because of the accuracy of its range
determination. The A-Scope is also used as a test instru-
ment to chserve video input signals during the testing and
alinement of redar receivers.

TRANSMITTED el
ECHO

-

CRT SCREEN

SIGNAL AMPLITUDE

RANGE
A-Scope

A typical J-Scan is shown in the accompenying illus-
tration. It consists of a single circular trace line, which
remains ot @ relatively constant distance from the center
of the CRT face. A main pulse indioation on the circular
trace indicates the beginning of the sweep, and the echo
pulses are located somewhere along the circumierence of
this circle. The distance between the echo pulse and the
main-pulse along the circumierence of the circle, indicates
the ranqe of the tarqet. A calibrated tange ring is vsed to
measure the distance glong the circular trace.

The J-Scope is used in radar for extremely accurate
range determination of ¢ particulor torget. In the lobora-
tory, the J-Scope is opplied to the measurement of very
short time intervals.

A typical B-Scon is shown in the acrompanying illus-
tration. It consists of a rectangularly scanned field made
up of parallel vertical trace lines, with the center line of
the field representing zero azimuth (dead ahead) position.
The radar location is at zero azimuth position on the hori-
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zontal base line. Any torgets which appear to the right or
left of this center line are actually located to the right or
left of the ship or radar center line, at the vertical distance
shown,

The B-Scope is used in redar systems for continuous
scan of an assigned areq, chiefly for ground {or sea)
targets in a limited sector,

TARGETS | peap TARGETS
DD TO THE
TQ THE AHEAD RIGHT

LEFT

[40
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B-Scope

A typical C-5can is shown in the accompanying illus-
tration. It consists of a rectanqularly scanned field mode
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up of a number of parallel horizon-al lines; the center
vertical line which bisects the herizontal lenath of the
field represents zeto azimuth position, while the center
horizontal line which bisects the vertical length of the
field represents zero elevation position. A1l vertical
positions above the zero elevation position represent a
positive elevation, ond all verticel positions helow the
zero elevation represent q negative elevation.

The C-Scope is used in radar systems for continuous
scan of an assigned area, chiefly for aircraft interception
and beam landing.

TARGET ABOVE TARGET
AND TOLEST TCAD

3
!

TARGEY

BELOW
AND

TO RIGHT

- e ELEVATION
1
3
T

C-Scope

Circuit Dperation. The A-and J-Scopes are similar
in that the signal is obteined from the radar receiver and
applied thraugh vertical amplifiers (o the vertical deflection
elements of the CRT. The monner in whick each type of
scon accomplishes the sweep, however, iz differant.

A typizel A-Scope atrangenent iz shown in the accom-

panylnq block diagram.

lu the A-Scope arrangement G mqae qnoi is fed to

the trigger amplifier =ta7

echo siaral iz applied oo ¢

vertical |\mmrn nmn}uwgr rA the TS

starting the sweep may come from either the t imer within

the indicatar ar [ror tha tramcemirae Thos

egel uIn"iJiiu'-::x
both emplifies sl starpers ger puxse wmm is
then applied tn the trigqer shere s
saowtooth voltane 1eoror"1ﬁpn andd apelied o *“e horizontal
daflestice Blaten The xcaux\.\‘(ﬂ sweep procuces g straight
horizantel *rar*e lire on the CET, With the application of
the received vclw signal, a vertica! deflection in the form
ef a pip appecrs located somewhere alona the horizontal
trace, The distance betwean the radar antenna and the
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target s indicated by the linear position of the pip on the
trace. Some of the pulse voltane of the transmitter is im-
pressed ditectly upon the receiver, and produces a large
pulse onthe extreme left of the CRT trace. All distances
are measured Telative to this pulse, To facilitate the
measurement of the cistance of the acho nip from the zern
reference point {trangmitter nulsel, ~alibtated markers
genergted by the marker generator staze are also applied
to the CRT. Thus hy counting the cumber of morkers be-
tween the transmitied signal and the received echo, target
distance is quickly determined.

A typical J-Scope is shown in the corresponding block
diagram. & crystal oscillator and o phose-shifring network
furnishes two sine-wave voltaqes, 919 out of phase, 1o
both sets of CRT deflection plates to preduce a circular
trace. The trigner and sweep ciranits blank ont the tube,
intensitving the election beam only during the active
sweep time, The I-Scope display is the same as the A-
Scope display, sxcept thot the J-3cone uses o cirmilar
sweep rather than a linear sweep., Time and ronge measure-
ments on the J-Scope are more geenrate then thage of the
A-Scooe since ﬁ'm T W‘nnn scan is lonzer The tcrqct

irom the center Ui e

10 orofune taese p,ps another
Dlec 1ode (s
metatlic rod inserted throunh the fac the tuhe, aimpst
reaching the defiection piates. The eﬁho simmals then are
appiied to this center electroqe fram the vertima! amplifier.
The -Sr-ope and the C-Scope, like the A- and J-Scopes
are mostly similar in their mode of operation. The B-Scape
and the C-Scope both use intensity moduloted displays,
that is the echo swnals appeur as hrinht patches against o
ity medudation s produced by ap-

~— b iy
CHT electiods s intronuess, Tt

plyir.q th e ampl J{le-‘ ec'r-o sicnals 1o either the confrol arid
or the eathedr sf'th
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iNPUT CATHODE
VIDED
REFCREOI;‘EHO * AMPLIFIER o CENTER TRUE
ELECTRODE
PHASE-
CRYSTAL SHIFTING
QOSCILLATOR NETWORK
TRIGGER SWEEP INTENSIFYING
CIRCUITS y CIRCLATS CIRCUIT
J-Scope

C-Scope, the sweeb scans ¢ tectanaular area on the screen
of the CRT. Also, in both the B-Scope and C-Scope, the
hotizontal axis always represents ozimuth, On the other
hand, the verticel axis on the B-Scope represents range
while the vertical axis on the C-Scope represents elevetion.
The block diogram of a typical B-3cope and a typical
C-Scope afrancement is shown in the corresponding block
ditgrom. The only difference in the circuitry between them
is the omission of the vertical sweep qenerater in the C-
Scope. The vertical deflection circuits of the B-Scope are
driven by o linear timebase signal from a sweep generctor.
This sweep is initicted by o sync signal from the central
timing circuits of the tadar. The vertical deflection cir-
cuits of the C-Scope are driven by @ sweep voltage from o
varighle potentiometer connected the radar antennd.

0967-000-0120 CRT CIRCUITS
RECEWED S
SIGNAL et
INPUT AMPLLFIER K ]
CATHODE
RAY
TUBE
ANTENNA
HORIZONTAL
AZMUTH ol POSITIONING T ?
VOLTAGE CIRCUITS '
T — i
3 VERTI i d
} CAL
TRIGGER __ oo - - -+ sweep .- £
| _SENERATOR

B-Scope ond C-Scope

The horizontal-defiection circuits of the B-Scope and
C-Scope dre the same type of circuits os those used for
the vertical-deflection system of the C-Scope. The hoti-
zental motion of the antenna is translated into a reqularly
varying (sweep) voltage which produces the herizontal
sweep for the cathode-ray tubes.

The electrostotically deflected CRT commen to the
A- B ,C-, ond J-Scopes is shown in the followinag illustros
tion with its accompanying control circuitry. The rod
shaped detted lines, extending from the fuce of CRT almost
to the deflection plates represents the electrode used only
in the J-Scope to which negative video (echo) signals are
coupled. This electrode causes the electron bedm to be
deflected radiolly owtward in accordance with the incoming

signals.
)
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Electrostatic CRT Used in A, B-, C-, and J-3copes
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1t is evident from the schematic that resistors HS,

R10, Rll, R1zZ, R13, R14, R15, B16, R17 form a voltage

divider network. The cathade of the CRT is connected

at @ less neqative point on the divider than the arid, the

qrid is negative with respect tothe cathode, and is adjusta-

ble by means of potentiometer B13. R13 then, as in con-

ventional circuits, permits the fuhe 1o conduct more or

less heavily. This is the intensity control. Ancde no. |

is connected to @ much lower point on the divider througt:

potentiometer R135; thus it is effectively less negative

than the cathode and arid, and attracts electrons from the

cathode. This is the focug contrel. Ry varving the d-¢

potential an this contrel, the electron beam from the cathode

is directed g0 that it converges at o point on e faoe

of the CRT. Ancde no. £ is at a positive potential and as

anode ro. | attracts electrons from the cathode. It provides

the function of acting as an auxiliary focus control and an

accelerating anode.  As the heam passes from the anceler-

ating anode to the foce of the tube, it passes between two

sets of deflecting plates. The horizontally positioned

plates deflect the beam verticelly and the vertically

positioned plates deflect the beam horizontally,

A balanced deflection system is used for this cathode-
ray tube. Each deflecting plate (D1, D2, 03, and D4 is
controlled by separate dual potentiometers {(RZ, ®3, B6
and R7, respectively), and the plates are isolated and
balanced equally by being connected to the positioning
controls through equal resistors B, B4, RS, ond R8. A-C
halance is provided by capacitors C1, C2, C3, and C4.
Since the isolatina resistors Rl R4, RS ond B8 are ol
ways a very large value, the deflecting plates may be con-
nected into any circuit without danzer o the qperatar.

FAILURE ANALYSIS.

Cathode-Roy Tube. Usual[y, a control circuit failure
in the CRBT iz indicated by loss of 0 specilic contrel
function, und can be quickiy verifiec py o resistance or
woltage check. It must be understood that all controls
affect the electron beam in the same manner, and that the
controls are interacting. For example, increasing the in-
tensity of the beam will slso thicken the beom, md 1
quire rendjustment of the focus control for e thinnest
fine at thot intensity. Lixewise, a cnange in the accel-
erating anode potential will cause @ chanee in spot dio-
meter and the maximum intensity available, Where hial
numidity anc excess motsture orovail, cortrol failures
from insuiation breakdown gre usualiy more prevelent be-
couse of tne ningn potentiel invelved, whick cquses g short
circuit to around.
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It it is found that all of the voltages on the CRT
electrodes are proper the CRT must be the defective
component. If, however, the voltages on the CRT
electrodes are not proper, and the associated control cir-
cuitry is checked and found to be proper and the power
supply is functioning properly, the foult must exist in
some stage preceding the electrode with the improver volt-
age on it. It is also possible to determine the area of the
fault by the CRT indicotions.

In the A-Scope, if the improper voltage or waveform
exists on the horizontal deflection plates and the CRT
indication shows that there is an improper or no horizontal
sweep, check the input of the triggered swesp generator
with an oscilloscope. If it is correst the fault lies in this
circuit. If the voltage is incorrect, check the input of the
trigqer amplifier with an oscilloscope. 1 the trigger empli-
Ber input is correct the faulty compenent is in this stage.
i1 the input is incorrect and an extemal trigaer is used the
fault is in this external source. If, however, the input of the
trigger amplifier is incorrect and the trigaer is obtained
from the internal trigger qenerater, chack the input to the
intemal trigger generator with an oscilloscope. If the volt-
aqge or waveform opplied to the intemal triqoer generator is
improper the fault should be in the tmer. 1f the CRT dis-
play indicates that only the range markers are missing the
trouble must be in the marker generator.

1 the improper voltage or waveform is present on the
vertical deflection plates the trouble must be in the vesti-
cal amplifier or circuitry prior to the A-Scope indicator.
Check the input of the vertical amplifier with an oscil-
loscope. If it is correct the fault is within this circuit.

in the J-3cope, if circular trace is improper and im-
proper voltages or waveforms exist on the vertical and
horizontal deflection plates, check the input of the phase
shifting network with an oscilloscope. If the input is
proper the fauit is in this circuit. [, however, the input
is improper the fault is the the cwstol oscillator, I the
intensity of the display is improper and the voltage existing
on the control grid is improper, check the input of the sweep
circuits. If the input is proper the fault is in the these cir-
cuitg. If the input is improper the fault must be in the trio-
ger circuits. If the improper siqnal exists onthe center
electrode of the CRT and if the video signal on the display
is incarrest, check the mpu\ of the vmeo omvhher with an
sseilloscope
video umpﬂnez.

in tha padgr rnes

the fault is within tn(:

£ imnIs =,

noicper e foult must |
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In the B- or C-Scope, if the voltanes or wavelorms
on the hotizontal plates cre improper, or if the horizontal
trace is improper check the input to the horizental position-
tng circuits with an oscitloscope. If the input is correct
the failure is in the horizontal positioning circuits. If the
input is impropet, the failure is in the antenna czimuth
sweep voltage. 1f the voltoges or waveforms on the verti-
cal plates of the B-Scope are improper, of if the vertical
trace is improper check the input of the vertical sweep
qgeneratar with an oscilloscape. Tf the input is proper the
failure is in the vertical sweep generaior. If the input is
incorrect the failure is in the trigger source. If the voltages
or wavelormes on the vertical plates of the C-Scope cre im-
praper, ot if the vertical trace is improper, the antenna
voltage must be incorrect. lf the target echo signals are
not present cn the control arid of the CRT, check the input
to the videc amplifier stage or stages with an oscilloscope.
If the input is proper the fault is within these stages. If
the input is improper the failure is in the radar receiver.

ELECTROMAGNETIC CATHODE-RAY TUBE.

A cathode-tay tube is an electron tube in which the
electrons trajecting from the cathode toward an anode
are facused inte a concentrated beam which eventually
strikes the luminescent screen. This beam is varied in
position and intensity which produces a visible pattern on
the screen. An electromaanetic cathode ray tube utilizes
magnetic fields o provide ¢ means of focusing and de-
flecting the electron beam,

Electromaqgnetic cathode-ray tube circuits cre pre-
ferred where the cathode ray tube {commonly) referred to
as CRT) is to have a larqe screen dicmeter. The electre-
mogretic CRT hes several advantages over the electro-
static tube. Some of these advontages are thatt a well
focused electron beam of higher current density can be
produced; greater accelerating voltages can be used to
obtain brighter screen patterns without as areat @ reduction
in the deflecticn sensitivity of the tube; the structure of the
electron qun is simpler and more rugaed; and the over-all
length of the envelope is shorter.

A picterial representation of the electromaanetic CRT
is shown in the accompanying illustration.

The electromannetic CRT uses a triode type qun. 1t
consists of an indirectly hented cylindrical cathode closed
off at one end by a small plate, which is coated with
barium and strontium oxides. The oxides emit a large
rumber of electrons. A twisted heater element is contained
within the cylindrical cathode to bring the cathode to the
operating temperature. The contrel qrid is also a cylinder,
which surrounds the cathode cylinder. It contains a batfle
with a tiny aperature of smaller diameter than the emitting
surface of the cathode, which is located very close to the
opetature. Beyond the conwol qrid is o hollow cylinder
which contains several baffles and which has its circum-
fererce around the same exis os the contral qrid. This
cylinder is the cceelerating anode which is connected to ¢
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conductive coating within the tube. This coating acts as
an extension of the accelerating anode and as an electro-
static shield, There is no second anode for focusing as
there is in the electrostatic CRT. Instead, anexternal
focusing coil encircles the neck of the tube and magneti-
cally focuses the electron beam. The complete focusing
system is composed of two lenses, one is produced by the
electrostatic field between the control arid and the following
electrode. This electrostatic field causes the electron
beam to converge ot ¢ point some distance before the mag-
netic field of the focusin g coil which acts as the second
lens, After the electrons travel beyond the convergent
point they cgain begin spreading until they enter the mag-
netic field of the focusing coil, where the reaction cguses
the electrons to later converge at the phosphorescent
screen, if the position of and the current through the coil
are correct. The position of this extemal focusing coil is
not only capable of being varied along the neck of the
tube, but the physical construction of the coil also pemits
one side of it tc come in closer proximity to the tube than
the other. This characteristic of the focusing coil provides
a means of centering the electronbeam as well as focusing
it.

The methed of accermplishing horizontal and vertical
deflection also relies on en extemal electromanetic
force. This electromacnetic force is provided by a set ol
coils, which encircies the neck of the CRT ad is located
aiter the focus cail. Usudlly four deflection coils are used.
Two of these are wired in series and are mounted in such
a way as to produce a mametic field whose lines of force
run vertically through the neck of the wbe. This vertical
magretic field couses horizontal deflection of the electron
steam. The other pair of coils is wired in series and
mounted in such a way as to produce o magnetic field whose
tines of force run horizontally throuch the neck of the tube.
This horizental magnetic field causes a vertical deflection
of the electron stream. A current is used to activate the
coils ond produce the magnetic fields at right males to the
electren movement. The amount of deflection that may be
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obtained is dependant upon: accelerating mode voltage,
distance between the screen and the deflection coils, lenath
of the magnstic field, and the strenoth of the mametic
field, Thesa eﬂ_c*w. coils cre contained in a mounting
and called the deflection yoke. The position of the deflec-
tion voke, like the rr’*alﬂnn ot the fooue coil, con be shified
along the neck of the tube to vary the amwunt vf deflection.
The deflectior. yoke can also be rotated chout the neck of
the tube. This property permits the visud pattern or

raster to be centered squarely on the screen.

Anather element used on an electromagnetic CRT is
called the ion wwap, 1t removes o prodlem thet is specificaly
peculiar to the eIactrcr"c:*etic CR7. Neaative ions exist
ke BT GD U EE‘DULL ot e bU:!fLJL,llLl.’!JEI‘.T. of the residuai
gas of tube electrades by the emitted electrons. This con-
dition is of no consequence in an electrostetic CRT since
electrOSmtic focusinT networks ranfocus the ions along
with the electrons, It tie electomagnetic CR7T, howsver,
the greater mass of the ion orevents vraper focusing ond
deflection of these ions. The result is ¢ constant bombard-
ment of the screen at one particular spot, causing the
gradudl deteriotation of the phosphorescent matericl at this
point and a dark spot on the screen, There are several
types of ion traps that may be used. One tyoe consists of
a modified electron qun arrangement ong @ permanent bar
magnetic urit which is slipped around the reck of the tube
close to the electron qun. Althouah it is not shown in the
illustration, the qun is made to produce g bent electrostatic
field that carries both ions and electrons toward the ac-
celerating enode, ognet affeciz only tie
electrons in this combined beam in such 3 way that they
change their Zirection of motion and return towerd the main
axis of the tube. In this manner only the electrons strike
the screen, while the ions strike the anode and are re-
moved.

The types of scan and circulte used with the electio-
magnetic CHL are described in following paragraphs in
this section.

PLAN POSITION INDICATOR.

APPLICATION.

The plan position indicat (or PPI) type of radar
display isused when it
360 polar moy wiving
easily be comelated i
the target hut 2lao ph

Jpparent,

CHARACTERISTICS.

Uses electromagnetic TR

v use rotatine of stutionary deflection voke.
FFI CRT uses hin
PPT utilizes intensity modulation.

Antenna ond sweep trace are synchronized,

1h Dergistance phasnhar,

Center of sweep represants radar iocation.
Sweep starts at the center and moves radicllv outward,
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Angle of torget from heading represents bearing of
target.
[istance of target from center of sweep represents
range of target.

CIRCUIT ANALYSIS.

General. The plan position indicetor is 3 type of
radar display which utilizes on electromannetic CRT.
A high persistence phosphorescent material is used on
the face of the CRT, which permits the slow produced
by the electron bombardment to remain for a relatively
long period of time. Signals reilected from targets are
taken from the radar receiver and goplied to the control
arid of the TRT, viz limiting and amplifying circults,
during the sweep time of the beam. Intensity modulation
of the electron. heam accurs in accordance with the amplis
tude of the received echoes, which produce corresponding
bright portions on the screen.

The distance that the brightened portion of the trace
is from the origin of the sweep, is the range of the target.
The angle that ismade by the brightened portion of the
trace with respect to the zeto deqree radius of the sweep
constitutes the bearing {or azimuth} of the tarmet, This type
of display also permits an cpatator to locate o taret with
respect to the position of physical features of an areq,
which are shown on thedisplay in the form of a polar map,

The rotating sweep which characterizes the polar map
display is produced by ¢ magnetic deflection field rotating
in synchronization with the radae untenna, This mav be
accomplished by 2 mechanical azimuth sweep (rotating de-
flection yoke) or electrical azimuth sweep (stationary
deflection yokel.

A pictorial representation of g typical PPI display is
shown in the following illustration.

¢ N

BEARING

ANTENNA <,
POSITION <
-

/ ~ 4
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@ f ISLAND

CHANNEL
MARKERS

Typical PPl Display
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Circuit Operation. The circuits used in the discussion
Jf circuit operation are typical circuits used in PPl dis-
play , but do not represent every circuit that could be
used in PPI displays. A block diagram of a simple PP1
display is shown in the accompanving illustration with
corresponding waveforms, An anlvsis will be made of the
operaticn of each representative circuit corresponding to
the block diaqgram.

The timer trigger is @ neqotive pulse obtdined from
the timing circuits, and used to actuate the start-stop
multivibrator. The multivibrator produces neqative qate
signals which are applied to the sweep generator and the
marker generator, and g positive qate signal which is ap-
plied as an unblanking qate to the control grid of the CRT.
A typical start-stop multivibrater is shown in the accompo-
nying illustration. Resistors Rl and RZ are grid bias re-
sistors for triodes V1 ané V2, respectively. Fesistors R3
and B4 are theplate resistors for V1 and V2, respectively.
Capacitor 1 couples the arid of V1 to the plate of VL
Capacitor C2 couples the arid of VZto the plate of V1,

Normally, triode V1 is conducting due to the positive
bias applied on the qrid of V1 At the same time, triode
V2 is nommally cut off due to the fixed neqative bios ap-
plied to the grid of V2. A negative pulse applied to the
arid of V1 reduces the conduction of V1, cousing the plate
voltage to increase. The positive plate voltage swing of
V1drives the grid of V2 inte conduction, thereby decteasing
the plate voltage of V4 This decrease (Neqative swing)
in the plate voltage of V2 is fed back to the arid of V1 and
drives V1into cutoff. The circuit now rests in the opposite
condition with VZ conducting heavily and V1 cut off.
During this period the flat portion of the output pulse is
generated, Since capacitor C1 is connected 1o the positive
supply through Rl, it eventually develeps a positive charge
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which is sufficient to bring the qrid of V1 abave cutoff,
Once again V1 conducts and the negative plate swing is |
coupled to the qrid of V2 through C2, driving V2 towards
cutoff and producing the trailing edae of the square wave
as its plote voltoge rises. Eventually, V1 isbrought to

the state of maximum cenduction and V2 is brought to
cutoff, where the circuit stablizes due to the positive
biasing voltage on the grid of V1 and the high neqative
bias voltaqge on the qrid of V24 Another neqative pulse
must be applied to the grid of V1 in order to change the
conduction states of Vi and V2.

From the description of the circuit operation of the
start-stop multivibrator it can be seen that with the cppli-
cation of cne neqetive timer pulse to the input, one nega-
tive rectanqular pulse is obtained at the plate of V2. This
negative rectangular pulse is used to oparate the swesp
generator and the marker generator. At the same time, a
positive rectanqular pulse is taken from theplate of V1
and is applied to the control qrid of the cathode ray tube
for unblanking use.

The typical sweep generator, which receives the neao
tive rectanqular pulse from the start-stop multivibrator,
produces a trapezoidal sweep. The following schematic
is that of @ typical sweep generator circuit. The neqative !
rectanqular pulse is applied to the arid of trinde V1, which .
acts as a high speed switch, Besistor R1iis theplate
resistor of VL. Rlis also part of an 1¢ network, which !
determines the anplitude of the leadina edge and the slope |
of the trapezoidal waveform, when Viis cutoff, Resistor
R2 is dlso part of the r-c network when Viis cutoff. Its
value also affects the amplitude of the leading edae of the
trapezodial waveform. Capacitor Cl is the capacitive part
of the r~c network, Its value affects the slope of the
trapezoidal waveform.
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When no rectangular pulse is applied to the input
tricde V1 iz conducting and effectively shunting R
Cl. As the negative rectanqular input pulse is applied to
the qrid of V1, ronduetion of V1 ceases and the nlate
voltare rizes towards the supply value gerercting the lecd-
ing edge of the trapezoidal sweep waveform. The cutting
off of Vi acts like opening a switch, and causes capacitor
Ci and rasistor BZ tn he bronahkt intn ~irenit action, An
equivalent circuit with corresponding waveforms is shown

in the accompanying illustration for eqse of nndarstandins

derstanding,
Capacitor Ti L.}.amss up to towards the value of the plate
supply voltage through resistors Rl and B2 ot o rote de
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pendent on the producr of Cl times the sum of Ri and RZ
The output is taken across capacitor Cl and resistor R2.
Thus, as capacitor Cl charges, the voltage drop across Rl
appears at the output. The output voltage increases toward
the plate voltage supply at the charaing rate of capacitor

C i until the end of the negative fectcmqulor inpm pulse

naciting trad]in Fors) drives V1

+ thic #im
QOCUrS: (At thistime AEEE

Atehisims heinaniius drdiline s
into conduction, removing capacitor £ 1 and resistor B2
from the circuit action by effectively closing the tricde
switch shown in the illustration of the equivalent circuit
of the sweep generator.  The circuit remains in this state
until the next neqative rectanqular pulse is applied to the
input. The resultant output waveform is = trapezoidal
pulse for every negative rectannular pulse applied to the
input.

.
L

Equivalent Trapezoidal Sweep Generator Circuit

il

The trapezoidal pulse is applied to a sweep ampli-
fier where it is amplified before beina applied to the sweep
coil circuit. A typical sweep amplifier is shown in the
accompanying illustration. Capaciter Ci iz ¢ coupling
capacitor and the grid of V1is returned to ground through
grid resistor R1. Cathode bias is provided by resistor R?
and R2 is bypossed by capaciter 2 o provent any de-
generative effect. Vacuum tube V1is a beam power tube,
used becouse of its high power sensitivity. Power ampli-
fication is required 1o provide suffimient corrent to the da-
flection coils. The coils 'ncry reqnire fmr 0 to 100 milli-
amperes of cur en! o1 &

Pt

ardaosistenea B cton o] ond oot as

the plate locd The output wove-
form, ot ”‘C‘DI As this waveform

is applied to ¢ he ue‘lec ion coil, it becomes resolved 1o g
sawtooth waveform across the resistance of the coil, md »
square waveformacross the induntanse, '_'Hn crtrra e
across the inductance produces g sawtosth swoen current
due to cumrent lagging voltage in o irductance. {For ae
tatled information on mmolifier ~irrivits rafar to cacting £
of this Handbook),
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Tre PPl sweep starts ot the center of the CRT, and
moves radially outward to the periphery of the CRT. The
sweep trace position is made to indicate target bearing {or
azimuth) by rotating it in synchrenization with antennc ro-
tation, This can be accomplished by any of several methods
in two general categories. The first category uses a
mechanical azimuth sweep, which provides ¢ means of
physicelly rotating the deflection yoke in synchronization
with the antenna. This may be accomplished by using
synchronous moters connected to the same power supply
which drives the antenna and the deflection yoke; or it
may ke accomplisted by using electromechanicel repeaters
to provide proper synchronization. The accompanying fig-
ure illustrates how deflection is produced at the cathode
Iay tube.

The second method is to use an electrical azimuth
sweep which uses & stationary deflection yoke. The
amplitudes of the sawtooth sweep currents are varied
sinusoidally, from zero to meximum, corresponding to the
rotation of the antenna. Furthermere, there is a 90° phase
difference between the amplitude variations of the hori-
zontal and vertical sewtooth waveforms. The sinusoidal
variation is such that ot maximum amplitude of the vertical
sawtooth siqnal, the sweep will extend from the center of
the CRT to the top of the CRT, or the maximum vertical
position, which usually represents north, The amplitude

" of the horizontal deflection sawtooth waveform is zero, at
this time. Thus, the sweep does not extend in the hori-
zontal direction at all. If the sweep were to represent
East, or 90° east of the directior. of trovel, the horizontal
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Mechanical Azimuth Sweep

deflection sawtooth amplitude would be maximum and the
vertical deflection sawtooth amplituce would be minirmum,
or zero. Once the sweep travels beyond East, or 90° east
of the direction of travel, the amplitude of the vertical saw-
tooth becomes neqative; and, once the sweep travels be-
yond South, or 180° from the direction of travel, the hori-
zontal sawtooth amplitude hecomes neqative also, The
accompenying fiqure shows the deflection coil currents for
electrical azimuth sweep,
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In order to obtain two sinusoidelly varving sawtooth
waveforms, having a 90° phase difference, a rotary trans-
former is used. This transformer resembles a small electric
motor and has two secondary windings, which are mounted

22.22




ELECTRONIC CIRCUITS NAVSHIPS

at right gngles to each ather in the stator housing, The
primary is mounted on the otor,-which is driven by the ro-
tating entennc. A trepezoidal-wave generator is connected
to the primary winding by meons of slip rings. As the roter
is turned, the voltage obtoined from sither secondery veries.
Maximum voltage is obtained from one secondary when

zera voltage is obtained from the cther. The transformer

is sG construcied that the amplitude of the output voltage
varies sirusoidally with the rotor angle. The amplitudes

of the trapezoidal cutput voltages, then, vary sinuscidally,
and are 90° apart in phase. The trapezoidal output valtages
are applied to separate power amplifiers. The required saw-
tooth sweep currents are obtained at the output of the

power amplifiers. Sweep clampers are usually used to

keep the reference level constant, nrd cavee every sweep
to start ¢t the same point on the CRT.

It was mentioned previously that the start-stop multi-
vibrator has ¢n output applied o the control qrid of the
CRT and to the marker generctor, ns well a5 1o the sweep
generctor, A positive gate produced by the multivibrator
is applied to the CRT control grid, This positive pulse
increases the election flow between the cathode ond the
face of the CRT, and permits the intensity of the trace to
increase during the period that the timing pulse is applied.
This is in reality an unblanking qate which permits the
CRT 1o be operated ot the desired time.

The neqative rectanqular pulse applied to the marker
generator from the start-stop multivibrator is used to trig-
ger the production of range marks on the screen of the CHT.
These range marks provide a means of determining repre-
sentative distances of targets fromthe orimin. & typical
range marker generator is shown in the accompanying
illustration. It is comprised of four tiodes, the first of
which (V1) acts as a switch for wivdes V2 and V3, whick
can only conduct when V1is cutoff. Tricdes V2 and V3
form a complete poth for the series resonant circuit 1.1 C3,
or L2 C4, which determines the frequency of the range mark
pulses. Tronsfermer T1 differentiates the output waveform
of V3 before being applied to V4, which serves as a cathode
follower output stoge. Capacitor Ci is an input coupling
capacitor, and resistor Rl establishes contact bias for V1
Resistor B2 is ¢ plate voltage dropping resister to provide
V1 with a lower potenticl than the plate voltage value of
V2 Resistor R4is o common plate locd resistor for
trivdes V1 and V2. Besistor B3 places the cathode of V1
at a less positive potential than the cathode of V2, Be
sistor RS holds the grid of V2 at approximately zeto bias.
Resistor RE =erves as q tetum 0 ground for the qrid of Y2,
and copaciter O2 places the giid 01 ¥2 0t an o-¢ qrousd
potential. Resistor B7 places the cathode of V32 at sore
potontial thun we camods of V3. Resistor
R8 is gt ol ¢ cowmode blas voliage divider on the cethode
of V3, The divider consists of F3 and B8 which places
different fixed bigs on the cathoues of Vi, VZ, and V3 re
speciively., Tne pumary of T1 serves as a plate load for
riode V3. Capeciter C5 couples the differentioted woveiomm
0 the qrid of the cathode follower, V4. Resistors K1l and
18 place the grid of V4 at some highly neaative potential.

tess no
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Resistor R10 provides a 3-¢ returr, © ground for triode V4
and together with R11 forms a bios voltoge divider between
the negative supply and ground. Resistor R12 is the zathode
resistor of V4 and serves to match e cutput of the cathede
foliower.

Priot to the opplication of the sweep starting pulse
from the stort-stop muttivibiator, the trinde V1 is conduc-
ting, which keeps the plate voltage at a low value. This
low voltage prevents the plate voliaze of V2 from beina
higher than the grid voltage of V2, This low plate wltage
of V1 also causes the potential at the grid of V3to he
less positive than the cathode and of sufficient neadtive
value to cutoff the tube. Wit V32 cuto™ na autput siongl is
developed.

When the negative sweep staft pulse is applied 10
capacitor Cl, triede V1 is cuteff, which couzes the plate
voltage of Vi te incrguse, and the veltcae on the plate of
Y2 to increase, and at the some Hime couzers the ~id vall-
age of V3 to increase. With tne increosed grid voltace,

V3 conducts completing the circuit containing triode V3,
the seties resonant circuit of LY C30r L2 C4, triode V2,
and the primery of T1, A pulse type wavelorm is produced
by this circuit with o frequency dependent on the value of
the rtesonantcircuit. The wavelorm is applied to transformer
T-1,where it is differentinted by the inductance in conjunc-
tion with the resistance of the primary before being coup-
led 1o the secondary of Tl From the secondary of T1,

the differentiated pulses are applied to the qrid of cathode
folower (V4} throunh copacitor C5, which blocks out any
d-c comnanent, The ouiput 15 obtained from cathods re-
sistar RiZ This output is not only decreased in ompli-
tude and in phase with the coplied pulees, T it iz 2o
limited to positive pulses by the hinh renarive bias on

the grid of VL These pozitive pulses are then apolied to
the control grid of the TRT 10 increcse the intensity of the
troce at the point whete the rarne morker tinas are to ooour,

The viden simna! iz zpplied to u biased video limiter,
where the sional is made to vary chove a specitic level,
s0 that the zignal will not become so negative as to
cause blooming on the screen. A schematic of the video
limiter is shown in the gccompanying illustration, The
limiter consists of only three componants; tealstor 54,
uged 16 Jip the uppiied veltoge when diede V1, the

second component, is conducting, gnd voltone acurce Eog,
1 tl

the third component, used to establish the limiting
Witk roy i} ar Vol there will me oo cromnal o Db,
; arpenar it the
i, Swoe and the voltase
source Eee, since the nonconducting diode acts os an oper
froud St LGl besiis Gomng renative, the
ounaiiected; since the nenative veltan

outpnt unaffectod b

or theplime of V! olied negative sig-
nal, therehy maintoinin: nonconaucting state.
When the signal pecomes as nenative as Ece, V1 beqins

1 Ry

inpui becomes more neqgative, the outpyt <til! remains qt
the value of the source voltage Ecc. The cutput voltaqe
will vary as the input signel only when the fnpst signal
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Range Marker Generator

resister, ond resistor B2 is the cathode bias resistor,
which, along with R, establishes the total grid bias, R2
is made varigble to requlate the qain of the amplifier,
Capacitor C2 is the cathode bypass capacitor, which by-
passes the ¢-c signal to qround and prevents degeneration.
R4 is the screen qrid dropping resistor, and capacitor Cl
is the screen grid bypass capacitor. The load consists of
resistor RS, and resistor RE; however, at high frequencies
the signal bypasses RE through capacitor C4. Capacitor
CS is the coupling capacitor to the following stage.

INPUT ouTPUT

_E,

Video Limiter

INPUT RI

becomes more positive than Ece.

The output voltage of the video limiter is applied to
a videc amplifier, or severdl video amplifiers, where the
voltage is increased in qain before being applied to the
cathode of the CRT. A typical video omplifier is shown in
the accompanying illustration. Resistor Rl is the qrid leak Video Amplifier
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Up to this point, the components which wete discussed
could form @ common amplifier. The remaining components
add to the previously discussed components to form the
video ampiifier. Inductance L1 is a series pecking coil,
which functions as g series filter for passing required
frequencies. It also isolates circuits preceding it from
circuits following it, Resistor B3 aids L1 by extending
the effects of L1 and brocdening the Q charquteristics,
Inductance L2 is g shunt peaking coil, whick forms o
parallel resonant circuit with the distributed copacitance
{C3) and provides o high impedance for the signal. Capaci-
tance C6 is the inter-electrode and distributed capeocities
of the following stage. Vacuum tube V1is a pentode.

The neqative signal coming from the videc limiter is
applied directly o the grid of the ube Vi, decreasing the
conduction of V1 and varying it in accordance with the
signal variction, end ot the same time establishing a bias
level through resistors Bl and B2, The variation in con-
duction rate of Vi produces on oppositely varying piate
output voltage, which is developed across resistors RS and
R6. The hiqtet frequencies of the signal, which would
notmally be lost or distorted by distributed capacitance
{C3) and the interelectrode capacity, are passed undis-
torted by means of the series pedking {L1) and shunt
peaking coils (L2} inserted {n the omplifier, These coils
form resonant circuits with the effective capacities, per-
mitting the higher frequency siqnals to be passed easily
to the output and preventing these frequencies from being
shunted to ground. (For a more detailed discussion of
video amplifiers refer to section § of this handbook,) One
or several video amplifiers may be used to provide the
desired amplitude of output sianal,

FAILURE ANALYSIS,

Stext-Stop Multivibrator.

No Output. Since the start-stop multivibrator is re-
sponsible for producing synchicnized sweep, range morkers,
and intensified trace during the time that information is to
be presented, a defect in this circuit will affect each of
these areas. If no output occurs it will be difficult 1o
localize the trouble, since no spot will eppear onthe CRT.
This effect can alsc be caused by the sweep generator or
sweep amplifier havina no output.

The no-output condition, in the stert-stop multivibrater,

may be due to lack of signal or lack of plate supply voltage.

Check the signal with an oscilloscope ot the input of the
multivibrator, Check the plate supply voltage with a volt-
meter, If the no-output condition exists and there is nlate
supply voltage, the condition may be due to o combination
of faulty components. If resistors R3 and R4 were both
open, of if triodes V1 and V2 were both defective, the no-
output condition would occur. Megsure the resistors on a
ohmmeter, If the condition still exists, triodes V1 and V2
are probably defective,

Low or Distorted Qutput. If @ low or distorted output
occurs in the start-stop multivibiater, it becomes more
apparent that the trouble 13 in this stase, rather than the
sweep genetator or the sweep amplifier, since ecch ore of
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the three applications of the multivibrator will show the
effect of the trouble.

The low or distorted output may be due to any of the
following component {ailutes: Shorted or open plate load
resistor R3, shorted or open plate load resistor R4, shorted
or openbias resistor R1, shorted or open bias resistor R2,
shorted of open capacitors Cl or C2, improper plate supply
voltage, defective tricde VI, defective triode V2, or im-
proper input signal.

To determine which of these component fcilures is
responsible for the condition, make the following checks:
measure the input siqnal with an oscilloscope; measure
the plate supply voltage with a voltmeter, and
adjust the supply for the proper voltage; measure the re-
sistors with an ohmmeter to be certain that they are of
the proper ohmic value and within tolerance; and measure
the capacitors with an i n-circuit capacitor checker. f
these components have been checked ond the condition
stli exists, triodes V1 and V2 are probably at fault,

Trapezoidal Sweep Generator.

Mo Ourpur. If no cutput is obtained at the output
terminals of the sweep generator, no sweep is produced
and the cathode ray tube will indicate only a single spot
at the origin of the sweep.

A no-output condition may be due to anv of the following
circuit foilures: no plate supply voltage, open resistor R,
open capacitor CJ, or open resistor B2 To determine which
of these is responsible for the no-output condition, first
check the input signal with an oscilloscope, Check the
plate supply voltage with a valtmeter, and odjust the supply
voltage to the proper voltage vaiue. Check resistors Ri
ond B2 with an chmmeter, and check copucitor C1 with an
in-circuit capacitor checker.

Low or Distorted Output. 1f a low or distorted cutput
is ohtained at the output terminals of the sweep generator,
and the proper input signal is applied, the foult may be due
to any of the same component failures that accur in the
no-output condition, plus the possibility of a defective
triode, V1. The same checks apply in the low or distorted
output condition 65 in the no-output condition. if these
checks do not locate the trouble, triede V1 is probably
defective.

Sweep Amplifier.

Ne Output. If no output is obtained ot the output
terminals of the sweep amplifier, no deflection will be
produced and the trace will be in the form of 4 single dot
at the origin of the sween.

A no-output condition may be due ta any of the il
lowing circuit failures: open copacitor C1, no plote supply
voltage, ne input signal, or g defective triode, V1.

To determine which of thess failures is responsible
for the ncroutput condition, use the frllowing checks:
medsure the input sianal with an oscilloscope; measure
the plate supply veltege with o volimeter, and adjust the
source if it is the cause of the condition; measure capacitor
Cl with an in-circuit capaciior checker. If these checks do
nat locate the trouble, triode V1 is probably defective,

22-25



ELECTRONIC CIRCUITS NAYSHIPS

Low or Distorted Output. A low or distorted output
may be due to any of the following circuit foilures:
shorted capacitor C1, shorted cr open resister R1, shorted
or open resistor B2, o shartad or open capecitor C2, low
plate supply voltage, or a defective triode, VL

To determine which of the circuit elements is respon-
sible for this condition, make the following checks:
megsute copacitors Cl and C2 with an in-cireuit capaci-
tor checker; measure the values of resistors Rl and B2 on
a chmmeter; measure the plate supply veltage source with a
voltmeter, and adjust the source to the proper plate supply
voltage. If these checks do not lead to the defective part,
trinde V1 is probably defective.

Range Marker Generator.

No Output. A no-output condition in the range marker
generator will result in no range markers being produced
on theface of the CRT. This condition may be due to any
of the following circuit failures; no plate supply voltege,
defective triode V2, defective tricde V3, open or shorted
transformer T 1, open inductors Ll or L2, open capacitors
C2 or C4, open capocitor C5, open or shorted resistor
R12, or defective tricde V4

To determine which of these components is at fault,
mcke the following checks: measure for possible defec-
tive resistors with an ohrameter; check the applicable
capacitors with an in-circuit capaciter checker; check the
ohmic values of inductors L1, 1.2, and the primary and
secondary windings of transformer T1. Check the plate
supply voltage with a voltmeter, and adjust the plate supply
voltage if it is not the proper voltage. If the no-output
condition still exists after all other checks have been
made, triedes V2, V3, and V4, and probably defective,

Low or Distorted Output., Low or distorted output may
result in improperly situated range marks on the screen
of the CRT. This condition may be due to any of the
following circuit failures, providing the proper input
signal is gpplied: improper plate supply voltage, shorted
capacitor Cl, shorted capacitor C2, shorted capacitors
C3 or C4, shorted capacitor C9, shorted inductors Ll or
1.2, shorted ot open transformer T1, shorted or open re-
sisters R1, R2, B3, R4 RS, RG, K7, B8, B9, R0, or R1l;
or defective triodes Vi, V2, V3, cr V4

To determine which of the components is responsible
for the condition, make the following checks: check the
applicable capacitors with an in-circuit capacitor checker;
check applicable resistors with an chmmeter; check in-
ductors and transformer windings with an chmmeter; Check
the plate supply voltage with a voltmeter, and adjust the
supply if the voltage is not the correct value, If the low or
distorted output still exists after checking and correcting
any of the possible foregoing failures, the tubes are
probably af foult.

Video Limiter.

Since the video limiter is composed of three compo-
nents the failure analysis may be simplified.

Mo Output. In order to have o no-output condition, an
open resistor B, an open bies supply voltage Ecc, or a
defective diode V1 would have to exist. This no-output
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condition would result in no indication of the torget as
well as no indication of the areq being sconned.

To determine which of the three components {s respon-
sible for the no-cutput condition, measure the bias supply
voltage with a voltmeter and adiust it if it is not the
correct value; measure resistor Rl and check V1.

Low or Distorted Output. A low or distorted putput
would result if any one of the same three components is
defective. Use the same checks to determine which of the
components is responsible for the low or distorted output
condition,

Video Amplifier.

No Output. A no-output condition in the video ampli-
fier would result in no visual representation of the target
of scanned creq. This condition may be due to absence of
signel, absence cf plate supply voltage, open resistor B,
open resistor RS, open inductor L2, shorted capacitor C4,
open capacitor C5, er o defective pentode V1L

To determine which of these components is defective
make the following checks: measure the input signal with
an oscilloscope; check the plate supply voltage source
with a voltmeter and adjust the source to the proper value,
if it is not the proper voltage, check resistors RS and RB
with an chmmeter; check inductor L2 with an chmmeter, an
check capacitors C5 and C4 with an in-circuit capecitor
checker. If the no-cutput condition still exists after these
checks and corrections have been made, pentode V1 is
probably ot fault.

Low or Distorted Outpur. A low or distorted output
may be caused by any one of the actual circuit compenents
being defective, ot an improper input signal.

Te determine which component ts at fault, use the
following procedures: check the input signal with an
oscilloscope, check the plate wltaze supply with o volt-
meter and adjust the supply voltage to the correct value,
it it is not at the corect value. Check all resistors with
an chmmeter and check the ochmic values of inductors L1
and L2 with an ohmmeter, Check capacitors with an in-
circuit capaciter checker. [f all of these checks do not
locate the defective compenent, pentode V1 is probably at
fault,

OTHER TYPES OF ELECTROMAGNETIC SCANS.

APPLICATION,

Of the remaining types of electromaonetic scans three
generdl types dre probably encountered more often than
any others. These scans are the spiral, the RHI, and
TV scans. The spiral scan is usuclly used for range
measurements where it provides a much longer time base
than is gvailable for circular or linear scans. The RHL
scan is used where it is desired to determine the range an
target height as a specicl radar presentation, and the
television (TV) scan is used to reproduce scenes or
images.
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CHARACTERISTICS.

A long persistence type of CRT is used with the RHI
and spiral scansg, while o medium persistence CRT is
used with the TV scan to prevent blurring of themoving
images.

In the RHI scan the horizontal base line always indi-
cates range, while the keight is indicated vertically.

The spiral scan may start at the center of the CRT
and rotate spirally outward, or start at the periphery of
the tube anc rotate spirally inward to the center, depending
upen design,

The TV scan uses a two teld, odd-line interlaced
scan aperating ot A frames vertically per second, and
525 lines horizontadly, (a sweep frequency of 15750 Hz).

Secanning begins at top left of the CRT ecnd trovels to
the right and dowi.

Eachframe consists of 525 individual herizenta!
scanning lines wnich move from top to bottom.

CIRCUIT ANALYSIS.

General. The spircl scan, the BHI scan, and the TV
scan are all produced by meens of an electromagnetic de-
flection system; however, each may be produced bvan
electrostatic deflection system for special applicetions.
The spiral and the RHI scans are similar in circuitry and
in operation 1o previcusly mentioned TRT coonz, The TV
scan is unigue ia comparison to these scans, since, this
type of scan produces a detailed reproduction of o specific
scene or image.

An BHI scan is similar to an off-center PPI scan,
but hus un clevution or height indication in place of what
would normally bethe azimuth or bearing indication, as
shown in the cccompanying itlustration,

TARGET
INDICATION —

Range Height indicator Scan

The actua’ reprezentation: of the traune op the 50
criginates at he lowsr left sids
herizontally t the richt, and vertically at the same time,
resulting in an angular type display. The horizontal dis-
tance represents the ranne and the vertical distance repre-
sents the heisrt. The origin of the trace represents the

of the screen und extonds
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radar location. There are equidistant vertical lines along
the angle of the display, which are range markers, A
movable horizontal line appearing across the pottern is
used to determine the height of the tarqet. Tarmste appear
as intensified portions of the trance on the CET.

The spiral scan is used when linear and circular
traces do not have ¢ sufficiently long time bases to rerord
certain data with the required occuracy, The soiral scen
is evolved from the circular scan, as used in PPl and is
shown in the accompanying illustration.

TARGET [NDICATION

~RETRAGE LINE

Spiral Scon

The ranae of the scan can he varied by changing the
number of turns in the spiral. The sweep rotates at a
constant rate of speed, so that equal diviginns 2long the
spiral indicote equal range increments, The spiral scan
may start at the center of the trace, o= it doeg in PP,
but it rotates spirally from the center of the CRT and only
reaches the periphery of the tube by the end of the sween.
It is possible, too, that the spirgl scan may stort at the
perip%ew o* the tube ond rotete cpizally toward the center
of the CRT, oniy reuching the center of the CRT v the end
of the trace, The arigin of the sweep represerts the
position of the radar location. Targets arerepresented by
intensified portions of the trace,

The TV, or uniform linear scon, is based on a beam
that moves much as the human eye does in scanning
written page, It moves from the top left to the right and
rapidly returns to the left, onlv slightly further down from
the top than the previons line, It moves this woy untd
reaches the bottom of the sweep on the rinht cige, '
however, only constitutes holf of o complete trame,
complete the second hal? irame trne swoep 18 ragidly re-
turned 1o the top center of the CRT. The first line in the
second half frame gescends less than tre first line in t'HF
first half frcme since the second hcl‘ feame starts af ¢
top center end has lezz horizonte! ¢ ot
less time for the line to descend than the
In this way, the secord half freme fills in :.\_cr“i“~ h’nef‘
between the lines that were scanned durina the first half
frame.

i
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TV Scon

The TV scanning sequence when looking at the picture
tube is shown in the cccompanying figqure. The scanning
spot starts in the upper left hand corner and travels at o
uniform rate from left to right along lines that lie at a
distance below each other as shown by the solid lines in
the figure. When the end of a line such as ab is reached
the scanning spot quickly returns to the left (that is from
bto ¢ to start new line cd. During this return interval the
spot is blanked cut and so is not shown in the figure. As
the scanning spot moves back and forth across the tube,
the spot also moves downward at o constant rate, Hence
the lines in the figure are slightly sloped, and each line
begins at a level that is a little below the end of the
previcus line. When the bottom of the picture is reached
(point e in the fiqure), the spot quickly returns to point { at
the top of the picture, while maintaining the back and forth
horizontal line metion uninterrupted. Since the time re-
quired to travel from e to f corresponds to the passage of
a number of lines, the spot traverses ¢ path similar to that
shown in the retrace figure as it goes from ¢ to f. This
return pattern is not seen by the eye, however, as the spot
iz blanked out during the return.

The standard television picture takes /80 second to
go from the top to the bottom of the picture and return to
the top. During this time, which is called one field 262.5
lines ore transmitted. Because each field containg o half
line, the next field lies between the lines of the first field
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as indicated by the dotted lires in the figure; thus succes-
sive fields are interluced. The complete picture, called a
frame, therefore, consists of 525 lines and is transmitted
in 1/30 second. The original pattern showing the trace
lines is what is ohserved on a television receiver in the
absence of g picture, and is termed the raster. Interlacing
makes it possible to avoid flicker while using the lowest
tepetition frequency for the picture that will satisfoctorily
portray motion. Thus, while o picture repetition rate of 30
times per second is adequate to give the illusion of con-
tinucus motion under nearly all circumstances, large bright
aregs repeated 3 times per second will have o noticeable
flicker. By interlacing, a flicker rate of 60 hertz is
achieved which is too high to be perceptible; at the same
time the picture is repeated only 30 times a second,

RHI Circuit Operation. The block dicgram of a typical
BHI sconning system is shown in the following illustraticon.
Since the operation of each basic circuit is described in
detail in other sections of this Handbook, description of
circuit operation is limited to the effect of each individual
stage on the total scan system.

The firat circuit to be considered is the gate circuit
stage. 1t produces positive and negative gates occurring
at the trigger input frequency which switches the range
sweep circuit, the height sweep circuit, the height line
generator, and the intensifier and intensity compensation
and, in addition, a special count-down gate which is used
1o gote the range marker circuit stage. The range sweep
generator is one of two stoges required to produce twe
linealy increasing, mutucily perperdicular, magnetic de
flection fields. One magnetic field, causing horizontal
movement cof the beam, is produced by current in the range
sweep deflection coil as o result of the valtage produced by
the range sweep generctor. The rate of increase of the
range magnetic field is proportional to the cesine of the
elevation angle of the antenna. The tange sweep generator
transforms a d-c reference voltage into the linearly in-
creasing megnetic field in the CRT, The rate of increase
of the magnetic field determines the speed at which the
beam moves horizontally across the screen and is pro-
portional to the d-c reference voltage.

The height sweep generator stage also produces a
linearly increasing magnetic deflection field. This magnetic
field supplies the vertical compenent of the CRT heam de-
flection. The rate of increase of the magnetic field is
dependent on the d-c reference voltage, which in tum is
proportional to the sine of the angle of the antenna ele-
vation. The rate at which the vertical maqgnetic field
increases determines the speed at which the beam moves
vertically on the screen.

The negative gate from the gote circuit stage is ap-
plied to operate the intensifier ond intensity compensation
circuit stage. This stage has two functions. One function
is to dllow signals to appear on the CRT only during the
sweeping periods. During the intervels between sweeps
the CRT is blarked off. The other function is to keep the
intensity of the CRT signals constant with the changes in
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the markers o appear as brinkt lines an the queen,

The vide s amplifier stone amplifies the video taret
signals receivad from the rodar receiver. It glso amplifies
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gating synchro rotor always corresponds with the setting of
the manua! sector contrel.

The resulting RHI sweep appears on the CRT os a
wedge. The vertex of the wedae, corresponding to the
origin of the trace, appeurs ct the left lower portion of the
screen. The horizontal distance of the trace corresponds
to the range, and the vertical distance of the trace corre-
sponds to the height or elevation of the trace. The range
indicating marks ore verticol lines, of intensified trace
wi.n enqular compensation, equidistant along o horizontal
plane. The height line is @ horizonte] line of intensified
trace. The video information coming from the radar re-
ceiver, which represents targets within the selected sector,
produces intensified portions of the trace at the range and
height positions cn the display corresponding to the actuel
location of the target from the radar location.

Spiral Scan Circuit Operation. A typical block diagram
of the spira! scan producing system is shown in the follow-
ing illustration, Since the operation of each basic circuit
is described in detail in other sections of this Handbook,
circuit operation will be limited to the effect of eoch stage
on the total system.

The primary controlling state is the start-stop multivi-
brotor. It converts an external negative timing pulse into a
number of square wave pulse to the sweep qenerator stage,
results in o trapezoidal sweep pulse output with the same
duratior as the squcre wave pulse applied to the input of
this circuit, ond occeurring ot the same frequency and time
as the input pulse, This trapezoidal sweep ocutput is ap-
plied to the sweep amplifier stage.

_V—

0967-000-0120 CRT CIRCUITS

The cpplication of the negative square wave pulse,
from the stert-stop multivibrator stone, to the trapezoidal
generater stage also results in a trapezoidal output, This
trapezoidal output, unlike that of the sweep gqenerator
stoge, is not of the sume duration as the input pulse, but
occurs for g longer pericd of time. This pericd of time
normally is an even multiple of the input pulse. The ratio
of the trapezoidal pulse to the neacative square input pulse
determines the number of turns in the spiral sweep on the
CRT. The trapezeidal cutput pulse, like the output of the
sweep generator stage, is olso applied to the sweep ampli-
fier stage.

The negative square wave pulse output from the start-
stop multivibrator stage is also applied to the markers
generator stage, where short duration marker pulses aqre
produced for applicaticn to the CRT control qrid. These
pulses produce intensified points on the sweep trace which
correspond to specific range indications.

The positive sgquare wave pulse produced by the start-
stop multivibrator stage is applied to the control qrid of
the CAT. This pulse provides unblanking of the sweep
on the CRT during the period that it is applied.

The trapezoidal sweep pulses produced by the sweep
generator stage and the varying amplitude trapezoidal
pulse from the trapezoidal generator stage are combined
in the sweep amplifier stage and amplified. The addition
of the increasing trapezcidal pulse to the sweep pulses
produces o continually increasing sowtooth sweep of cur-
rent through the deflection coils while the voke rotates.

w
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Theresulting sweep on the CRT is similar to that of
the PPl sweep, with the exception that each pulse pro-
duced by the sweep generctor stage does not produce
scanning line which extends from the center of the sweep
to the periphery of the CRT. Insteod, each sweep line ex-
tends a distonce from the center of the CRT which corre=
sponds 1o the amaunt of sawtooth custent accwurting in the
deflection coil, at that time. Since the curtent in the de-
flection yoke continually increases in a sawtcoth manner,
the distance that the sweep trace extends from the center
of the sweep incregses in ¢ linear mannet, while rotating
about the sweep origin, until it reaches the periphery of
the CRT, forming a spiral sweep.

The video input is goplied tn o vides limitar stage
whete any portions of the signal extending beyond the
limiting voltage level are clipped off. The limited sianal
is applied to g video amplifier stage. The video amplifier
stage amplifies the himited viden siqral, This amplifics
and limited video signal is then aopplied to cathode of the
CRT, where it causes the intensity of the election beem to
vary accordingly.

The resultant scen on the CRT appears as a spiral,
with the sweep origingting at the center of the CRT ond
aradually reaching the parithery of the CRT by the end of
the spiral, which may contain g number of tuns. Coul-
distant intensified points on the spiral sweep correspond
to range indication marks. Any other intensified points or
sections of the spiral, or extra-intensified ronge marks
correspond to target indications.

Television Scan Circuit Operation. '[he tvpical black
diagram of o television scanning system is shown in the
occompanying illustration, the scanning eystem comprises
approximately ane third of the complete television receiver,
The synch (pulse} separate stage, which containg o limiter,
an inteqrator and a differentiator is net actually part of the
scanning system of the receiver, but is included in the
block disgrom 1o give ¢ more complete description of tne
development of vertical and korizontal sweep pulses.

Actually the integrator and differentiator stace consists
of only ¢ resistor and copacitor combination.  The clipper
circuit eliminates gll portions of the composite video sianal
below the synch pulse level, The differentiotor network
segregutes te nonzontal pulse intoration from the com-
bined horizontal and vertical pulse waveform, and coplies
the intearated waveform to the vertical sweep staze.

The differentiator wavelorm is used by the ofc cireuit
to maintain the harizontal osciliotor output in ohose with
the iTinG paises

The frequency stabilized horizontal synchronizing
rulzes are applied t0 ¢ Iree-running multivibrator to de-
velop a sawiooth output wovelorm, This multivibrator, the
herizontal cscillator, operates o1 2 frequency which i3
slightly lower than the synchicizing pulse frequency. The
synchronizing pulses, then, tringer the multivibrator into
gction at the synchronizing pulse frequency.

A porticn of the output of the horizenta! cecillston iz
fed back to the ofc circuit to stghlize the horizontal fre-
quency, and the stebilized cutput is opplied to o sween
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amplifier, where it is amplified and coupled to the hori-
zontal deflection coil through a transformer. A sawtooth
current is developed in the horizontal deflection coil which
electromognetically sweeps the CRT electron beam hori-
zontally. The horizontal autput yansiormer is clso used to
furnish the high voltage for the CRT anode, and a damping
circuit is connected gcross the deflection coil and ocutput
transformer secondary to prevent continuous shock oscil-
lations from occuring in the horizontal deflection coil during
the retrace time of the sweep, The damper circuit is also
used to furnish an additional d-c beost voltage for the
norizontat oscillater as shown in the block diagram.

The intearated portion of the synchronized pulse wave-
furen, when applied to the vertizal gzcillater, tiggers
the vertical oscillator stage and a free-running multi-
vibrator when the value of the inteqrated waveferm recches
a certoin omplitude. The integrated vertical waveform
reaches this triggering level at @ specific, reqular rate,
which is much slower than the differentiated pulse rate.
The output of the vertical oscillator, is clso a sawtooth
1ype wavelom occurring at the triggering level rote of the
integrated wavetorm.

The output of the vertical oscillator is applied to the
sweep amplifier stage of the vertical sweep petwork, Hero
the vertical sweep waveform is amplified and coupled to
the vertical deflection coils, causing a sawtooth current 1o
be developed, which electromaanetically deflects the elec-
tron beam of the CRT in o vertical direction.

The resultant scan on the CRT is ane in which the
hotizontal sweep ocours at a trequency of 15,750 Hz
which is approximately 5000 times thot of the vertical
frequency. A total of 262.5 horizorntal lines is swept by
the time the horizontal scan has completed one top to
bottem (vertical) sweep ¢on the CHT. This vertical sweep
accurs & times g second, however, this only constitutes
half of @ complete picture frame. Thiting the next vertical
sweep an additicnal 262,5 horizontal lines are scanned
from top to bottom of the CRT at the same rate of 60 times
a second.  These lines ianterluce between those which were
sconned during the first half frame. A total of 525 hori-
zontal scenning lines are used to provide greater detall in
the picture. The recscn for coanning only 262,75 horizontal
lines for only one vertical sweep rather than scanning the
full 525 lines for one verlical sweep, is that if the 525

lines were scunned at one time the complete plotre would

fhicker,

The TV scen moves much as human eves do in
ning a written page. The
side of the TRT soroon 3
right with a very sliaht 4 ard movement 2t the same
time. The scon is rapidly retumed to the left side. After
complating the first borizontc) sconning line the CRT is
blanked out sc that it is incepeble of nroducing o vizible
line during this retrace pericd. Uson beine returned to the
left side of the TRT, the rext scon line is displaced slight-
ly further down thar the stamine point of the first soonning
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TV Scanning System

hundred sixty twe and one half lines ore scanned in this
manner, until the scan reaches the bottom center of the
CRT. Ugon reaching this point, the scan aqgain is blanked
out during the vertical retrace and is rapidly brought back
to the top center of the CRT. The same scanning procedure
as described for the first half-frame oceurs for the second
half-frame, only this time the scanning lings are inter-
laced between those scanned during the first half-frame.
The result is thot a complete picture appears on the CRT
screen 30 times a second, with half of this picture changing
B0 times a secord to eliminate flicker.

CHANGE 2

FAILURE ANALYSIS. -

RHI Seon. [norder for a no-cutput condition to exist,
which is characterized by no indication of any kind on the
CRT, a faulty power supply or o failure in each of the
circuits comprising the system would have to occur. It is
highly unlikely that every circuit in the system would fail,
s0 the no-output condition would nomally be limited to
power supply failure. Check the power supply with g
voltmeter to determine if the supply or o fuse is ot foult,

There ate several types of low or distorted outputs
associated with the BHI systemi. By locking at the trace
on the RHI indicator it is usually possible to determine
the probable location of the failing circuit,

prcr]




ELECTRONIC CIRCUITS NAVSHIPS

If there is no indication on the CRT, it is not nec-
essarily true that a no-output condition exists. [t only
means that either impfoper potentials ore being applied to
the CRT electrcdes, the unblarking circuit is defective, or
thet the CRT, itself, is defective. First determine if the
proper voltages and unblanking waveforms exist onthe
electrodes of the CRT, the deflection coils, and the
centering contiol with u high resistance voltmeter, and an
oscilloscope. [f the proper voltanes and wavelforms ace
present, the fault is in the CRT. If the proper volt-
ages and waveforms do not exist, proceed from the electiode
showing voltage or wavelorm back towards the preceding
stage to locate the defsctive component.

if, for example, the improper sianal exists on the
cathode of te CRT, the trouble may pen the intensifier
and intensity compensation circuit stage, or in the gate
cirouit stage, or the sweep circuit stage. If the input of
the intensifier or inten=ity compensation circult stage is

within this circuit.

I improper input voltage to the intensifier and intensity
compensation circuit stage exists the trouble preceeds
this stage. I the gote circuit stage input is faulty, the in-
tensity of the trace is rot synchronized with the range
sweep. 1f it Is the gate circuit staqe itzelf that is foulty
there will be no range or height sweep. If the trigger ampli-
tier end the gote multivibrator of this stoge are functioning
properly there should ot least be height and range sween.
The trouble may then be in the count-down multivibrator of
this stage,

If the range sweep generaior sioge s defective not
only is the intensity of the sweep affected, but the tonge
indication is also incorrect. If this condition is indicgted
by the trace onthe CRT, check the input of the tonae sweep
aenerator stace with oscilloscope to determine if the antenna
cosine reference input is incorrect and if this is correct,
check the parts within the stage.

1f the comect potential appears on the CRT cathode,
but not on the control grid, the video amplifier stage or
the preceding stoges may be ot foult. Check the severul
inputs of the video amplifier with an oscilloscope, If all
the inputs are found to be correct, but the cutput is fauity
the trouble must be inthe video amplifier staze, If the
videe amplifier staqge sircuits are not foulty the preceding
stoges must be the cause of the trouble. The presentation
on the CRT usually indicotes whick preceding staome is the
cause of the specific fquit in the CRT trace, If it is the
video signal, itzelf, that i imbioper the tronble exists
somewhere in the rodar recejver, rather thano in the BHL,
If the trouble is in the sector zating atgae the ORT presen-
tation will indicete imeroper sectar ansle or improper zelec-
tion of azimuth. If this indication is cpparent check for
the proper antenna beating synchro input with an oscille-
scope. If the sector positioning input signal is not ap-
parent at the seciol goting stage input the preceding
synchro or the serve amplifier stage may be ot foult, I
the synchio is functioning correctly check the servo
amplifier.
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1f the CRT presentation indicates that thete is no
height line available, the failure is either in the height
line generator stage, the tonge sweep qenerqior stage,
the gate circuit stdge, or the antenna sine reference input.
I any of these stages, other than the height line generator
stage, are faulty, other CRT presentation failures will also
be indicated. U, however, it is the height line generator
stage, only the height line will be missing from the CRT
presentation.

1f the CRT presentation indicates that there are no
range matks, the trouble must exist in the range mark
generator since any faulty stages preceding the range
marker generator stage would affect the presentction in
some other way.

1f there is no indication of height {or vertical direction)
on the presentation of the CRT, the failure is in either the
antennc sine reference input or the height sweep generator
stage. 1f the antenna sine reference input is proper and
present, the trouble must be in the height sweep qenerator
stage,

Spiral Sean. Failure of the CRT high veltage supply
or loss of the unblanking pulse would cause the indicator
to be blank and produce o no-output condition. Theck the
CRT anode yoltage with ¢ voltmeter, and check the start-
stop multivibrator for o positive unblanking pulse
using an oscilicscope. Usuclly observation of the
indicater will indicote the stage or stages which might be
foulty, For example, i there are no range marks visible
on the spiral trace and the display otherwise appears
normal, 1the marker generator is most likely at fault. Check
the sutput of the marker stage with an oscilloscope and, if
no markers appear when an input pulse is applied, the
marker genetator is defective. Likewise, if range markers
appecr on the trace but no targets appear, there is probably
no video siqnal applied to the cathode of the CRT, Check
the cathode voltage on the CRT with a voltmeter and use
an nscilloscope to check the video limiter input and the
video amplifier output. If no video appears at the cutput
with video applied to the input, either the amplifier or
limiter stages ate at foult, Check the video limiter output
to determine if it is at fault. [f there is either no video
input, or improper video input at the limiter it is obvious
that tte touble is not in the scanning system but somewhere
in the radar receiving system.

If there is no sweep apparent on the TRT hut a bright

pot exists at the center of the CRT, check for proper

Lo

d and cathode vollage with g voltmeter. i normal,

her the gwaep anplifier, sweep gensiaior, or lrapezoidal
generator may be at fault. Check the output of the sweep
amplifier with an cscilloscops and both inputs. 1 the 1n-
puts are normal but the output is improper the amplifier is
at fault. If either input is imbreper the siane supplying the
imoroper output is foulty, Also check the input to the
presumed fouity Stage to make certain the the proper input
gate is applied. If normaol sweep outputs are obtained,
either the CH'l' is defective or the deflection voke is open
of shorted. Check the resiztonce of the yoke coils with

an chmmeter.
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TV $con. Failure of the CRT high voltage supply, the
d-c boost supply of a defective picture tube will usually
produce a complete no-output condition with g blank CRT.
Use a high resistance voltmeter and high voliage probe to
check the high voltage, being careful to observe full safety
precautions to avoid the possibility of dangerous shock. If
the d— boost voltage is nomal check the electrode voltages
of the CRT. Failure of the d-c boost supply can be
caused by a shorted filter capocitor, a defective damper
tube aor eircuit. Check the filter capacitor for a short with
an ohmmeter and for proper vaue with an in-circuit capaci-
tance checker. If the boost voltage is low, the damper
tube is bad. Usuaily foilure of the damper circuit involving
sweep components, such as o shorted output transformer ot
defective deflection yoke will also cause loss of sweep,
and no raster will appear on the CRT screen. Check the
coils for the proper resistance with an chmmeter. Usually
defects in the sweep will be found in the section at foult.
1f the horizontal sweep is foulty check the horizontal sweep
stages from input to output with an oscilloscope the point
at which the waveform disappears or is distorted will
usually indicate the circuit at {oult. Likewise, for a
faulty vertical sweep check the vertical sweep stages for
input ond output weveforms in a similar manner,

For example, if there is no vertical deflection, cr a
vertically tolling picture, or some other apparent trouble
in the vertica! scanning en the CRT, and the electrode and
coil potentials have been checked, the trouble must exist
in the vertical sweep staqe or the inteqratar or clipper
sections of the synch (pulse) separator. First check the
input waveform of the vertical sweep amplifier with en
oscilloscope. If the proper waveform is present but im-
proper output exists, the trouble must be in this stage. If
an improper input woveform is present check the input of
the vertical oscillator with on oscilloscope. If the input
waveform is proper, but the output waveform is improper, the
trouble is within the verticol oscillator stage. 1f the input
to the vertical oscillator is improper the trouble exists in
the inteqrator ot clipper sections of the synch {pulse)
separatol stage or in prior 1eceiver stages, Also be certain
to check that the vertical synch pulses appecr in the input
signal to the receiver.

If the picture on the CRT is horizontally rolling or if
there are some other apparent horizontal scarning troubles,
and the electrode and coil potentials have been checked and
found correct, the trouble must exist in the horizontal sweep
stage, the afc stage, or the ditferentiator or clipper sections
of the synch (pulse) separator stane. Flirst check the input
of the horizontal sweep omplifier with an oscillascope. 1f
the input waveform is proper, but the output is improper,
the trouble exists within the horizontal sweep amplifier.

If the input of the sweep amplifier is improper check the
input waveform of the horizontal oscillator. if the oscil-
latar input is proper, the trouble is in the horizontal oscil-
lator. If the oscillator input is improper check the inputs
of the afc stage. If these inputs are correct, but the output
pulse is incorrect, the trouble exists in this stage. If the
input from the synch (pulse) separator stage is proper, but
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the input feeding back ‘rom the horizontal oscillater is
improper, the trouble is in the feedback circuitry from the
horizontal oscillator to the afc stage. [f the feedbock input
is proper, but the input from the synch {pulse) separator
stage s incorrect the trouble must exist in the differentictor
or clipper of the synch (pulse} separatcr, or in preceding
receiver stoge, or in the horizontal synch pulse contained
in the input signal to the receiver.

BLANKING CIRCUITS.
APPLICATION.

Blanking is used in TV, redar, synchroscopes, and
oscilloscopes to reduce the heam intensity ond render
invisible the retrace portion of the electron beam which
produces the visible trace on the CRT,

CHARACTERISTICS.

Blanking is dependent on the sweep signal.

Blanking reduces the intensity of the electron beam of
the CHT.

Blarking is accomplished by application of neqative
voltage to the control grid.

Blanking circuit is a resistorcapacitor combination.

CIRCUIT ANALYSIS.

General. Blanking circuits are used in CRT displays
to prevent any indication of the retrace line from appearing
with the display. This is accomplished by applying the
sweep signal to an RC differentiating circult, which de-
velops g rectanqular type waveform during the sweep dis-
charge peried. The rectanqulor (blanking) waveform is
applied to either the control qrid or the cathode of the CRT,
depending on the polarity of the waveform. The rectanaular
waveform is usually connected in series with the CBT bias
so that it increases the CRT bias and causes the electron
beam to be cut off during the retrace time of the sweep,
but has no effect on the beam during the active portion of
the tra e time of the sweep.

Circuit Operation. A typical BC blanking circuit is
shown in the gcoomponying illustretion,
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Capacitor C1 and resistor R 1 form a differentiating
circuit. Capacitor C2 is a large a-¢ bypass capacitor
which effectively places the lower end of Rl at ground
potential. The sawtcoth sweep voltage is applied to Cl
and the charging current is rﬂlntwply canstant witk the
linear increase of the sweep voltage. Thus, the current
flowing through R 1 remains @ a reiatively constent and
low value for the duration of the sweep trace. The volt-
age drop across R, likewise, remains at @ small but con-
stant value for the linew rise of the sawtooth sweep.

This small positive voltage drow is small enough, however,
so that it has little offect on the grid bias which it ooposes.
The intensity of the electron beam is, then, relatively
uncifecied.

When the sawtocth sweep voltage quickly retraces, how-
even, the discharge current change is greet and rapi=. As
C1 discharges the high discharge current through R1 pro-
duces a large voltaqe drop across R 1 which is opposite in
polarity to the drop produced across R1 during the sweep.
This retrace voltage series gids the normal neqative arid
bias applied to the control qrid of the CRT. Hence, the
hias voltage applied to the control grid of the CRT is now
a large encugh negative value to cut oif the electron beam
of the CRT, causing the CRT trace to disappear. The
electron becrm remains cut off during the entire retrace
period, and for a short portion of the beginning of the trace
period, Greater linedrity of the sweep voltage and shorter
retrace time of the sweep voltage causes the cutoff of the
electron beam to extend less into the trone perind.

A similar circult may be used with o neqative saw-
tooth applied to the input capacitor provided that the volt-
age acToss the resistor is ¢pplied to the cathoce of the
CRT. In this case a positive increase in has is produced
across R1, effectively driving the qrid more neaative and
producing the same hiasing-off of the beom.

FAILURE ANALYSIS.

No Output. [f capacitor Cl were open none of the
sweep voltege would be opplied 1o the ditforentiating
circuit and thus no voltage would be produced across R1.
In this case, only the normal qrid bias would be epplied to
the control arid of the CRT and hlanking would not oceur.
To determine if U1 is defective, check it with an in-circuit
capacitor checker. If resistor Rl were open, not only
would no voltage drop across it, but no qrid bias would be
applied to the CRT and the screen would be brightly illumi-
nated, To determine if Rl is open, check the resistance
with an chmmeter, If capacitor C2 were open there would
be no ground return, which would alse cause no output to
result. In order to determine if capacitor C2 is open check
it with an in-circuit capaciter checker. If, after checking
these components, the no output condition still exists the
sawtooth sween \gnhnrm muet he Jnnlw or the arid hias

supply voltcge must be faulty. By checking the sweep

wrnls +h i1~ e e L ey 1
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a voltmeter, tne faulty voltage walt pe locoted.
Low or Distorted Qutput. If capacitor Cl becomes
shorted the full sowtooth sweee valtaze will be nlored
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ocross Rl resulting in a sowtooth arid waveform with the
grid bias voltage opposing it, and the resultant voltage ap-
pearing at the controlgrid of the CRT, To determine if
capacitor Cl is shorted measure the voltage between each
plate of Cl and ground, If they e ecrucl the capaciter is
s..or‘ed U esizeiRlds shoredno vuuuq:: can be de-
veioped across it. The volitage apphed to the qrid of the
CRT will then be distorted. To determine if R is shorted,
check Rl with an ohmmeter. If capacitor C2 were shorted
the lower half of Rl would be at d-c qround, and the qrid
bias supply would be sharted to sround. A certain amaunt
of self grid bias would be generzted oy the flow of orid
current through Rl and any qrid szqnu] would probakly be
distorted if it was larqe enonah to avercome the hios and
illuminate the CBT. 7o determine if C2 is shorted check
the voltage hetween each plate of 02 ancd qround, ™ the
voitages are equal the capacitor is shorted, If the low or
distorted output condition still exists the sawtootk sweep
voltage or the qrid bios voltage must be foulty. Check the
sawtooth sweep voltage with on oscilloscope, and the grid
bias voltage with a voltmeter to determine which voltaqe is
at foult.

DC RESTORATION.

APPLICATION.

The d-c restorer is used in CRT display systems to
re=establish the d-c level of the composite-vides sianal,
which is lost wher the viden ain annlied to the CRT
control arid throush ¢ coupling copscitor from the preceding
video amplifier.

CHARACTERISTICS.

Meintaing a constant bias level on the CRT contrel
grid.

Receives input {rom video amplifier load.

Basic components are a diode, g copacitor and re-
sistor.

Cutput signal waveform varies betwean the eference
level and some positive velue, which is determined by
the peak-to-peak amplitude of the irput waveform.

CIRCUIT ANALYSIS.

General. The J-¢ restorer consists of o diode con-

nected in perallel with the resistor of 0 conventional R-

coupling network, The dicde

eVer the waveinrn suwsoon o

ever the waveform sw

Aroe wmb e
aCes aldt Conoucst, an

consmnt Thus, two mfferent time constants are produced—a
short time constant during the neoative kalf cvele of the

innut wovelorr and = T....,. +i e T [} Gl
inpg S ARE SJenguvieiesnoEnllinl HEaesk

tive half cycle. It is this d 1.:eu=n e in time constents that
p:'.'Gd'dCCS a Clcmped Guput vuu.ug:: gt the xcquﬁ'cd d=c

value, which is appliec 1o the contrel a1 of the TRTT
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This voltage restores the d-c component which was

, blocked by the capacitor coupling the video anplifier

1 signal to the control qrid of the CRT.

‘I Circuit Operatlon. A typical d- restorer circuit is shown

- in the eccompanying illustration within the dotted lines.

" The circuitry cutside of the dotted lines is included in the
illustration to clarify the explanation and function of the

d-c restorer.

+
o naly T

Vi

DC Restorer

Vlrepresents the plate circuit of the video cmplifier.
L1 and Rl are the series peaking components of the ampli-
fler, L2 is the shunt pecking coil and B3 is the plate load
of the video amplifier. Cl couples the plate of V1to the
grid of V2, the cathode ray tube. Besistors R4, R6, cnd the
d=c restorer resistor RS form a qrid legk hiosing network
for the CRT. Resistor RZ and capacitor C2 couple the
video signal t¢ the cathode of d-c restorer diode V3

As the neqative video output pulse appedars at the
plote of Vi, it is capecitively coupled to the CRT grid.
Since the coupling capacitor blocks de, only the ac wave-
form ¢ppears on the grid. Without any d-c restoration ar-
rangement the pulse would establish an average voltage on
the CRT grid which would change slightly with each dif-
ferent pulse. As a tesult, the maximum and minimum levels
of the pulse would produce different intensities than they
normally would with a fixed bias level. By inserting a
d~c restoration circuit which in effect automatically con-
trols the hias on the CRT to compensate for the loss of
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the dc component through the coupling circuit, a more
faithful waveform reproduction is obtained.

When g neaative output is applied through C1 to the
CRT qrid, a portion of this output is applied to the cathode
of d-c restorer diode V3 through B2 and C2, causing the
diode to conduct. Current flow through RZ, meanwhile,
charges capacitor C2 in such a direction that the end of
RS closest to the CET control grid becomes positive and
reduces the total CRT bigs. When the video pulse goes posi-
tive (becomes less negative) diode V3 ceases conducting.
Meanwhile, C2 discharges during the positive portions of
the pulse but only very slightly, due to the long time con-
stant to qround offered C2 by RS and Ré. When the video
pulse again goes neqative, diode V3 conducts and restores
the charge on C2 back to its former value. Thus if the
average brightness is high, the negative swing from maxi-
mum positive to maximum neqative value is greater, and
diode V3 conducts longer causing a grecter peak current
flow and a greater positive charge appears across CZ
Hence the CRT bias decreases further producing the areoter
kxilliance. Conversely, when the neqgative swing applied
to V3 is smaller, conduction of V3 occurs for o smaller
period and less voltage is developed across C2. Conse-
quent]y, the CRT neqative bias increases by the reduction
of charqe voltage developed across C2 and a less brilliant
signal appears. Parts values are normally chosen so the
CRT bias is normal with V3 operating.

FAILURE ANALYSIS.

Mo Output. Normally, failure of the d- restorer
circuit will cause the CRT presentation to appear darker
than normal. A quick check on operation is to remove
diode V3 and note if the presentation changes. If
there is no change, either the diode is defective or a
faulty component exists. Check resistor RS for proper
value with an chmmeter, With RS shorted the d—< re-
storer will not operate. If B5 is open no bias voltage
will appear on the CRT qrid when checked with a voltmeter,
Also check R2 with an ohmmeter for proper value. If co-
pacitor C2 is open the restorer will not operate, check C2
for value with an in-circuit capacitance checker. If CZis
shorted a positive bigs will be placed on the grid of the
CRT, and ir all probobility the CRT will be constantly
illuminated. Do not neqlect to check the values of R4 and
R6 with an chmmeter since they are ¢ portion of a voltage
divider actoss which the d-c restorer operates, [f either
is open no output will occur, but a change in value will not
necessarily cause no output.

Improper Output. A defective V3 can couse a dark or
distorted presentation. A shorted C2 con cause constantly
illuminated display, check C2 with an in-circuit capacitance
checker. [t is important to remember that distortion or im-
proper wavelorms can occur in circuits prior to the d-¢
restorer.

Therefore, when in doubt check both sides of Cl to
ground with an oscilloscepe. If the trouble exists on the
input side of C1 the couse is not the d-c restorer. If the
trouble appears on both sides of Cl it is still necessary to
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eliminate components other than the d-c restorer. In most
instances a simple resistance ond capacitance analysis
will quickly reveal it any portion of the d-c restorer is
defective.

DAMPER AND FLYBACK CIRCUITS.

APPLICATION.

The flyback circuit uses the horizontal output trans-
former to supply sweep voliage to the horizomal deflection
coils, while the flyback (retrace) portion of the horizontal
sweep i5 used to develap the extremely high voliage neces-
sary for the CRT arode. The damper circuit is recessary
to eliminate any undesired oscillations ocrurrine in the
cutput circuit due to resenunce in the honzontal defiection
circuit, and te supely an additicral dc Yow voltoge boest.

CHARACTERISTICS.

Receives its power from the horizontal cutput sweep
circuit,

Uses a special {lyhack transformer and two diodes to
furnish both a high voltage and o low voltage from the same
source.

Flyback transformer secondary supplies hoth horizon-
tal sweel voltone to the deflention cails and high veltage
rectifier filament voliage.

Flyback transformer primary operates as an autotrgns-
former te furnish extremely hich voltage developed at
the sweep frequency to the high voltoge rectifier.

Damper diode prevents undesirable cscillation and
provides dc low voltage boost,

CIRCUIT ANALYSIS.
General. The flyback transformer couples the hori-

zontal sweep voltage output to the horizontal deflection

coils, It dlso develops a hirgh voucm? for the zecond

anode of the CRT. This high voiiage is produced when

the sharp trailing edae of the =awtooth sweep voltane

{the flyback or 1etroce portion of the sweep) couses the

current in the deilection coils to cellopse and induce a

sharp reverse pulse in the primary of the transformer.

Here it is stepped up by cuto-tronsfonrer action and applied

w the plote of the righ veitage rectinier, where it is recti-

fied, filtered, and applied to the second cnode of the CRT.
The domper cm,uit is essenticlly g diode rectifier

connecied hetween the L\_p 3iGE 21 the secondury and the

hadariia il 1ot s Lo

ke uy‘uu vldl.&:l. Thiss

Aim

the colivpuing curreni n the dellection voke
during tke steep trailing edye of the sowtooth sweep from
STDING CORMRGwws vl i dis Jellectivn cotis. in
rectiiying tnese osciliations it also prDVl..es an additional
d-¢ voliane, for beosting the out-put of the lnw-unlione
fq—c Y"hu' ' bl B " 17‘
Circuit Operunon. ‘| here cre many circuit arrangements
which can produce flyback ond damper operation. There-
fere, circuit operation is deveted to an explanation of cne
of the mnst commarly vzed flyback and domper citowt
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combinations. This circuit arrangement is shown in the
accompanying illustration.

OF CRT
- I AVAVANR
<]
Tl RI
_ R2
(=]
INPUT FROM HORIZONTAL -
OUTPUT A"PLIF!Eﬂ
% < @
V=
c3 3
LI i
o3
Y
b 7
o > L2

Flyback and Damper Circuits

In this citcuit arrangement the plate of the horizontal
sweep output amplifier is tapped ceross part of the primary
of flvback transformer T1 (which operates 2= o high voltage
autotransformer). The secondary (output winding) of trans-
former T1 is connected acrozs horizental deflection coils
L3 and L4 and associated capocitors $3 and CB which are
used to balence out the distributed capacity of the circuit,
Inductance L1 ia q width control for the CRT display. It
iz a2 smell coil with o tunable core, and is shunted around
a poction of secondary winding of T, Adjusting the value
i the width coil chanyges the wtal inductance of the sec
ondary. The larger the total inductance value, the qreater i
the width. Diede V3 is the domper tube. Inductance L7
and capacitors Cl and C2 comprise a simple pi-filter net-
work for the damper low vsltage hoost supply. The too of
the primary of Tl is connected to the plate of high voltaae
rectifier V2, while the small power needed to heat the
filament is supplied by = small sinale turn tertiary winding
on TL qnd 'm c-onnef‘ted i series with p'owmive surye

tors Cdand U3 form @ resistance t,pe oi pi- hlter netwom
to eliminate any sweep frequency ripple appearing on the
nign voltage applied 1o the second anode of the CRT

A positive-goinng sowtooth current applied to the pri-
mary of the Hyhack and damper transionner develops a
positive qoing voltaae in the secondary to 11, This nroe
duces a rising deflection current througk horizontal : veen
coils L3 end L4, Jjode V3 conducts during this period
becouse of the positive potentiz! prezent on the plate of
domper wbe V3. During the rising sweep V3 nets as a

light resistive load and dissivaler o very smedl amcuns of
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the total power present. The resistive load of V3 and the
resistive load of the deflection coils require a slight

linear increase in the amplitude of the induced square wave
1o produce the required sawtoath current for the deflection
coils. This is provided initially by a smell amount of
stored voltage in the coils.

The retrace of the sawtooth sweep couses the secondary
voltage of T1te drop to zero. This, in turn, causes the
current in the deflection coils to collapse, and shock ex-
cites into oscillation the resonant circuit formed by the
deflection coils ond distributed copacity (the oscillation
frequency is in the vicinity of 75 KHz). The first altemo-
tion of the flyback oscillation is a sharp negative pulse of
high potential and V3 does not conduct during this negative
transient. This negative spike, however, also appears
across the secondary of T and it is inductively coupled
into the primary of T1. Here it is stepped up to a very
high positive voltage by the large number of turns of the
complete primery of TL This voltage causes high voltage
rectifier tube V2 to conduct and rectify the positive kick-
back pulses. The pulsating d-c voltage from the high volt-
age rectifier is varying at a high ripple frequency andis
easily filtered by the RC arranqement of capacitors T4, and
C5, and series resistor B2, and is applied to the second
anode of the CRT.

When a positive transient appears on the plate of V3,
damper tube V3 conducts heqvily. The ascillating tran-
sient is heavily damped by the load placed across the
deflection coils by the demper tube, Belore the transient
oscillations are completely eliminated, however, the
sawtooth sweep begins aqain. The combination of the
heavily damped oscillations and the increasing sawtooth
input produces a slight linear increose in the deflection coil
current at the start of the sweep,

During the time that V3 is conducting, de voltoge is
applied to the filter network consisting of capacitors C1
and C2 and inductance L2 This voltage is connected
in series with the voltage from the low-valtage power
supply and provides a small d-c valtage hoost.

FAILURE ANALYSIS.
Note:

Although this type of circuit is designed to supply anly
a small output current from the high voltage supply to pre-
vent lethal shock, be careful to observe standard high wolt-
age safety precautions. It is important to discharae both
the CRT anode and the high voltage filter capacitors before
making voltage or resistance checks on the hich voltage
partions of this circuit,

Ne Output. Assuming that the input of this circuit,
which is the cutput from the horizontal sweep output ampli-
fier, is correct, a no-output condition cauld occur i the
primary of T1were shorted or open. In either case no volt-
age would be caupled to the secondary of T, and no wolt-
age would appear on the plate of the high voltage rectifier
V2. Thus thete would be no sweep voltage produced hy
the deflection coils, or high voltage on the second anode
of the CRT. To determine whether or not T1 is defective,
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measure the d-¢ resistance of the primary of T1 witk an
chmmeter. Likewise, if the secondary of T1 were open
or shorted, no voltase could be coupled to the deflection
coils, and no large neactive kickback pulse would be
developed for the production of the kigh voltage for the
second anode of the CRT. To determine if the secondary
of Tlis shorted or open check the d-c resistance value of
the secondary with an ohmmeter.

If herizontal deflection coils L3 and L4 were shorted
or apen no sweep would be produced and, likewise, no
negative pulse would be developed for the production of
the high voltage and the CRT would not be illuminated.
To determine if L3 and L4 are open or shorted measure
their dc resistance value with an obmmeter,

If capacitor C6 were open no sweep voltage would be
produced and no high voltoge would be produced, Check
the value of capacitor C6 with an in~circuit capacitor
checker to determine if it is open.

Law or Distorted Output. If the input of this circuit
is correct o low or distorted output could exist if T1 were
partially shorted. Check the d-c resistance values of the
primary and the two secondaries with an chmmeter.

If either L3 or L4 is shorted, or particlly shorted, the
sweep voltage will be distorted and a distorted nattern
will appear on the CRT, While an improper kickback volt-
age value moy be coupled to the plate of the mgh voltage
rectifier the distortion may not create sufficient difference
in value to show on o voltage check. Measure the de re-
sistance of L3 and L4 with an chmmeter,

If capacitor C3 were shorted the same effect as a
shorted inductance L3 would occur. To determine if C3 is
shorted check C3 with an in-circuit capacitor checker.

If inductance L1 were shorted or open, the voltage
coupled from the primory to the secondary of T1 would be
lower than nomal resulting in a smaller sweep and a lower
high voltege value. To detemmine if inductance L1 is
shorted or open check the de resistance value with an
ohmmeter.

If diode V3 is shorted, the sweep voltage will be
greatly decreased and show a smaller pattern on the CRT.
The high voltage at the cathade of V2 will dlse be lower
than normal, and the boost voltage will also be low.

If titter components Cl, L2, or C2 were defective the
boost voltage would be lower than normal.  To determine
if any of these components are defective, check capacitors
C1 and C2 with an in—circuit capacitor check, and check
the dc resistance of L2 with an ohmmeter,

1f diode V2 were shorted or open no high voltage
would appear on the CRT and the presentation would not
appear. Check the voltage from the filament of V2 to
ground. If resistor Rl were open, V2 would not conduct
and nio high voltage would be available at the second
anode of the CRT. Observe whether or not the filament
appears to be illuminated, if not check Rl, for value with
an ohmmeter.

1f capacitor C4 were shorted, the high voltage would
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be grounded and none would be ovaileble at the second
ancde of the CRT. Measure the voltage from C4 to
ground, if it is low or zero check C4 for proper value with
an in-circuit copacitor checker. If resistor B2 is open no
high voltage would be cvailable at the second anode of the
CRT. Measure the voltage of C4 and C5 to ground with a
voitmeter. If the voltage on C4 is normai but voitage ap-
pears acrcss 5, check the resistance value of R2 with en
ohmmeter. [f capacitor C5 were shorted the high voltage
would be shorted to ground, Check C5 with an in-circuit
capacitor checker,
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